Sie SENATE ES PIRASNG TS eT 


aa PNW : ‘ Sey 
Sy i re 


Pe 


ketiyg 
Pada 


(due es, 


SENS 


He, 
sie 
Paid yg EN 


flan agin, 
2 sree 


log 
Me 0 bans 


PSs 


ne wate, 
Pre rth # 

i 
thay 


is Ngan 
adie, tei ts a Dhiege “ : 
PES ay aa eg f Shien 


nee 


pfaett le 


Puta 


Raye 
“| oe 


Ml OP 


stad oP 


Testy 
inh 


paMecandi 


ee Sh 
Aa 


Mit Pb ia 
aa 


Her hith 
“ ae HPPA naar 


Hore ne a 


pe AINA OLATE GULLEGE LIBRARY 
BOZEMAN 


5 F oe 
vi er ad); “om ih! 
ue bait : 3 $4 Nine < ae 
re d ay J hs’ - 
*. - : 4s 
Fuveoe LF 
ays ie 


HANDBOOK 
OF 


ORE DRESSING 


Digitized by the Internet Archive 
in 2022 with funding from 
Kahle/Austin Foundation 


https://archive.org/details/nhandbookoforedre0000arth 


HANDBOOK 


ORE DRESSING 


BY 
ARTHUR F. TAGGART 


Professor of Ore Dressing, School of Mines, Columbia University 


CONTRIBUTORS 
Freperick EK. BEeacu RC. CANBY 
Henry A. Benre . W. Raymonp LoncLEey 
JoHN M. CaLLow CHARLES T. PorTER 


Percey F. Sita 


NEW YORK 
LOIN Wire y < SON'S} ve 
Lonpon: CHAPMAN & HALL, Limitep 
1927 


Copyright, 1927 
By ARTHUR F. TAGGART 


Printed in U.S. A. 


PRESS OF 
BRAUNWORTH & CO., INC. 
BOOK MANUFACTURERS 
BROOKLYN, NEW YORK 


TO MY FRIEND 
JAMES FARLEY McCLELLAND 
TO WHOM 
MORE THAN ANY OTHER 


THE INSPIRATION FOR THIS BOOK IS DUE 


PREFACE 


Ir is hoped that this book may serve as a reference handbook for engineers 
practicing or investigating ore-dressing processes and also as a text-book for 
students of the subject. With these ends in view the text has been set in 
type of two sizes, the thread of description and principle being carried along 
in the larger type while matter of reference character, numerical data, mill 
performances, supplementary argument, etc., are set in the smaller type. 

No reference handbook in ore dressing has been published since the appear- 
ance of the third and fourth volumes of Richards’ monumental work in 1909. 
Since that time practice in the art has been revolutionized by froth-flotation 
concentration of sulphide-ore slimes and by the use of ball mills and the like 
for fine grinding. 

The subject matter of the book is arranged on the principle that the metal 
or mineral as used in the arts is the proper focus of interest at every mine; 
that the operations converging on this point are mining and treatment of the 
ore, refining of the treatment-plant product, and sale of the refined product; 
and that the unit in ore treatment is the whole mill. Pursuant to this idea the 
book starts off, after a short introduction, with alphabetical presentation of the 
metals and minerals whose ores require dressing as part of their preparation. 
As is, of course, natural in a book on ore treatment, dressing is the principal 
topic under each substance heading, but discussion of treatment is, in each 
case, preceded by a thorough summary of the economic elements, occurrence, 
uses, production, price range, etc. In subsequent chapters individual milling 
operations, such as coarse and intermediate crushing, fine grinding, screening, 
classification, various methods of concentration, dewatering, etc., are treated 
separately. Sections on sampling, handling of ores and treatment products, 
designs of milling plants, hydrometallurgy, and on the engineering funda- 
mentals, physics, mathematics and mechanics follow and have been contributed 
by associate editors who are experts in the various subjects. The sections on 
mathematics and mechanics were written in an endeavor so to present these 
engineering tools that they may be most easily picked up by an engineer who 
has grown rusty in their use; the presentation is, therefore, in the form of a 
series of rules for the solution of typical problems, with numerous examples 
of methods of use; the theory underlying derivation of the rules must be sought 
in more mathematical texts. 

It follows from the statement of plan that treatment of ores of non-metallic 
minerals has not been segregated from treatment of metallic ores, except in 
so far as the alphabetical arrangement of Section 2 so serves. Such segrega- 
tion is not justified on physical grounds and both metallic and non-metallic 
practice have suffered in the past from a wholly arbitrary separation which 
has resulted in ignorance among the practicioners in each field of the develop- 


ments in the other. 
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The handbook of an art is necessarily somewhat encyclopedic in character. 
Notwithstanding that ore crushing, gravity concentration, dewatering, etc., 
are merely practical applications of well understood physical phenomena, yet 
each operation introduces so many diverse factors, complexly interrelated 
and practically incapable of segregation, that it is not possible to set down 
quantitative rules for operation nor formulas for predicting results, and 
estimates of future behavior must be based principally on study of past per- 
formances. In the present book, therefore, performances of machines and 
processes, critically culled from the replies to an elaborate questionnaire and a 
large number of letters, as well as from thorough study of periodical literature, 
make up a large part of the’text. 

If exception is taken to the space allotted to such apparatus as the gravity 
stamp, Chilean mill, grinding pan, film sizers and to the older flotation proc- 
esses, the reply is that as regards the first three the battle of extinction is 
only recently decided, if yet finally decisive, and that the picture of the battle- 
field is useful to deter others from renewing the fight; that the film sizers, 
imperfect as they are, remain the only tools for treating slimes not amenable 
to froth flotation or hydrometallurgy; and that thorough understanding of 
the physical principles of flotation and the no less important legal pitfalls is 
not to be had without acquaintance with the “‘prior art.” 

Costs as given in the text are specifically dated or the date indicated by 
the context. They may usually be related to present time by a multiplier 
representing the ratio of combined labor and commodity index figures for the 
published date and the present. 

Textual reference to the literature is a perplexing problem in all writing, 
and when the number of such references runs into the thousands, as in a 
handbook, the difficulty is aggravated, and no solution is entirely satisfactory 
either to author or reader. The plan adopted herein, in all but one section, is 
to run the reference in the text, set off in parenthesis and abbreviated in the 
form adopted in legal writing where, perhaps more than in any other writing, 
textual references abound. The method has the distinct advantage over 
number reference to a bibliography that it makes immediately apparent to 
the reader acquainted with the literature the general source of the authority 
cited and eliminates the irritation involved in search for the page of bibliog- 
raphy, while the interruption to thought caused by the parenthetical inser- 
tion need be no greater where the parenthesis contains six or eight characters 
than where it contains one or two. The abbreviations used are listed on 
page xi. 

The editor hereby makes grateful acknowledgment to his associates and 
publisher for their forbearance with his delay in publication, occasioned both 
by the magnitude of the work of writing and editing and by the stress of pro- 
fessional engagements; to the men and mining companies listed on the fol- 
lowing page, for answering and permitting answer to the elaborate question- 
naire that formed the foundation upon which much of the book was built; 
to all of the mining-machinery manufacturers who freely offered and fur- 
nished information relative to their products; and to many friends who gave 
uncomplainingly of their time to help. 

ARTHUR F, TacGarT 
Co_umMBIA UNIVERSITY 
New York 
Jan, 1927 
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References to articles in periodicals are written in the order: volume 
number, abbreviation for periodical name, page number; thus 100 J 110 is 
to be read, Engineering and Mining Journal, vol. 100, page 110. References 
to books are made by giving the surname of ‘the author i in italics. An alpha- 
betical list of the periodical abbreviations and book references follows. 


A Transactions American Institute of Mining [and Metallurgical] Engineers. 
Aa Australasian Institute of Mining Engineers. 

ACS Journal of the American Chemical Society. 

AES Transactions of the American Electrochemical Society. 


AGLJ American Gas Light Journal. 
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D. Van 


Bul. Bulletin. 
CA Coal Age. 
cI Coal Industry. 


CIT Carnegie Institute of Technology. 

CMI Transactions Canadian Mining Institute. 

CMIA_ Proceedings Coal Mining Institute of America. 

CMJ Canadian Mining Journal. 
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DHH Transactions of the Delaware and Hudson and. Hudson Coal Co. Mining 
Institute, May, 1915. 

System of mineralogy, J. N. Dana, John Wiley and Sons, Inc., 1903. 

Text book of mineralogy, Dana and Ford (W. E.), John Wiley and Sons, Inc., 
1922 

Davy AND Farnuam. Microscopic examination of the ore minerals, W. M. Davy and 

C. M. Farnham, McGraw-Hill Book Co., Inc., 1920. 


DANA. 


EL Engineer, London. 
EN Engineering News; Engineering News-Record. 
ER Electrical Review. 


EW Electrical World. 
Fuuitron. A manual of fire assaying, C. H. Fulton, McGraw-Hill Book Co., 1911. 


GILLETTE. andbook of cost data for contractors and engineers, H. P. Gillette, Myron 


C. Clark Publishing Co., 1910. 
Belt conveyors and belt elevators, F. V. Hetzel, John Wiley and Sons, Inc., 


1922. 
Concentrating ores by flotation, T. J. Hoover, Mining Magazine, London, 


1916. 
IEC Journal of Industrial and Engineering Chemistry. 


IME Transactions of the Institution of Mining Engineers. 


IMM Transactions Institution of Mining and Metallurgy. 
af Engineering and Mining Journal; Engineering and Mining Journal-Press. 


JCM Journal of the Chemical, Metallurgical and Mining Society of South Africa. 
JOHANNSEN. Manual of petrographic methods, A. V. Johannsen, McGraw-Hill Book Co., 


Inc., 1918. 


HETZEL. 


Hoover. 
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Jovian, SMarrand AttEN. Cyaniding gold and silver ores, H. Forbes Julian and Edgar 
Smart, revised by A. W. Allen; J. B. Lippincott, 1921. 

Kercuum. The design of walls, bins and grain elevators, Milo S. Ketchum, McGraw- 
Hill Book Co., 1919. 

Kipper. The architects’ and builders pocket-book, F. E. Kidder and Thos. Nolan, 
John Wiley and Sons, Inc. 

LSMI_ Proceedings Lake Superior Mining Institute. 

Lapoo. Non-metallic minerals, R. B. Ladoo, McGraw-Hill Book Co., Inc., 1925. 

LippEeLu. Handbook of chemical engineering, Donald M. Liddell, McGraw-Hill Book 
Co., 1922. 

Louis. The dressing of minerals, Henry Louis, Arnold, London, 1909. 

MCJ Mining Congress Journal. 

MEW Mining and Engineering World. 

MH Mines Handbook, W. H. Weed, The Mines Handbook Co., Annual. 

MIMM Mexican Institution of Mining and Metallurgy. 

MIS Transactions of the Mining Institute of Scotland. 

MM Mining Magazine. 

MMt Mining and Metallurgy. 

MR Mineral Resources of the U. S.; U.S. Geological Survey, Annual. 

MSM _ Minnesota School of Mines, Engineering Experiment Station. 

M&M Mines and Minerals. 

MacLeop and Wavxer. Metallurgical analysis and assaying, W. A. MacLeod and 
C. Walker, Griffin and Co., Ltd., 1903. 

Marks. Mechanical engineers’ handbook, L. 8S. Marks, McGraw-Hill Book Co., 1916. 

Merriman. Mechanics of materials, Mansfield Merriman, John Wiley and Sons, Inc., 
1906. 

Min. and Ene. Rev. Mining and Engineering Review, Australia. 

Murpocu. Microscopical determination of the opaque minerals, Jos. Murdoch, John 
Wiley and Sons, Inc., 1916. 


OD Ore dressing, Robert H. Richards, McGraw-Hill Book Co., 1908. 
ge Mining and Scientific Press. 

AG Private communication. 

BP. Pre-print. 


Prete. Mining engineers’ handbook, Robert Peele, John Wiley and Sons, Inc., 1918. 

Puit. Maa. London, Edinburgh and Dublin Philosophical Magazine. , 

Pro. Ena. Soc. W. Pa. Proceedings Engineering Society of Western Pennsylvania. 

Pro. Inst. Civ. Eners. Proceedings of the Institute of Civil Engineers. 
Questionnaire. 

RMP A textbook of Rand metallurgical practice, Chas., Griffin & Co., Ltd., 1913. 

Ricuarps. Ore dressing, R. H. Richards, McGraw-Hill Book Co., 1908; Text book of 
ore dressing, 1909; Revision, with C. E. Locke, 1925. 

Rittincer. Lehrbuch der aufbereitungskunde, P. ritter von Rittinger, Ernst and 
Korn, Berlin, 1867. 

Rocers. Study of minerals, Austin Flint Rogers, McGraw-Hill Book Co., 1912. 

SCI Journal of the Society of Chemical Industry. 

SMQ School of Mines Quarterly. 

Sramon. A manual for assayers and chemists, W. H. Seamon, John Wiley and Sons, Inc., 
1910. 

So. Ar. Jour. Inv. South African Journal of Industry. 

Spurr and Wormspr. The marketing of metals and minerals, J. E. Spurr and F. E. 
Wormser, McGraw-Hill Book Co., Inc., 1925. 

TAIEE Transactions American Institute of Electrical Engineers. 

TB Textbook of ore dressing, Robert H. Richards, McGraw-Hill Book Co., 1909. 

ake Technical paper. 

TRAUTWINE. Civil engineers’ pocket-book, J. C. Trautwine, Trautwine Pub. Co., 1919. 

Truscorr, A textbook of ore dressing, S. J. Truscott, Macmillan, 1923. 

UI University of Illinois, Engineering Experiment Station. 

Uld University of Idaho, Pamphlets of the U. S. Bureau of Mines and the Idaho 

Department of Mines and Geology. 

USGS United States Geological Survey. 

UU University of Utah, Engineering Experiment Station. 

UW University of Washington, Engineering Experiment Station. 

Van WaGenen. Manual of hydraulic mining, T. F. Van Wagenen, Van Nostrand, 1913. 

Wiarp. The theory and practice of ore dressing, E. S. Wiard, McGraw-Hill Book Co., 

1915. 
Wixson. Hydraulic and placer mining, E. B. Wilson, John Wiley and Sons, Inc., 1918. 
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Table 1 gives dates corresponding to volume numbers 


When citations are made to earlier 


volumes or to periodicals not in the table, dates are bracketed in the reference, 
if the date is important. 


Volume numbers of periodicals 
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HANDBOOK OF ORE DRESSING 


SECTION 1 
INTRODUCTION 


A large proportion of the inorganic and many of the organic substances 
that form so important a part of the structure of present-day civilization have 
iheir source in the earth’s crust in such admixture, chemically or mechan- 
ically, with other substances that they are substantially useless. Rendering 
them into form fit for use is, very largely, a process of separation from start 
to finish, mining to separate them as an impure mass from the surrounding 
material in the earth, ore dressing to effect mechanical separation of the 
value-bearing constituents in this impure mass from the associated barren 
impurities, and finally, in most cases, chemical treatment of various kinds 
to break the bonds that hold the substance sought in undesirable asso- 
ciation. Lead is typical. It occurs at scattered localities in the earth’s 
crust, principally as a chemical compound with sulphur (galena), usually 
associated with other metallic sulphides and with a large preponderance of 
one or more of the ordinary rock-forming minerals. Its principal uses in the 
arts are in the form of the metal, as in pipe, tank linings, storage batteries 
and the like, and as a carbonate of high purity in paints. A few tons per year 
would satisfy the world’s demand for galena as such. Chemical treatment 
is necessary to break the bond between lead and sulphur and collect the lead 
in useful form. 

In the exceptional cases where galena is found in such large masses that 
it can be mined in a state of comparative purity, the requisite chemical treat- 
ment can be applied directly to the material as mined. But in most cases 
the galena occurs in small masses and grains intimately admixed with large 
quantities of worthless substances such as quartz or limestone, and the cost 
of chemical treatment to break up the galena and collect the lead is increased 
enormously by the presence of these diluents. Under such circumstances 
the material mined is first subjected to a process of mechanical separation 
by means of which the galena is segregated from the associated materials at 
a relatively small cost. The economic advantages of this treatment are made 


apparent in the following example. 


Assume an ore consisting of galena scattered as grains and small veinlets through a 
body of dolomite. Assume that the mass as mined assays 5 per cent. lead, that the market 
price for lead is $0.07 per lb., that mining and delivery at the surface costs $3 per ton, that 
freight to the nearest smelter costs $5 per ton, that the smelter charge for treating material 
containing 5 per cent. lead is $10 per ton, that 97 per cent. of the lead in the ore is recover- 
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able by smelting and that the smelter pays 95 per cent. of the market price for the lead 
recovered. Assume further that by a process of ore dressing galena from the ore as mined 
can be separated from the dolomite in the form of a concentrate assaying 60 per cent. lead, 
that in the process 5 per cent. of the lead will be lost, that the process costs $0.75 per ton, 
that the freight charge on concentrate is $10 per ton, the smelter charge $2 per ton, and 
that 97 per cent. of the lead in the concentrate is recovered and paid for at 95 per cent. 
of the market price. The comparative receipts and expenditures on 100 tons of ore are 
shown in Table 1. In this case, which is typical, concentration changes a deficit of $11.55 
per ton into a profit of $1.43 per ton. 


Table 1. Comparison of profits from mining and treating a 5-per cent. lead ore, with and 
without concentration. ra 


WITHOUT CONCENTRATION 


Expenditures Receipts 
Mining, 100 tons @ $3......... $300.00 100 tons of ore produce 9700 lbs. 
Freight, 100 tons @ $5......... 500.00 of lead, which at 95 per cent. 
Smelting, 100 tons @ $10....... 1000.00 of 7 cents per Ib. is.......... $645.05 
Die heitrs Saar dare owner mate cles 1154.95 
$1800.00 $1800.00 


WITH CONCENTRATION 


Mining, 100 tons @ $3......... $300.00 100 tons of ore produce 7.92 tons 
Concentrating, 100 tons @ $0.75 75.00 of concentrate containing 9500 
Freight, 7.92 tons (a) @ $10..... 79.20 lbs. of lead. This, when 
Smelting, 7.92 tons @ $2....... 15.84 smelted, produces 9215 lbs. of 
LEDS. FO IS RO oe ee Oe 142.76 lead which, at 95 per cent. of 
7, cents per DN igi ce .s.s oe 6 ones SOLS a0) 
$612.80 $612.80 


a 100 tons of ore produce 7.92 tons of 60-per cent. concentrate under the conditions 
stated. 


The problem of ore treatment confronts every mine manager. Mining 
should be looked upon as a manufacturing operation involving the production 
and sale of ore and ore products. If thus viewed, solution of the problem 
of ore treatment involves not only the technical knowledge necessary to 
decide upon the method or methods of treatment to which the ore is amen- 
able, but also knowledge of the costs and possibilities of recovery by the 
various methods, and, more important yet, acquaintance with the possibilities 
of the market for the finished product. Such acquaintance must be foynded 
on knowledge of the ultimate uses of the product, its production and price 
history, the ability of the market to absorb new production, the possibility 
and availability of substitutes, and the economic significance of differences 
in grade of the product marketed. The technical part of the problem is the 
simpler; if a relative weight can be assessed, the economic phase is the more 
important. The mining regions of the world are dotted with monumental 
failures, not the least of which are those in which every technical problem 
of production has been satisfactorily solved, but the problem of profitable 
disposal of product yet awaits solution. 

Definitions. An org is any rock containing a valuable constituent in 
such amounts as to make mining and treatment of the rock to extract the 
valuable part a commercially profitable operation. The valuable constituent 
is ordinarily spoken of as VALUABLE MINERAL, often just MINERAL. The 
worthless part of ore is called GANncur. In some ores the valuable mineral 
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is in the chemical state in which it is to be used in manufacture and the arts, 
for example, coal, graphite, sulphur and asbestos; in others, as for instance 
most ores of metals, the valuable mineral contains a worthless element in 
chemical combination with the metal. 

The method of treatment depends upon the proportion of valuable mineral 
in thé ore and its mode of distribution, both of which vary widely; and upon 
the chemical state of the valuable Ponatuient High-grade ores of metals 
are usually smelted without any preliminary treatment. For discussion of 
smelting see, among others, Schnabel, Handbook of metallurgy; Hofman, 
General metallurgy, Metallurgy of lead; Hofman and Hayward, M. etallurgy 
of copper; Peters, Principles of copper smelting, Practice of copper smelting; 
Ingalls, etallurgy of zinc and. cadmium; Certain low-grade ores of metals 
are treated by methods that consist essentially in dissolving the metals from 
the ore by means of some solvent that does not dissolve the gangue, separating 
the solution from the solid residue, and separating the metal from the solution. 
Such processes are described in Sec. 15. All other metallic ores, if treated 
at all, are subjected to some mechanical process that results in separating the 
ore into a CONCENTRATE, containing the bulk of the valuable mineral in rela- 
tively pure form; and TAILING, consisting of gangue with but a smail residue 
of valuable mineral. ORE DRESSING is the art of mechanical treatment of 
ores to produce concentrate and _ tailing. 

Crushing is the most expensive part of ore dressing in the case of a large 
majority of ores. The economic minerals of gold, silver, copper, tin, lead 
and zine (excluding gold- and tin-placer deposits) almost invariably occur 
in such a fine state of dissemination in the gangue that crushing must be carried 
down to a fraction of a millimeter in order to free them for separation. This 
work must be done in steps and there are certain machines best suited to 
each step in the reduction process. The crushers that first take the ore as 
it comes from the mine (some of them can take 6-ft. cubes) are called COARSE 
CRUSHERS; those that take the product of the coarse crushers and break it 
to a size suitable to feed to the final crushers are called INTERMEDIATE 
CRUSHERS. ‘These machines take material in the range from 21%- to 6-in. and 
deliver it at from 114- or 2-in. down to )4-in. size. FINE CRUSHERS Or GRINDERS 
take the product of the intermediate crushers and deliver a product at any 
desired size down to about 0.05-mm. maximum. 

Concentration involves subjecting the crushed product to one or more 
operations of various character that utilize differences in physical properties 
of the mineral and the gangue. The most important physical properties 
thus utilized are specific gravity, surface energy, color, luster and perme- 
ability. When differences in specific gravity form the basis of the concen- 
trating process, it is called GRAVITY CONCENTRATION; the processes that 
utilize differences in surface energies are grouped under the name of FLOTA- 
tion; differences in color and luster are the basis for HAND PICKING; and 
differences in permeability are utilized in MAGNETIC CONCENTRATION. 

Gravity concentration. Whenever two particles of different specific 
gravities are allowed to fall under the influence of gravity alone through a 
fluid that offers resistance to their passage, differences in the falling rate 
develop and these differences are greater the greater the difference in specific 
gravity and the greater the resistance offered by the fluid. Impractical 
extremes are the equal fall of a lead shot and a feather in a vacuum and the 
sinking of platinum and flotation of iron in a bath of mercury. Practical 
instances are the difference in rate of fall of gold and quartz particles of equal 
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size in water and the sinking of slate and flotation of coal in a semi-fluid 
mass composed of quartz sand mechanically maintained in suspension in 
water. When to this difference in falling rate is added difference in response 
to impulses such as the transporting effect of a substantially horizontal stream 
of water, the result is to spread out the different particles along the bottom 
of the water channel with the particles of highest specific gravity nearest 
the source and the lightest farthest down stream. This is the method by 
which gold has become concentrated in placer deposits and also that by 
which it is won from the accompanying gravels in sluice boxes. : 

The rate of fall of particles in a resistant fluid is proportional to their 
effective weights in the fluid. Hence large particles of a given specific gravity 
fall more rapidly than small particles, and of equal-sized particles of different 
specific gravities the denser falls more rapidly. It is apparent, then, that in 
a mixture of grains of different specific gravities and sizes there will be equal- 
falling grains of different specific gravities and that in all such equal-falling 
heterogenous groups the heavier will be the smaller. The process of treat- 
ment that involves separating a mixture of grains into equal-falling groups 
is called soRTING or CLASSIFICATION. A process that groups equal-sized 
grains together is called stzinc. All gravity-concentration processes that 
utilize as the separating medium a fluid less dense than any of the minerals 
in the ore consist of sorting and sizing as supplementary operations. Either 
may precede. If the separating medium is water, as is usual, the process is 
called WATER-GRAVITY CONCENTRATION, or, frequently, GRAVITY CONCEN- 
TRATION; if air is the medium, PNEUMATIC SEPARATION OF AIR CLEANING. To 
be effective, gravity concentration requires a difference in specific gravity 
of at least 0.5 to 1.0, depending upon the absolute specific gravity of the 
lighter mineral; the smaller difference is sufficient when the lighter mineral 
has a density of 1.3 to 1.5 (coal), the greater is desirable when the lighter 
mineral is, say, quartz (sp. gr.=2.6). The principal water-gravity concen- 
trating machines are washers, jigs and shaking tables. 

When the density of the separating medium is greater than that of the 
lighter mineral, sizing is unnecessary, since the buoyancy of any substance 
in a liquid heavier than itself is independent of the size of particle. The 
processes of this class are called HEAVY-FLUID pRocEssHs. They have 
the advantage of being able to work with a smaller specific-gravity difference 
than water-gravity concentration or pneumatic separation. The only one 
of practical value at the present time is one that uses a suspension of sand 
in water as the separating fluid. 

Flotation concentration consists in causing attachment of certain minerals, 
in a finely-ground state admixed with water, to gas bubbles of such size with 
respect to the mineral particles attached to them that the gas-mincral aggre- 
gates are buoyant in the aqueous mixture (puLP) and float away from their 
former associates. ‘This differential gas attachment depends upon differences 
in the surface energy (connected with the luster) of the different minerals. 
In general, minerals cf retallic luster will float while those of non-metallic 
luster are unaffcctcd, but by suitable means differences in floatability of the 
minerals of metzcliic luster can be so accented that one can be floated away 
from another (DIFFERENTIAL FLOTATION), and, by other suitable means, 
certain minerals of non-metallic luster can be floated. 

There are a number of distinctly different flotation processes, but only 
two, viz.: the AGITATION-FROTH PROCESS and the BUBBLE-COLUMN PROCESS 
have been widely adopted. ‘ 
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Magnetic concentration utilizes differences in permeability to effect 
separation. Minerals such as magnetite, franklinite and pyrrhotite are 
relatively so highly permeable as to be readily separable from all other 
minerals by bringing the mixture into a weak magnetic field. Certain other 
minerals, notably hematite and pyrite, are rendered highly magnetic by 
roasting. A number of other minerals, ¢.g., ferriferous blende, iron garnet, 
- etc., may be separated readily from quartz, feldspar, calcite and the like by 
subjection to a powerful magnet. Magnetic separation may be practiced 
at any size, theoretically. Practically the range is below 2-in. for highly- 
magnetic particles and below 2-mm. for feebly-magnetic. At larger sizes 
the magnets must be made so heavy and powerful, in order to overcome 
the inertia of the particles and the necessarily large air gaps, that the machines 
become structurally impractical. 

Hand-picking is possible whenever the valuable mineral and gangue 
differ distinctly in color and/or luster and when they occur as large individuals 
and break clean. This method of concentration is indicated when clean indi- 
viduals of either gangue or mineral, 3-in. or larger in size, occur in sufficient 
guantity to permit one or more operators to keep busy in removing them from 
a traveling surface. Under such circumstances it will usually work out to 
be cheaper to recover valuable mineral or to discard waste in this fashion 
than to break further and make the separation mechanically. Hand-picking 
is particularly useful in coal cleaning. 

Miscellaneous methods of concentration. Differences in electrical con- 
ductivity of minerals may be utilized for separation of finely-crushed, closely- 
sized grades. The process is called ELECTROSTATIC SEPARATION. In general 
the minerals of metallic luster are good conductors and those of non-metallic 
luster poor conductors. Blende is an exception to the general rule for metallic 
minerals, and this fact has been utilized (see p. 177) to effect separation from 
galena. 

A few minerals, e.g., fluorspar, DECREPITATH (disintegrate spontaneously 
on heating). Separation of these from others that have not this property 
may be made by first sizing the mixture of grains within small limits, then 
heating to cause decrepitation, and finally screening out the broken fragments. 
The process is of limited application. 

Separation by oil and grease in bulk utilizes differences in the same prop- 
erty of minerals, viz.: surface energy or surface tension, that is utilized in 
flotation. The process is not universally applicable but two notable examples 
of its utility are: (a) the separation of diamonds from associated minerals, 
beryl, tourmaline, quartz, etc., by passing them in semi-suspension in water 
over a surface covered with stiff grease (GREASED TABLES), and (b) separation 
of coal from slate by violent agitation of the finely-ground mixture in water 
with a quantity of fuel oil (g«RANULATION). 

Recovery. Ratio of concentration. Technical success in concentration 
is measured by the ratio of the weight of valuable mineral in the concentrate 
to the weight in the original material (usually called rrED or HEADS), due 
regard being had also to the richness (GRADE) of the concentrate, 7.e., the 
percentage of metal contained. This ratio is known as RECOVERY or EXTRAC- 
TION. The ratio of the weight of feed to the weight of concentrate is called 
the RATIO OF CONCENTRATION. (For calculation and discussion of these terms 
see Sec. 22, Art. 14.) 

The scheme of concentration (rLow-sHEET) depends on the mineralogical 
character of the ore and on the size of the individual particles of the economic 
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mineral and of the barren or low-grade constituent. If either the economic 
mineral or the low-grade constituent occurs in aggregates upwards of three 
inches in size and in any considerable bulk at these sizes, hand-picking will prob- 
ably prove desirable as the initial step in concentration, provided, as is almost 
invariably the case, there is sufficient difference in appearance to allow pickers 
to choose with speed and certainty. If the economic mineral has high unit 
value, it may be picked out at sizes down to l-inch. Crushing prior to 
picking should be planned to do no more breaking than is necessary to sever 
the material that is to be picked from the balance of the ore. If, following 
hand-picking, the remaining ore is amenable to separation by both gravity 
concentration and flotation, the flow-sheet will usually show these two proc- 
esses in the sequence named and the mrppiiNe (partial concentrate consisting 
largely of unseyered grains of mineral and gangue) from treatment at coarse 
sizes will be re-ground to free the locked valuable mineral. If gravity con- 
centration or magnetic separation only is applicable, it is usually applied to 
successively finer grades with re-grinding of the middling produced at each 
step. When both gravity concentration and flotation are applicable but the 
valuable mineral is so finely disseminated that gravity concentration at rel- 
atively coarse sizes is not possible, it becomes a serious question whether 
gravity concentration should be employed at all, or whether it is not best 
to grind immediately to flotation size and treat all the ore by this process 
alone. Gravity concentration is cheaper, but it ordinarily cannot reject 
sufficiently low-grade tailing; flotation must, therefore, be applied eventually 
and the saving in cost on the tonnage of concentrate removed by gravity 
concentration must pay for the cost of the gravity operation. This it cannot 
ordinarily do. The simplicity and relatively small size of the all-flotation 
plant would ordinarily dictate its selection even in the face of an estimated 
small saving in operating cost with the gravity plant ahead. If, however, 
the gravity plant increased the saving or raised the grade of concentrate, 
it would usually justify itself economically. 

If the economic mineral is very finely disseminated and amenable to 
flotation, gravity concentration and, of course, hand-picking are out of the 
question entirely. 

When low-intensity magnetic separation can be used, it is economically 
preferable to gravity concentration. 

High-intensity magnetic separation, electrostatic separation and decrepi- 
tation are expensive operations, justified only when the simpler and cheaper 
processes fail. 

The unit value of the economic mineral in an ore sets the limit to which 
the ultimate pursuit of that mineral in the mill can be carried profitably. 
It is apparent that the pursuit of gold, with a market value of $20 per oz., 
can be carried further and prosecuted at greater expense per unit weight 
recovered than that of silver at $0.60 per oz.; that silver can be sought more 
carefully and to a greater extent than copper; copper than lead, and lead 
than iron. It follows also that minerals of highest unit value may be profit- 
ably recovered from ores in which their dissemination is most scanty, and these 
ores are frequently the ones that require the greatest number of machines, 
z.e., the greatest complexity of flow-sheet, for successful treatment. 

Unit value has another phase, involving transportation and smelting 
charges. From the point of view of the mill operator the important unit 
value of his product is that in concentrate as delivered from his plant. The 
value of lead per pound in high-grade concentrate near a Missouri smelter 
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may easily be higher than that of copper in a low-grade concentrate several 
hundred miles from a smelter in Arizona. Similarly the net value of an ounce 
of gold in low-grade cyanide-process bullion, salable at the mint, may well 
be so much greater than that of the same ounce when contained in pyritic 
flotation concentrate with high freight and smelter charges yet to be paid 
that cyaniding will be the cheaper mill process notwithstanding probable 
greater costs and possible greater losses. 

Mill tonnage. The size of the ore body and daily tonnage are closely 
related, especially if one accepts the Hoover theory of the economic life of 
mines (H. C. Hoover, Principles of mining, McGraw-Hill, 1909). Apart 
from this theory, a large ore body usually means a large daily tonnage and a 
long life, both of which elements justify large expenditures for plant and permit 
a multiplicity of treatment and re-treatment operations that would not be 
economically possible at small, short-lived mines. Consequently, all other 
things being equal, the flow-sheet at a large mine has more steps and is more 
complicated than that at a small mine. 

Grade of ore. High-grade ore yields a higher recovery with a given grade 
of tailing than low-grade ore of the same metal, and, of course, more money 
per ton treated. A-mill treating high-grade ore may find it economy to dis- 
charge a tailing assaying higher than the feed to a low-grade mill. In such 
case the flow-sheet of the high-grade mill may be and usually is simpler than 
that of the low-grade mill. This is particularly the case as between high- 
grade mills in isolated locations and low-grade mills near lines of transpor- 
tation. Ordinarily, however, high-grade mills have the longer and more 
complex treatment schemes in proportion to the extent of treatment neces- 
sary to reduce the mill pulp to the metal content of the low-grade ore; both 
seek to make the same grade of tailing; both must give substantially the 
same final treatment, therefore, before discharge; but in the high-grade mill 
the process of impoverishment must be gradual, if it is to be efficient, hence 
in this mill a certain amount of preliminary concentration is necessary that 
is unnecessary in the low-grade mill. 

Location of plant. (See also Sec. 23.) The principal angles from which 
plant location affects the flow-sheet are with respect to water, transportation 
and metal-buying centers. If water in excess of requirements for power 
and domestic use is lacking, flotation and water-gravity concentration are 
debarred and the ore must be transported to water (or, of course, water to 
the ore), or some method of dry concentration such as hand-sorting, magnetic 
or electrostatic separation, or air-cleaning must be employed. If ordinary 
transportation facilities are lacking, the flow-sheet must be one employing 
only machines of such size and weight (and, therefore, capacity) as can be 
brought in by means of the transportation available, and the process should 
be one that requires the minimum of outside supplies and provides a finished 
plant product of minimum bulk. 

When transportation facilities are the poorest, economic necessity may 
dictate the location of a crude smelter at the milling plant. This is particu- 
larly true, if such crude smelting treatment as is possible results in con- 
siderable diminution in bulk of the plant product without too great loss of 
values. Ordinarily, however, milling-plant product must be transported 
to smelters, which are so located as to draw ores and concentrates from a con- 
siderable radius, and to be close to a source of fluxes and to a source of fuel 
or a direct and cheap fuel-transport line. In such case the proximity of the 
milling plant to the smelter is of considerable moment in determining the 
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character of the plant product and, therefore, of the plant flow-sheet. If the 
plant is near the smelter, then, all other things being equal, a lower grade of 
concentrate containing more moisture is permissible than when concentrate 
must be hauled a considerable distance. This makes for a simpler flow- 
sheet. In general, the greater the distance to the smelter, the smaller the 
bulk of concentrate must be and the greater the complexity of the plant 
required to produce it. 


SECTION 2 


METALS AND MINERALS 


PROPERTIES, USES, ORES, PRODUCTION, SELLING, TREATMENT 
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1. Introduction 


A mill is essentially a manufacturing plant for which the ore constitutes 
the raw material and the concentrate the finished product for market. Hence 
it is necessary for the designer and operator to know all that is possible about 
the kind and source of raw material available and the demand for and desti- 
nation of the finished product. The fact that the mill owner is also usually 
the mine owner is not sufficient insurance as to the adequacy or kind of raw- 
material supply, nor is the further fact that one or more other manufacturing 
processes usually intervene between the mill and the ultimate consumer 
sufficient to excuse ignorance as to the general character of the final use of 
the mill product. Most mill managers are well acquainted with the demands 
of the immediate purchasers of their products, but these demands are some- 
times based as much on the ignorance of the managers as upon the require- 
ments of the consumers, and may be favorably modified in proportion to 
increase in the manager’s knowledge. Omniscience is not expected nor 
required, but the further the operator advances from the attitude that his 
responsibility starts with the ore in the mill bins and ends with the concentrate 
in the railroad cars, the greater his value. 

The elements determining the administrative problems of mill design 
and operation are: (1) The characteristics of the particular ore; (2) statis- 
tical facts as to world distribution and production of similar and dissimilar 
ores of the same metal or mineral; (3) uses of the finished product; (4) 
prices, current and for a sufficient time in the past to form a basis for judg- 
ment as to future trend; (5) mill-treatment schemes on the same and similar 
ores; (6) costs of milling similar and related ores. 
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Ore. The quantity and quality of ore available, either actually blocked 
out in the mine or positively indicated by geologic data, determine whether 
a mill should be built, and, if so, are also factors in the problems of capacity 
and type of construction. The mineralogical character of the ore determines 
the treatment scheme. Mill construction should never start until the exist- 
ence of an amount of ore of paying quality, sufficient to repay the mill invest- 
ment with interest, is established. Mill capacity is determined by poteritial 
mine capacity, first cost of mill construction, and demand for the mill product. 
Type of mill construction is determined by kind and size of machinery, 
probable life of mine, and relative costs of different materials. See also 
Sec. 23. : 

Production. Prices. Uses. District, state, national and world pro- 
duction are obtainable from publications of the U. S. Geol. Survey, the U. 8. 
Department of Commerce, and various technical publications (see p. 14). 
Study of these together with average prices over a period of years, obtainable 
from the same sources, furnishes a basis for judgment as to the market for 
mill products, possible competition, ete. Knowledge of uses will tell some- 
thing as to the probable stability of demand, wide and varied use tending 
toward stable, increasing demand. 


The increase in the use of closed bodies for automobiles resulted in a great increase 
in the demand for aluminum, while the present tendency toward the use of fiber bodies 
threatens a decrease in this demand. Continued increase in centralization of power pro- 
duction together with the almost certain electrification of long stretches of railroad will 
result in increased demand for copper and aluminum. On the other hand, the enormous 
and relatively high-grade copper deposits of Central Africa are a potential damper on 
any great increase in copper prices for a considerable time. 

In the case of certain substances, such, for instance, as zine, graphite, molybdenite, and 
garnet, the grade of concentrate or its physical character, as dictated by the use, is highly 
important in determining the price of the mill product and even the existence of any market 
therefor. 


2. Flow-sheets 


The flow-sheet best suited to a given ore depends upon the physical char- 
acter of the economic mineral and of the gangue with which it is associated, 
the ruling size of the particles of economic mmeral, the size of the ore body, 
the daily tonnage, the unit value of the valuable constituent, the grade of the 
ore and the location of the plant with respect to markets, water, tailing- 
disposal space, etc. In simplest fundamentals, all concentration flow-sheets 
are alike in that all contain machines for severing valuable from waste mineral 
followed by other machines for separating the severed constituents. Further 
than this, however, identity ceases and cursory examination of a number of 
mill schemes taken at random shows a bewildering complexity. There is, 
nevertheless, a distinct: order, which becomes apparent when the flow-sheets 
are analyzed in the light of the controlling factors above enumerated, and 
certain kinds of machines and definite sequences of these machines are found 
to occur with considerable regularity, coincidentewith similarities in funda- 
mental conditions. This fact is not, of course, any chance or statistical 
agreement, but the result of recognition by flow-sheet designers of certain 
basic principles of design. Numerous variations in minor details are ob- 
servable, which are to be attributed to local ideas or traditions, special avail- 
ability of particular pieces of apparatus, or individual predilections of certain 
designers, but in the matter of fundamentals, arbitrary differences disappear, 
and the elements of the flow-sheets can be referred to a few definite principles 
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The important determinative characteristics of the ore are: kind of valu- 
able mineral, kind of associated gangue minerals, relative quantities of valu- 
able mineral and gangue, and size of valuable-mineral particles. The most 
important mineral properties, from the viewpoint of flow-sheet design, are 
specific gravity, surface energy, magnetic permeability and fracture. 


Specific gravity. The important consideration is the ratio of specific gravities, each 
decreased by one, of the minerals to be separated. If this ratio is greater than two (the 
heavier mineral in the numerator) reasonable separation can be effected without too great 
difficulty; if the ratio is near one, it is difficult to get a high-grade concentrate, low-grade 
tailing is substantially impossible to obtain, and the tonnage of middling is very large. 
With a ratio of 2.5 it is possible to get clean concentrate, but difficult to get low-grade 
tailing and the tonnage of middling is large. With a ratio of 3 or more, gravity concentra- 
tion is easy in all sizes down to the finest sands. No difference in specific gravity that 
exists between minerals is sufficient to make clean gravity separation of slime possible 
for the reason that with such fine particles the relation of surface to volume (and weight) 
is so large that the surface forces resisting settlement of the particles in fluids are sufficient 
to mask or completely nullify the effect of specific gravity. 

Luster. If there is a marked difference in luster between valuable mineral and gangue, 
such as, for instance, exists between the metallic sulphides and the rock-forming silicates, 
flotation concentration can be used. Flotation, however, labors under a disadvantage con- 
verse to that suffered by gravity concentration in that it cannot be practiced on particles 
greater than 0.2-mm. diameter, and better not on particles larger than 0.15- or even 0.1-mm. 
size. Hence when the valuable mineral occurs in coarse aggregates and sufficient difference 
in specific gravity of the ore constituents exists to permit gravity concentration, flotation 
should ordinarily be an adjunct to gravity separation, unless the ratio of concentration is 
high and no gravity-concentration tailing can be made economically. 

Magnetic concentration is employed under two general conditions, viz.: (1) when the 
valuable mineral is magnetite, (2) when the valuable and waste minerals are close together 
in specific gravity, not amenable to sharp separation by flotation and one is sensibly per- 
meable to magnetic lines of force and differently permeable from the others. Magnetic 
concentration of highly permeable minerals can be practiced at all sizes below 2-in.; if 
the minerals are of low permeability, fine crushing is necessary. 

Fracture. Concentration dependent upon difference in fracture of the ore constituents 
has limited application in treatment of metallic ores but is important in separating slate 
from coal. 


Ratio of concentration. If the ratio of concentration (Sec. 22, Art. 15) 
of an ore is high, the flow-sheet should be of such character that concentration 
is effected at one size, in order to lessen the variety of concentrating machines 
and to permit use of large units with correspondingly low capital and operat- 
ing charges. Under such circumstances the crushing plant may be greatly 
simplified, a minimum number of screens and classifiers is necessary, and 
expensive elevation and horizontal transport of pulp are greatly lessened. 
The all-flotation porphyry-copper mills are typical of this type of flow-sheet. 
If coarse tailing can be discarded and ultimate fine grinding is necessary, as 
for instance, is the case at the Musazi Iron Co. (Fig. 88) and ALaska Gas- 
TINEAU (Fig. 75) some elaboration of flow-sheet is justified in order to save 
the cost of grinding low-grade material. If the ratio of concentration is low 
and, as usually follows, the valuable mineral occurs in coarse aggregates, a 
complicated flow-sheet with a multiplicity of screens, classifiers and concen- 
trating machines of varied types may be justified on the grounds that coarse 
concentrate is usually of higher grade than fine, is more cheaply and efficiently 
smelted, that an appreciable tonnage is diverted from the grinding machines 
and over-all recovery is bettered. The basis of the final statement is that a 
particle of, say, a size that would go into coarse-jig concentrate will, if broken, 
form some slime particles, and since the recovery of slime particles is never 
perfect, a part of this broken particle is discarded as tailing, with resultant 
lowering of recovery. If slime recovery is efficient, this argument has but 
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little weight and a coarse concentrator must justify its inclusion on the first 
three grounds mentioned. Flotation is so efficient, and the size that can be 
handled on shaking tables has increased so greatly in recent years, that jigs 
have been eliminated from many mills. Such elimination, in addition to 
simplification of flow-sheet, permits removal of several screens and saves 
water, labor, considerable maintenance, floor space, head room and may even 
lessen the total power consumption. Tables are almost always used with 
ores of low concentrating ratio, if gravity concentration is feasible, even when 
flotation is most efficient. The flotation machines can make a lower-grade 
tailing with low-grade than with high-grade feed, some burden is taken off 
the grinding machines, and the cost of dewatering granular table concentrate 
is much less than that for flotation concentrate. 

Rich ores both require and can stand the cost of more elaborate treatment 
than poor ores; large ore bodies justify not only larger but more elaborate 
mills than small; and valuable substances such as gold, silver and tin can, 
economically, be pursued further, z.e., according to a more elaborate flow- 
sheet, than lead, zine or iron. When freight rates are high or smelter pen- 
alties for impurities great, extensive (and expensive) treatment designed to 
raise the grade of concentrate is justified, or high-grade concentrate may 
be made at the expense of a low recovery, while with low concentrate-treat- 
ment and transportation charges, the flow-sheet should be designed for high 
recovery with less attention to the grade of the final product. 

Tonnage is an important factor in flow-sheet design. If tonnage is small, 
say less than 500 tons per 24 hr., the simplest type of flow-sheet, only, should 
be considered, even when a low ratio of concentration might indicate an 
elaborate mill. Multiplication of machines under such circumstances makes 
for small and relatively inefficient units and increases capital and operating 
costs out of proportion to the savings otherwise effected. When tonnage 
is large, a mill is designed in independent sections, the flow-sheets of which 
are substantially the same, the tonnage going to each section being determined 
usually as that of the largest-tonnage unit or convenient group of units. The 
advantages of such design are: (1) that it permits one or more sections to be 
shut down for repairs, curtailment or the like without affecting the efficient 
operation of the balance of the plant, and (2) that responsibility for efficient 
operation of machines can be localized and a competitive spirit engendered 
between the workmen. Capacity is readily increased by adding sections 
without materially affecting current operations. 

Water supply. Scarcity of water may dictate dry treatment when other- 
wise wet treatment was indicated, as e.g., at some coal-cleaning plants; it 
may make it necessary to plan for a smaller daily tonnage than otherwise; 
and it usually requires inclusion in the flow-sheet of a more or less elaborate 
water-reclamation system. 

Essential elements of a flow-sheet are crushing, grinding, concentrating, 
concentrate handling, sampling and weighing, storage and transportation 
of pulp. The first three of these elements, in any flow-sheet, are primarily 
dependent upon the ore as delivered from the mine; concentrate handling 
depends upon the method of concentration and upon the after-treatment 
of the concentrate; sampling and weighing are matters of efficient mill con- 
trol; and storage and pulp transport are solely mechanical features, sub- 
stantially independent of the character of the ore and of the process of con- 


centration, but of supreme importance from the standpoint of smooth and 
efficient operation. 
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General bibliography for metals and minerals 


1. Mineral resources of the U. S., Annual, U. S. Geol. Survey. 
2. Mineral Industry, Annual, McGraw-Hill Book Co., N. Y. 
3. The marketing of metals and minerals, J. E. Spurr and F. E. Wormser, 
_ McGraw-Hill Book Co., N. Y., 1925. 

4. Non-metallic minerals, R. B. Ladoo, McGraw-Hill Book Co., N. Y. 
1925. 


5. Engineering and Mining Journal, annual review numbers and weekly 
price lists, 


3. Aluminum, Al. 


Properties.. Metal; bluish-white, lustrous, highly malleable and ductile; TeNsrLE 
STRENGTH, pure cast aluminum, 18,000 lb. per sq. in.; rolled sheet and wire up to 40,000 
lb. per sq. in.; ELASTIC LiImIT from 8500 lb. per sq. in. for castings to 33,000 lb. per sq. in. 
for fine wire. (See also Table 1.) Av. wer., 27.0. Practically unchanged in air due to 
rapid formation of a thin, firmly-adhering layer of aluminum oxide. Substantially without 
action on water at any temperature. Reacts with strong bases to form aluminates and 
with hydrochloric and sulphuric acids to form corresponding salts. With nitric acid oxida- 
tion takes place and the film of oxide protects the metal from further action. Organic 
acids attack pure aluminum only slightly. Aluminum ion is tri-valent. Aluminum alloys 
readily with copper, zinc, tin, nickel, magnesium and tungsten. 

Uses. Aluminum metal is used for structural shapes and castings where lightness is 
essential, principally in airplane and automobile construction; electrical transmission, 
cooking utensils, scientific instruments, alloys, lithographic work as a substitute for stone 
or zinc, de-oxidation of steel in casting, thermit welding, explosives, etc. Bauxite, beside 
its use as a source of metallic aluminum, is used for manufacturing aluminum chemicals, 
for making abrasives such as alundum, and for refractories. 


Ores. Aluminum is widely distributed as a large constituent of many 
different minerals, but extraction is commercially possible only from bauxite 
and cryolite. Bavuxirr occurs as pisolites and clay-like masses in pockets 
or lenses in residual clays. CRYOLITE occurs as lenses or veins in metamorphic 
rocks. At present bauxite ores form practically the only commercial source 
of aluminum. Principal economic occurrences of bauxite in the United 
States are in Georgia, Alabama, Tennessee and Arkansas. Principal foreign 
localities are France, Italy, Dalmatia and British Guiana. Analyses range 
from 50 to 60 per cent. Al,O3, 2 to 20 per cent. SiOz, 1 to 25 per cent. FesOs 
and 1 to 8 per cent. TiO». 

Production statistics are given in Tables 2, 3 and 4. 


Table 2. World’s production of aluminum (thousands of metric tons). (After Mineral 
Industry.) 


° Ger- | Great Switzer- ; 
Year|Austria} Canada] France mdm Britain Italy |Norway tend U.S. Total 
1913 5 6 13.5 0.8 10 0.9 2.5 10 29.5 78 
1914 4 6.8 10 0.8 8 0.9 2.5 10 40.6 83 
1915 2.5 8.5 6 2 6 0.9 3.5 12.5 45 87 
1916 5 8.8 9.6 8 4 KI 6 15 63 120 
1917 5 11.8 11 15 6 Liz 8 15 90.7 164 
1918 8 15 12 25 14 V3 7.5 15 102 200 
1919 5 15 10.3 15 10 ie 4 15 90 166 
1920 2 10 12.3 10 8 19 5 12 90 151 
1921 2 6 10 10 5 0.7 4 10 28.8 76 
1922 4 9 12 12 9.5 0.6 6 12 52 117 
1923 4 16.5 12 13 9 1.5 14 12 97 179 
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Table 3. World production of bauxite (in thousands of metrie tons). (After Mineral 


Industry.) 
Country 1917 | 1918 1919 | 1920 | 1921 | 1922 1923 
Austria: | | 

Dalmatia. ; 135 94.5 b c c c c 

OS ae 28 70 b Qt Tae a td d 

ah odes gn tae wares Beisel \icabattte O04 [2.6 7 Ae 2.7 
British Guiana... 2.8 43 2 32 en ee 2 112 
British India.... 1.4 12 ba 64 6.8 5 Te 
Dutch Guiana..|......... | bx Pee Its Je peace ae eee aes ee 13.8 2e 
France......... | 421 |. 145 | 159 PO7! Le bes 139 314 
Germany... 10.8° | 14.4 9.4 13509) ee CE i2e be 
Hungary....... 28.6 | oe Pepslary bl! rn 16 b b 
OSTA ase eatis | fei FAP | heel beds. dee ls d-..25.a-oe eb. 12e 12e 
Italy..... iS i: aR 13.1 49 67 98 
Yugoslavia { / 

Dalmatia..... &F PRONG a 28 7d) p10 31 50e 
Bomutniear: all. 41; - fysterl beri OrS idol t¥8 0:5. dee 0.2. 1c wear ene 
United Kingdom) 15 | 9.7 | 9.4 Mae 26.1 oe 4e 
United States.| 378 | 615 | 383 | 530 | 142 | as 553 

otal! vii. | 928 963 ) 569 / 902 | 380 | 610 | 1180 


a Reported under Austria. 6b Figures not available. c Reported under Yugoslavia. 
d Reported with Italy. e Estimate. f Mines down. 


Table 4. Production of bauxite in U. 8. ( thorenside of long tons). (USGS) 


} / : } 

| Year | Ga, Ala., Tenn. | Ark. ) Total 

‘See ieee itis 
1914s 24 195 219 
1915 | 28 269 297 
1946 49 376 425 
1917 / 62 507 569 
1918 43 563 606 
1919 43 | 333 376 
1920 40 481 } 521 
1921 15 | 125 ) 140 

| 1922 43 267 310 

1923 29 } 494 523 

1924 } 35a 345a 380a 


a Estimate (119 J 94). 


Selling. (118 J 851.) Prices for 99-per cent. aluminum metal since 1913 are 
given in Table 5; 98-per cent. metal is quoted about one cent less per pound. 
Metal prices are not necessarily an index to prices for mine products for the 
reason that extraction of metal from bauxite in the United States is a virtual 
monopoly, protected by a high tariff, and intrenched against competition 
by the extreme costliness of plant. Average prices for bauxite at the mines 
bave ranged, since 1913, from $4.75 per long ton in that year to $6.04 in 
1923, with a high of $6.38 in 1921. Open-market quotations on domestic 
bauxite in 1924 ranged from $5.50 to $8.75 per long ton, depending on purity, 
and imported at $5 to $7.50 per ton at eastern ports. These prices also must 
be used with caution, since the Aluminum Co. of America, which is the prin- 
cipal user, is also the largest mine owner. Requirements as to composition 
of bauxite vary according to the use. Alumina content should be 50 to 52 
per cent. Al,O; as a minimum. Low silica (less than 7 per cent.) is required 
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for aluminum manufacture and Fe,0; should not exceed 6.5 per cent.; low 
iron and titanium (2.5 to 3 per cent. maximuni) are preferred in the manu- 
facture of aluminum chemicals, but silica 

Table 5. Price range of aluminum at Way be high (15 to 20 per cent.); _for 
New York (99-per cent. grade; cents manufacture of aluminum abrasives silica 
per pound) (a) and ferric oxide should be less than 5 per 


cent. each and titanium oxide less than 4 
Year AV erage per cent. For refractories, iron and ti- 
1913 23.6 tanium must be low but silica may be 
1914 18.6 high. 2 
1915 34.0 Treatment. Practically all the bauxite 
ac oe now mined is of sufficiently high grade 
ee ae so that no mechanical separation from 
1919 3202 associated minerals is necessary. In the 
1920 827 past loose mixtures of bauxite and clay 
tees aris have been concentrated in log washers, 
1923 25.4 but the low-grade deposits cannot compete 
1924 286 at present. Treatment at one large plant 


consists of coarse breaking, the hard rock 
a Eng. and Min. Jour. in gyratories, the soft in Fairmount 
6 Approximate. crushers; followed by drying in coal- 
burning rotary kilns, about 7 X 50 ft., 
at a temperature near 1100° F.; thence to a cooling conveyor and shipping 
bins. Residual mechanically-held moisture is from 0.5 to 1 per cent. The 
bauxite also contains from 15 to 33 per cent. combined water, which, if the 
ore is to be used for abrasives and refractories, is driven out by heating at 
about 2000° F. in 6 x 60-ft. kilns, leaving a total moisture content of about 
0.5 per cent. Simpler methods of the same general character are followed 
at smaller plants. Some mines ship the ore as mined, but this is extremely 
uneconomical, if the haul is long, on account of the high water content. 
Aluminum is obtained from bauxite by electrolysis in a fused bath of 
eryolite. The best grades of metal contain 99.5 to 99.9 per cent. Al; poorer 
grades, 94 to 96 per cent. Al. Impurities are Fe and Si. Grade of finished 
metal is largely dependent on purity of bauxite, 


4. Antimony, Sb 


Properties. Metal, silver-white, lustrous, hard and brittle. (See also Table 1.) Impur- 
ities dull the luster and make the metal less crystalline. Av. wer., 121.8. Unacted upon by 
dry air at ordinary temperatures but burns in air, if sufficiently heated, forming dense 
fumes of white oxide. Slightly tarnished by moist air at ordinary temperatures. Decom- 
poses water at red heat. Oxidized by nitric acid. Dissolves in aqua regia and hot con- 
centrated sulphuric acid. Antimony ion is tri-valent and quinque-valent, acid, and both 
base- and acid-forming. Antimony alloys freely with other metals. 

Uses. Antimony metal bas little or no use as such. The principal use is in alloys such 
as Babbitt metal, Britannia metal, shrapnel lead, hard lead for plumbing and similar pur- 
poses, type metal, white metal, pewter, storage-battery plates, solder and various other soft 
metals used in making foil, 1neta! tubes, ete. Antimony persulphide is used in vulcanizing 


rubber, the trisulphide for safety matches, and the powdered metal, trioxide and trisulphide 
are all used for pigments, 


Ores. The economic minerals are stibnite, senarmontite, valentinite 
and cervantite. Ores are found in most countries, but the Chinese deposits 
around Changsha yield 80 to 90 per cent. of the world supply. These 
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deposits consist of stibnite of remarkable purity occurring as pockets and 
bunches in dolomitic limestone. 
Production. See Table 6. 


Table 6. World’s production of antimony (metric tons). (USGS and MI) 


Country 1913 | 1914 1915 | 1916 | 1917 1918 | 1919 | 1920 | 1921 | 1922 


United States a a 1,760 | 1,420 310 AS li. J ONL teu olka datos 


Algeria...... 186 320} 2,740 | 8,940) 4,550} 2,218 605; 1,000 103 530 
Bolivia... ju 30 102) 9,859 | 15,077| 12,860] 4,770 105 588 SSG. tehette 
China......./ 13,032 | 19,647] 23,357. | 42,800] 31,000) 18,1126] 8,923] 13,109] 14,752] 14,316 
France: ... .... 5,170 540 893 | 2,430) 2,354) 1,329 976] 1,413) 1,118 814 
Mexico......| 2,340 | 1,570 2006 829) 2,647) 3,269 G28 cL OT2| sek, 457 
WVACE OTIS seas 960 890} .1;300 |--1320) eed « 576 580 375 150 730 
Others... ... 2,798 490} 3,071 | 8,818) 3,445 440 138) 1,691 ABS ann. 


Total. . .| 24,516 | 23,559) 43,180 | 81,634] 57,166] 30,759 | 11,955) 19,748] 16,947]...... 


a No antimony metal produced from ores but considerable as a constituent of hard lead 
from lead ores containing antimony. 6 Data incomplete; probably larger. 


Selling. Market demand is for antimony metal or rEcuLUS containing at 
least 99 per cent. antimony, as little arsenic as possible and of uniform quality. 
Because of the fact that the trade has become accustomed to a radiating 
crystalline structure, caused by doing 
the final refining beneath a layer of flux, Table 7. Yearly price range of anti- 
it is practically necessary to market the monymetal,\centsiperpound: (J) 


metal in this “‘star” condition, although 
equal purity may be obtained in a different | Year Price 
physical state. Average New York price ious = 
since 1913 is shown in Table 7. Supply 1914 8.8 
is far in excess of demand under normal 1915 29.5 
conditions. a ms ab 8 
Treatment. (§ AJM 196). Only high- 1918 12°6 
grade ore is mined, most of which is 1919 8.2 
sufficiently concentrated by crude hand 1920 8.5 
picking. If further concentration is ae a 
necessary, it may be readily effected by 1923 79 
liquation at a low temperature. Both 1924 10.8 
methods are extremely wasteful (liqua- ke Ie Hee yer 


tion losses may run as high as 30 per 

cent. antimony) but only high-grade material can be shipped from isolated 
districts to the smelters and even in the period of high costs during the 
war it was considered more economical to bear the losses attendant upon 
these crude methods than to practice more refined (and hence more costly) 
concentration methods. Three methods are used to recover metal from 
concentrate. (1) Roast to the volatile trioxide or non-volatile tetroxide 
and reduce to metal in furnaces or crucibles under a flux of sodium chloride, 
soda ash or sodium sulphide. (2) Fuse the sulphide in crucibles with metallic 
iron and suitable fluxes, producing iron sulphide and crude metallic antimony, 
and refine the latter by fusion in a reverberatory furnace or crucible with 
potash, antimony sulphide and other fluxes. (3) Electrolysis of a solution 
of stibnite in sodium sulphide. This produces substantially pure metallic 
antimony in powdered form and this must be melted down under fluxes to 
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produce the “Star-brand” ingots. Antimonial or HARD LEAD containing 
10 to 20 per cent. Sb is obtained as a by-product in smelting and refining 
antimonial-lead concentrate. 


5. Arsenic, As 


Properties. Metal; steel-gray, lustrous and crystalline, or black, dull and amorphous; 
brittle. (See also Table 1.) Av. wer., 75.0. Unaltered in dry air, becomes tarnished in 
moist air, burns at 180° C. in air or oxygen with bluish flame forming arsenic trioxide. 
Not attacked by water. Does not dissolve in hydrochloric or sulphuric acid or bases, 
but is slowly oxidized and dissolved by nitric acid. Combines directly with most elements. 
Arsenic is tri- and quinque-valent and both base- and acid-forming. It alloys with many 
metals, almost invariably forming a brittle alloy. 

Uses. The principal uses are for insecticides such as Paris green and lead arsenate 
for plant sprays and calcium arsenate for boll-weevil extermination. Sodium arsenite is used 
in considerable quantities on railroads and highways for a liquid weed killer. The white 
oxide is used in glass making to mask the coloring effect of metallic oxides and impart 
brilliancy. It is also used in making sheep and cattle dips. The red and yellow sulphides 
are used for pigments in paints, calico printing, dyeing and tanning. Small amounts of the 
element are used for certain alloys, principally lead shot. 


Ores. Arsenic occurs as a constituent of 30 or more minerals (Hess, MR, 
1914 p. 967) but the principal sources are arsenopyrite, arsenides and sulph- 
arsenides associated with ores of lead, copper and the precious metals, the 
arsenic being a by-product. Arsenopyrite is mined for the arsenic content 
in a few places. Realgar and orpiment occur as vein minerals associated 
with barite, stibnite, quartz, pyrite, and precious metals, but there is little 
or no mining of such deposits for arsenic content. 

Production. See Table 8. 


Table 8. World’s production of white arsenic (in metric tons). (MR and MI) 


Country 1913 | 1914 | 1915 | 1916 | 1917 | 1918 | 1919 | 1920 | 1921 | 1922 | 1923 
United States...| 2280) 4237, 4988) 5430) 5580} 5736] 5469| 10,434) 4342) 9096] 12,947 
G@anadain: 2. 1535) 1576) 2174) 1983) 2663) 3230) 3075) 2,231) 1353) 2337) 3,307 
ira nce en its. dhehe Ts 132} 323} 874) 677) 993} 735 G0Gitrpavee. ee eal: meee 
Germany....... 1892} 1637} 1456} 1280) 2081) 3592} 1475} 2,077; 2000) 2000|...... 
Japan .p0 on en 21 15 5 epee: tee 245) 835 933) 1395)" 2041). 2. 
INOS a WX olee NS ae eel [eign cael aeons ta Neca el fap ear 1285} 1881) 2246) 2,183 785 2T Rie ae 
Portugal)-c. ©. /: 925!) 960, S809) 1c- ..ciltaek ose eer td 536 653 268).34.., Paes 
United Kingdom) 1722) 2020) 2536] 2585) 2668] 2387) 2568| 2,029| 1049 OOP araae te 
@thers) (a)ic 3. 3: 600} 235} 140) 560} 820) 425] 1120} 2,160; 1910) 2865)...... 


a Includes Belgium, China, Greece, Queensland, Rhodesia, Spain, Union of South Africa. 


Table 9. Price range of arsenic trioxide. Selling. The commercial form is the 


fate Dist) trioxide, 99 per cent. or better purity, 

2 white and finely powdered. A small 
Year Cents per Ib. amount of lower-grade off-color ma- 
1916 3.5to 8 terial is sold. The price has increased 
1917 8.2 to 15 in recent years due to the growing 
cons Haas a: , use of calcium arsenate in controlling 
Git com ms ips boll-weevil damage to cotton. Produc- 
1921 7 to12 tion facilities have increased greatly 
1922 6.9 to 14.5 as a result until now they are probably 
ae : i me in excess of normal demand. Range 
of 5-yearly average prices of trioxide 
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from 1901 to 1915 was 2.74 to 3.15 cents per lb. Range since 1915 is given in 
Table 9. 

Treatment. Arsenical fumes and dust from bag houses and Cottrell 
precipitators in lead and copper smelters are calcined or roasted in reverbera- 
tory or special furnaces and the fume condensed in an ordinary flue system. 
This fume is known as black dust and contains about 90 per cent. As,O3. It 
is refined in a coke-fired furnace connected to a special flue system in which 
the refined (+ 99 per cent.) As»Q, collects. 


6. Asbestos 


Properties. Asbestos is a name describing a fibrous form of several different minerals 
rather than the name of one definite mineral. The usual minerals that occur in fibrous 
form and are classed as asbestos are chrysotile, 3 MgO-2 SiO,-2 H90, a variety of serpentine; 
tremolite, CaO-3 MgO-4 SiOo; actinolite, CaO -3(Mg,Fe)O-4 SiOg; crocidolite, 
NaFe(SiO3)o:FeSiO3; and anthophyllite (MgFe)O-SiO:, all varieties of amphibole. 
Another variety of amphibole recently discovered in South Africa and there mined is called 
amosite. Its ANALYSIS, compared with average analyses of chrysotile, crocidolite and 
anthophyllite is given in Table 10. Sp. ar. of chrysotile is 2.2 to 2.65 and of the amphibole 


Table 10. Analyses of asbestos minerals. (After Ru Keyser, 113 J 619) 


Chrysotile a | Crocidolite b Amosite c | Anthophyllite e 

DiGorwrs ke ae ee toe. ee 40.49 51.64 50,24 57.12 

PANS ANGE ELL ED AIE ENE 5 coca s LSE M7 OR Bere ewe ero rp wee Ae Me Se 0.75 

FeO. . es GRATE CRO TC OEE) RERSARNSITS Er 7.80 6.36 
as; AA eo ohnnc 2.53 34.38 32.00 : 

MgO 41.41 2.64 3.96 29.44 

AO MAAN ores Shout cerca: Me Ben ance: aces 0.05 Tr; 2 SY ee Pee a 
NaS OMMISRAL ho See onl Pe EN OT ON seeing 
Wis ber Am merencite Gee futetion ets 14.06 4.01d 3.00 5.47 


a Cirkel, F., Chrysotile asbestos, its occurrence, exploitation, milling and uses, 2nd ed., 
Mines Branch, Canada Dept. of Mines,1910. 6 Dana, System of Mineralogy. c Private 
analysis. d Ignition. e Asbestos, 1913-1919, Imperial Mineral Resources Bureau (Great 
Britain), 1921, p. 6. 


varieties, 2.9 to 3.2. LenorH oF FIBbR ranges ordinarily from 1% in. or less to 1144 or 
2 in.; exceptionally fiber as long as 24 in. has been found. Amosite fiber is longer than 
the average. Fiber strength and flexibility, fineness of fiber, and resistance to heat and 
acids are important elements in judging the value of asbestos. Chrysotile has high flexi- 
bility and medium strength and resistance to heat and acids. Crocidolite has higher 
tensile strength than chrysotile but less resistance to heat. Anthophyllite has low strength 
and flexibility but high resistance to heat and acids. Amosite has less strength and flexi- 
bility than chrysotile, but is similar in its resistance to heat and acids. 

Uses. Asbestos is used widely for purposes involving resistance to acids and to rela- 
tively low degrees of heat. Long-fiber material is consumed principally in making auto- 
mobile brake bands; other uses are for fireproof curtains and articles of clothing, packings 
and gaskets, thread and wicking, electrical insulation, chemical-laboratory apparatus and 
supplies, etc. Short-fiber grades are used in making shingles and asphaltic roofings, pipe 
coverings, paper and millboard, and asbestos cements that are used for heat insulation on 
hot and cold pipes, stoves and furnaces, fireproof safes and the like. 


cH Asbestos fiber occurs in three forms in the country rock, known 
respectively as cross-fiber veins, slip-fiber veins and mass fiber. In cross- 
fiber veins the filaments are oriented at right angles to the vein walls. Fila- 
ments in slip-fiber veins are not so regularly oriented as the cross-fiber, but 
such orientation as exists is generally parallel to the vein walls. Mass fiber 
occurs in unoriented masses disseminated through the country rock. Cross- 
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fiber is much the best from the point of view of fiber length. The veins of 
asbestos occur in association with serpentine in limestone and dolomite and 
in altered peridotites. 

Production. The United States is the principal consumer of asbestos 
but a negligible producer. Imports of unmanufactured asbestos have in- 
creased from 64,000 long tons in 1914 to nearly 190,000 in 1923, while pro- 
duction since 1918 has ranged between 67 tons minimum in 1922 and 1650 
tons maximum in 1920. Canada is the principal world producer, with a 
record volume of 233,000 short tons in 1923. In the same year Rhodesia 
produced about 20,000 tons; Union of South Africa, 8400 tons; and seattered 
small amounts were mined in Australia, Corsica, Cyprus, Madagascar, New 
Zealand and Russia. The latter country exported about 11,000 tons annually 
before the revolution. 

Selling. Fiber is graded differently by different producers, but in general, 
the grading corresponds approximately to that shown in Table 11 (114 J 277). 
The average price of all grades sold in Canada ranged between $10 and $20 
per ton from 1912 until 1916, when it began to climb, reaching $80 in 1919. 
The peak was reached in 1921. In that year No. 1 crude sold at $3000 per 
ton compared to $850 in 1913. 


Table 11. Grades and prices of Canadian asbestos. 


. Price (Oct., 1925), 

Trade name | Fiber length dollars per shoekibokd 
INO: Whetudex. Sy SV Pa ae. A BERET + 34-in. 400-450 
Noneeeriden:.... Wan Ala So bee Bee eek — 34, + %-in. 250-300 
Hiong spinning fiber... <P...6 6 dec as BERR eee 2-8—4-2a 110-175 
Magnesia and compressed-sheet fiber.......... 0-8-6-2a 75-110 
Pipe-covyerme fibers... fen S.-.- 24s 2 Gs bes ore 0-5-8-3a 100 
SHIM CTOESUOC Kink een he oe crohi eons de or sell CE RSE ae 0-144-9'4-5a 50-75 
Paperiend mill-board stock. Ss. feo) oe ee 0-0-10-6-—a 35-45 
Gement-stock JtA Mai. Dolores aie! 0-0-5-1la 8-12 
Broatssorzsh orgs (HCAS ae Re, SE OE OD PE eT SN 8-12 
Sarid). ety sions lwmss Ms Aon REP TUL [aie Leon teds 6-8 


a Mill fiber is tested in a standard machine consisting of three nested shaking screens, 
respectively 2-mesh ll-gage, 4-mesh 17-gage and 10-mesh 20-gage, and a bottom box. 
Screen frames and box are of wood, rectangular, 16 X 26 in. X 5 in.deep. A 1-lb. sample 
is placed on the top (coarsest) screen and the nest is mechanically shaken for two minutes 
at 300 r.p.m. Oversizes and final undersize are weighed in ounces and the weights in order 
from coarse to fine are recorded, as in the table. Thus 2-8-4-2 means 2 oz. on 2-mesgh, 
8 oz. on 4-mesh, 4 oz. on 10-mesh and 2 oz. through 10-mesh. 6b This is material finer 
than any of the preceding and containing much dust and dirt. 


Treatment of asbestos-bearing rock involves many problems not present 
in ordinary concentrating practice. In the first place, as may be seen by 
reference to Table 11, the value of long fiber is much greater than the value 
of the same material in shorter lengths, hence every endeavor is made to pre- 
vent fiber breakage. The valuable and gangue minerals are not of sufficiently 
different specific gravities to make them separable by gravity-concentration 
processes without close sizing, and the nature of the asbestos aggregates 
prevents such preparation. As a result of these facts a system of treatment 
has evolved that consists of coarse crushing, drying, screening, separating 
asbestos from screen oversize by suction, and subsequently separating rock 
dust from the sucked-up product by screening. This final screening is ar- 
ranged to divide the asbestos into market grades (see Table 11). Crushing 
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is carried down as far as possible in jaw and gyratory crushers because these 
machines do the least injury to fiber. Rolls are unsuitable as they mat 
together the fiber and associated clayey material. In the fine-crushing 
section free fiber is separated ahead of each crusher. Treatment differs 
somewhat according to whether the ore is of the cross-fiber variety or slip 
_ or mass-fiber rock. Ru Keyser (113 J 672) gives the generalized flow-sheets 
shown in Figs. 1 and 3 to illustrate typical Canadian practice. 


Recent experiment has indicated a good possibility that coarse fiber may be separated 
by jigging and fine fiber by tabling, the fiber discharging, irrespective of specific gravity, 
from the tailing outlets of the respective machines. The principle involved is the same 
as that which acts in the present screening practice, t.e., the fiber works to the top (more 
properly, the granular material works to the bottom) of a mass of rock and asbestos when 
it is sufficiently agitated to give the particles partial relative mobility, due to the fact 
that the elongated and somewhat fluffy asbestos bridges over the interstices in the mass 
while the granular rock particles enter these interstices and work toward the bottom. 
If further experiment proves wet separation effective, milling plants should be much im- 
proved. Dust with its evil mechanical and physiological effects will be largely eliminated, 
drying will be confined to a small proportion of the mill tonnage, and it should be possible 
to substitute cylinder mills for the relatively inefficient jumbos, cyclones, and the like. 


Typical slip-fiber asbestos mill. Fig. 1. (113 J 672). 


Location: East Broughton, Que., Canada. 
Ore: Chrysotile in serpentine associated with basic igneous rocks. Slip-fiber occurrence. 


; Open pit 
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H u : 
(+) Gay Bin (e) 
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Fan product G) E G) 
Collector (g) dumbo (h) Sand dump 
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TP STS a Perea a 
Fan product (+) 
Collector 
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Fic. 1.—Typical siip-fiber asbestos mill. 


@, Usually not more than 1-day capacity. Great difficulty is encountered in moying 
material through this bin in winter on account of freezing. At the Jouns-MaNnytLLE 
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plant the cars dump directly into the primary crusher (see note 6). 6, At Kine mine, 
2 @ 32x 72-in, At Jouns-Manvititn 1 @ 60 X 84-in. set 10 in. Capacity 3000 
tons per 8 hr. Nip angle 18° on account of 
slippery nature of rock. c, At Kine mine, 3 @ 
15 X 20-in. set 2.5-in. Usual practice is 2 or 3 
stages of jaw or gyratory crushing from run-of- 
mine to 2- or 2.5-in. d, In all but one mill rotary 
cylindrical dryers of either the direct- or indirect- 
heat type are used, 444 to 6 ft. diam. X 30 to 50 
ft. long. One mill uses a tower dryer 40 ft. high. 
Extent of drying is important. Too little makes 
subsequent separation difficult, too much causes 
partial dehydration and injury of fiber. e, Bulk 
of storage capacity is usually placed at this point. 
At two of the mines dry-roek bin capacity is 
25,000 tons. With such storage it is possible to 
keep the mill running and shut down the quarry 
: and coarse crushers in the worst weather. f, 
Cc These average about 6 ft. wide X 20 ft. long, 
2 . frequently stepped into 2 or 3 decks, and are 
Fic. 2.—Suction fan for asbestos covered with screen having about {s-in. openings. 
table. Speed @ 300 r.p.m. The suction pipe of a rotary 
fan, suitably shaped (see Fig. 2), is suspended above 
the screen near the end of each deck. g, Usual conical type. h, Or other type of dis- 
integrator, e.g., cyclone, swing-hammer pulverizer or the like. (See Sec. 4, Art. 21.) 
i, Usually a rotary or hexagonal trommel with about Me6-in. sereen. Vibrating screens 
are now coming into use. j, Screen apertures correspond to those on asbestos-testing 
sieves, viz.: 2-mesh, 4-mesh and 10-mesh. (See note a, Table 11.) 

Capacity: 800 to 1000 tons per 24 hr. 

Assays: Feed and products are not capable of ordinary chemical assay, and an actual 
run is necessary in erder to determine the amount of recoverable fiber present. 

Recovery is stated as the percentage of total rock mined (or milled) that is shipped as 
asbestos. This method, of course, gives no measure of the efficiency of the concentrating 
process. Average per cent. of fiber extraction at the Quebec mines has been between 
6 and 7. 

Cost: Ru Keyser gives the following as typical of an 800-ton plant in 1919: Total 
expense per ton mined and milled, $1.65; value of ore per ton milled, $2.60; recovery of 
fiber, 4.81 per cent.; average selling price of fiber, $60 per ton; average operating cost of 
producing fiber, $38 per ton. 


Typical cross-fiber asbestos treatment (113 J 673). Fig. 3. 


Location: Thetford district, Que., Canada. 

Ore: Chrysotile in serpentine. 

Capacity: 800 to 1000 tons per 24 hr. 

Assays: See corresponding note on slip-fiber mills. 

Recovery: See corresponding note on slip-fiber mills. Recovery of No. 1 crude ranged 
downward from 0.1 per cent. in 1910 to 0.033 per cent. in 1920. Recovery of No. 2 crude 
has increased in the same time but total recovery of crude is not, in general, over 0.75 
per cent. — i 

Cost: Ru Keyser gives the following as typical of 1921 operation. Value of fiber per 
ton of rock mined, $2.51; value of crude and fiber per ton mined, $3.43; total expense per 
ton mined and milled, $1.48; average value of fiber, $329.75 per ton; average total expense 
per ton of fiber, $147.25. Cost of milling, bagging, loading and of mine (and mill) overhead 
is about 45 to 50 cents per ton milled. About two-thirds of the rock mined goes to the 


mill. 
7. Barite, BaSO, 


Properties. Crystalline, concretionary or earthy. Conor: white when pure; impure 
varieties are red, yellow, gray, blue or brown. Luster: vitreous to resinous or pearly. 
Sp. cr., 4.3 to 4.6. Harpness, 2.5 to 3.5. Insoluble in water and acids. Decrepitates 
and loses SO3 on heating; fuses at high temperatures. 

Uses. The principal uses are in the manufacture of white pigments and in making 
barium chemicals for various uses. Ground barite itself is used as a pigment, as a filler 
for paper, cardboard, rubber, linoleum, artificial ivory and in many other places where a 
heavy, inert filler is desired. LirHoponn, which is the principal barium pigment, is com- 
posed of about 70 per cent. precipitated barium sulphate and 30 per cent of a mixture of 
1 to 3 per cent. zinc oxide and the balance zinc sulphide (see Ladoo, Non-metallic minerals, 
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p. 78, for outline of method of manufacture). Various barium chemicals, including the 
precipitated sulphate, the nitrate, chloride, sulphide, oxides and hydroxide, chlorate and 

chromate are used in the manufacture of white-rubber goods, asbestos cement, ceramics, 
enamels, boiler compounds, insecticides, fertilizers, hydrogen peroxide, special glass, ete. 
(For detailed extensive list of uses see Bul. 85, Geol. Surv. of Ga.) Forty to 50 per cent. 
of the barite produced goes into lithopone manufacture, 25 per cent. into manufacture 
of barium chemicals; the balance is ground to fine powder and used thus, 
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i j i a i sition in slip-fiber flow-sheet. 
than the jaw crusher in corresponding posi : 
5s ean aed on each, finer 8- to 12-mesh. C, Ore is usually cobbed both at the mine 
end ahead of or following the primary breaker for the recovery of ‘‘crude’” fiber. 


Fic. 3.—Typical cross-fiber asbestos mill. 


Ores. Barite (BaSO,) and witherite (BaCOs) are the principal economic 
minerals. United States deposits are barite in the form of Dantcles zapeine 
from small grains to masses containing 1 or 2 cu. ft. together aly ae 
and masses of chert in residual, unconsolidated clays and soils. on ae 
particles may be either hard and crystalline or soft and granular. 'T eae 
is preferred, as it is easier to grind. Some foreign barite deposits are of vein 


type. 
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Production. World production of barite minerals for the years 1919 to 1923 
compared to that for 1913 is shown in Table 12. The principal producing 
regions in the United States are in Missouri and Georgia. These two states 
accounted for 80 per cent. of the total domestic production in 1923, with 
Tennessee third with 11 per cent. 


Table 12. World production of barite, metric tons. (Mineral Resources, 1923) 


Country 1913 1919 1920 1921 1922 1923 
United States.... 41,093 189,900 206,940 60,209 140,649 194,303 
Australia’... .:. 550 re 2827 3,874 1,494 2,292 a 
Austriagess ors: a a a 2,080 2,140 2,307 
Belovun:..56...< 2. as L23000 Vit eet. 8 15,240 17,050 1,480 a 
IBPATICO Sse cco 12,236 11,861 18,782 11,297 12,634 a 
Germany?.....:: 78,394 63,1886 111,8646 108,759b 16,1396 a 
[L510 8 Fem ii ee a a les 2,632 689 1,480 2,430 a 
Wtalyy fc. 2% ac. 3 12,970 15,920 15,380 13,500 21,300 27,592 
SDA, fae ee 3,049 11,459 13,773 910 4,500¢ 11,764 
United Kingdom. 50,848 61,051 65,180 25,065 41,606 44,195 
Others (d,6)..... 582 425 1,009 245 1,462 899 


a Data not available. & Complete data not available. c Estimated. d Algeria, 
Canada, Rhodesia, Russia. 


Selling. (114 J 109) Crude barite should contain upward of 90 per cent. 
BaSO,. The usual washed product contains 95 to 98 per cent. The average 
price of crude per long ton, f.o.b. mines ranged from $5.66 in 1917 through 
a peak of $9.08 in 1920 to $7.77 in 1923. Hng. and Min. Jour. quotation, 
Oct. 3, 1925, was $7 @ $8.50 per long ton of crude, f.o.b. mines; ground off- 
color, $14 @ $17 per short ton, f.o.b. So. Carolina mills; water-ground, 
bleached and floated, $23 to $24 f.o.b. works, St. Louis. 
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Fic. 4.—Point Milling and Manufacturing Co. 


a, Pneumatic chisel used for cleaning lumps. 6, Logs made of screw-conveyor spiral on 
20° slope. Conveyor spiral has V-notches, 1.5 in. deep at 4-in. intervals. Spiral sub- 
merged for two-thirds of its length. Unsubmerged end is sprayed with 25 @ \-in. jets 
under 45-lb. pressure. Each machine requires 40 gal. water per min. Capacity of the three 
is 120 tons washed sand per 24 hr. c, Steel sides 3 ft. high. Bottom paved with cut 
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blocks of local granite. 20 r.p.m. Drag stones roughly triangular, 36 in. on a side and 
18 in. thick when new, arranged so that the leading angle can be changed as necessary 
to produce even wear. Life of stones about 3 yr.; life of bottom about 18 mo. to 2 yr. 
Should be about 8 in. of barite on the bottom for the best operation. Capacity of each 
mill is 12 to 18 tons per 24 hr. and each requires about 15 hp. d, Tanks are made of 
vitreous tile surrounded by hard lead which is in turn surrounded by oak staves and iron 
hoops. Charge is 2 tons of barite containing 25 per cent. water and a minimum of 240 lb. @ 
66 per cent. H2SO4. About 45 min. is required to heat the mixture nearly to boiling with 
steam and 6 to 7 hr. minimum to bleach. If bleaching is not complete in 12 hr. more acid 
is added. e, About 25 percent. moisture. f, Arranged for washing by continuous decanta- 
tion. g, 15 per cent. moisture. h, Acid must not be completely removed or product 
turns yellow. Leave just enough so that the iron sulphate also present gives a slight blue 
color with potassium ferrocyanide. i, 3 X 8-ft. wrought-iron pipe, driven 1.5 r.p.m. and 
heated inside with live steam. Wet material is fed onto the outside at the top by means 
of a shaking feeder 8 ft. wide (200 r.p.m.), which in turn is fed in fine streams 4 in. apart by 
pin valves. Thus the feed comes onto the dryer in drops and adheres. Dried material is 
scraped off on the rising side near the feed point. The cylinder is mounted over a hopper 
ean pipes carrying exhaust water from the cylinder. Spills are caught and dried 
therein. 


Treatment varies with the character of the ore and the scale of mining: 
At the usual small-scale Missouri plant the ore is roughly picked, dried 
on floors and then ‘“‘rattled”’ in a box screen with I-in. holes. This treat- 
ment removes clay and sand as undersize which may be hand-jigged or re- 
jected. Oversize is hand picked. Larger plants wash the crude ore in log- 
washers, with or without preliminary crushing, screen the washer sand, 
hand-pick the oversize and jig undersize. Fig. 4 shows the flow-sheet of a 
typical Missouri washer and Fig. 5 the rather more complicated scheme of a 
Georgia washer. Cosr of the Georgia washing plant, down to and including 
the washed-ore storage bin was $5000 to $6000 in 1919. 

Point Milling and Manufacturing Co. (/0 A711). Vig. 4. 

Location: Mineral Point, Mo. 

Ore: Barite and chert in residual clay. 

Capacity: 35 tons cleaned barite per 24 hr., 500 to 600 tons feed. 


Ratio of concentration: 15 or 20 to 1. 
Product is said to all pass a 300-mesh sieve. 


Thompson-Weinman Co. (Bul. 36, Geol. Survey of Ga.). Fig. 5. 


Location: Cartersville, Ga. 
Ore: Barite and chert in loose clay and soil. 
Capicity: 60 tons white barite per day. 
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DEST OO IO ooo \ 
Elevator Dum Dump 
Barite | Waste Mill circuit pleraies, Dupe Hee = 


ste rock 
Dump 


Rolls, set 0.5-in. 


Log washer Bin 


1 @ 4-cell Harz jig, %-in. screens 
Concentrate Hutch product(c) Tailing 
Alternatives 


t ; 
Overflow Washed material Washing tanks, 10 ft. (diam.) x 17 ft. 


' : 
ing kil i 
faci Re-jigging Dump. ‘ae shes kin Washed barite Acid water 
Road surfacing She ae le hi Wale 
—=——S——__— i Waste Barite Raymond mill (2) OEE tanks laste 
Spiral conveyor 4x10-ft. live-steam dryer 
Elevator 


Storage bins (d) 
Grinding and bleaching plant 

Bucket elevator 
Cc 


Lee 
4 @77ft. leaching tanks(f) Spiral 4 “runine 


Sacking bin 


a, 7 steel rails, 12 ft. long. d, Better than9 2 per cent. BaSO4. e, Product, 200-mesh. 


f, Lead- and brick-lined. 
Fic. 5.—Thompson-Weinman Co., barite plant. 
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8. Bismuth, Bi 


Properties. Metal; reddish-white, lustrous, crystalline; soft, brittle. Bismuth is the 
most highly diamagnetic substance known. (See also Table 1.) Ar. wer., 209.0. Remains 
unchanged in air and water at ordinary temperatures. At red heat burns in air and slowly 
decomposes steam. Not affected by dilute acids nor by concentrated hydrochloric acid. 
Concentrated sulphuric acid and concentrated nitric acid dissolve it, with the formation of 
the corresponding salts. Bismuth ion is tri-valent and quinque-valent and, so far as known, 
base-forming only. Bismuth alloys readily with other metals. 

Uses. Metallic bismuth is used almost exclusively in making low melting-point alloys 
with tin, lead, cadmium, and mercury. Bismuth compounds are used extensively in 
medicine. They find some use also in porcelain and glass making, and in pigments. 


Ores. The principal minerals are the native metal and bismuthinite, 
bismite and bismutite. The principal deposit of the world is in Bolivia, 
where bismuthinite occurs in veins associated with tin and silver minerals. 
Native bismuth and bismuthinite commonly occur in veins associated with 
pyrrhotite, pyrite, molybdenite, wolframite and precious metals. Native 
bismuth is sometimes found in sluice boxes. Carbonates and oxides of 
bismuth occur as residual deposits from leaching of rocks containing primary 
bismuth minerals. In such occurrences the bismuth is often associated 
with clays. 

Production. Domestic production amounts to 100 to 150 tons of metal 
per year and this satisfies the domestic demand. The principal foreign 
producers are Bolivia and Australia, the product of each country ranging 
between. 100 and 250 tons of metal per year. Scattered production in Argen- 
tina, Peru, Spain, Japan and Germany probably totals less than 100 tons per 
year. 

Selling. Metal for pharmaceutical preparations must be more than 
99.9 per cent. pure and contain no arsenic. ‘That used for alloys is not so 
rigidly specified but in general must contain at least 99.9 per cent. Bi. Price 
is substantially fixed by Jchnson, Matthey & Co., London, and fluctuates 
but little. Pre-war price was $1.50 @ $2.00 per Ib. It rose to $4.00 during 
the war. Hng. & Min. Your.-Press (Oct. 3, 1925) quotation was $2.65 @ 
$2.70 in ton lots. These prices could not be maintained in the face of large 
increase in production. The market form is 25-lb. ingots. 

Treatment. Domestic sources are lead- and tin-refinery slimes. At the 
S. anp M. tin-tungsten mine in Tasmania and the Burma QuEENSLAND 
Corp. (tungsten-molybdenum mine) in Australia (see ‘“Tungsten”’) bismuth 
is an important part of the concentrate. 


9. Cadmium, Cd 


Properties. Metal; bluish-white, lustrous; soft, malleable, ductile (see also Table 1). 
Atv. wat., 112.4. Very slightly affected by air at ordinary temperature but burns when 
strongly heated. Decomposes water at red heat. Attacked slowly by hydrochloric and 
sulphuric acids, vigorously by nitric, forming corresponding salts. Ion is bi-valent, base- 
forming. Cadmium alloys freely with other metals. 

Uses. Principal uses are in making alloys of low-fusing temperature; in electro-plating 
hardware, automobile parts and the like by the udylite process to resist rusting; in the 
standard Weston cell; and, in the form of sulphide, as a yellow or orange pigment. 


Ores. Cadmium is obtained both in this country and abroad exclusively 
as a by-product from zinc smelting and refining, or from bag-house dust at 
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lead smelters where zinc is a constituent of the ores treated. Siebenthal 
(MR, 1921) states that cadmium occurs in all zine ores in the proportion 
of about one of cadmium to 200 of zine. 

Production (MR). United States and Upper Silesia are the principal 
producers. Domestic production ranged from 54,000 lb. of metal and 17,000 
Ib. of sulphide in 1913 to a peak of 207,000 Ib. of metal and 50,000 Ib. of sul- 
phide in 1917. Following a slump, the metal production in 1922 was 132, 
000 Ib. and the sulphide 135,000 lb. Upper Silesian production of metal 
in 1913 was 82,000 lb. and in 1922, 55,000 lb. 

Selling. The commercial metal is in the form of pencils of 99.5 per cent. 
standard purity but most of the metal marketed runs higher, up to 99.9 
per cent. The sulphide ranges from 98 to 99.9 per cent. pure. Prices of 
metal and sulphide usually keep within 5 or 10¢ per lb. of each other. Metal 
price in 1913 was $0.77 per lb.; the peak in 1916 was $1.56; quotation (Eng. 
& Min. Jour.-Press) Oct. 3, 1925, was $0.60 per lb. Demand is growing 
rapidly but at present the potential supply is in excess of the demand, the 
market is highly competitive and prices are generally falling. 

Treatment. Dry method: Crude metal is obtained by fractional dis- 
tillation from blue powder and this metal is refined by further fractional 
distillation. Wet methods consist in solution of cadmium oxides in acids 
and precipitation of the cadmium either chemically or electrolytically. (For 
full discussion see Hofman, Metallurgy of zinc and cadmium, McGraw- Hill 
Book Co., N. Y.) 


10. Chromium, Cr 


Properties. Metal; gray-white, lustrous, crystalline structure, very hard. (See also Table 
1.) Av. wer., 52.0. Unchanged in air at ordinary temperatures; at red heat becomes slowly 
coated with a thin layer of oxide. Dissolved by dilute hydrochloric and sulphurie acids 
with formation of corresponding salts. Nitric acid does not attack it. Chromium ion is 
bi-, tri- and quadri-valent, base- and acid-forming. Chromium alloys freely with other 
metals. 

Uses. Pure metallic chromium is not used commercially. Ferrochrome, an alloy 
composed chiefly of iron and chromium with small amounts of carbon, silicon, and other 
impurities, notably manganese, is widely used for hardening steel for railway-wheel tires, 
wearing parts incrushing machinery, and other steels where toughness and hardness 
are essential. Chromite bricks are highly refractory and are used for furnace linings. 
Chromates and bichromates are largely used as red, yellow, and green pigments for dyeing, 
calico and wall-paper printing, painting, and pottery. Chromium compounds are largely 
used in tanning and to some extent in medicine. Recently ‘‘stainless”’ steel and ‘‘rustless”’ 
iron, both containing 12 to 14 per cent. chromium, have come onto the market and will, 
with increasing use, increase chrome consumption. Chromizing by a process similar to zine 
sherardizing and aluminum calorizing has been accomplished and chromium’ plating has 
also been effected. Both chromized and chrome-plated iron and steel resist atmospheric 
corrosion and the latter resists acid and ammonia fumes but not electrolytic corrosion in 


rnineral acids. (32 MI 118.) 


Ores. Chromite (FeO-Cr.0;) in highly basic igneous rocks or in serpen- 
tine is the only ore. The natural mineral is rarely pure chromite, Cr2O; being 
replaced by Al,O; or Fe2O;. As a consequence the highest grade of ore con- 
tains only about 55 per cent. Cr.O; and the Cr:O; content in salable ores 
runs down from this figure to 38 to 40 per cent. 

Production by countries is given in Table 13. Domestic production 
during wartime was all from small, not particularly high-grade deposits, 
mostly located in the west, many of them remote from transportation facili- 
ties. Under normal conditions of world trade, with consumption within a 
few hundred miles of the Atlantic seaboard, domestic production from the 
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West cannot compete with ore from Rhodesia and New Caledonia and there 
are no eastern deposits of sufficient size and purity to supply the demand. 


Table 13. World production of chromite, metric tons. (MR) 


\ 

Country 1913 1919 1920 1921 1922 1923 
United States..... 259 5,161 2,542 287 361 231 
Brazil. 3. ati bei. ee 4,877 3; SOG hy ereks SURI! SRE a ae 
Canadacsiiccee col) » eee 7,748. 9,993 2,538 696 2,654 
Cuba a. cers ae ga tiae a Bee 14,693 vel GLO) ee Bee 107587 
MERECCO hie esters <r 6,930 4,070 12,492 5,919 9,927 13,350 
India fh). S47. ohie; 5,767 ° 37,024 27,231 35,320 23,143 b 
Wapabsig®s - « KEste 1,326 6,012 3,969 3,368 3,757 b 
New Caledonia... . 63,370 23,548 91,534 29,458 19,374 23,226 
Rhodesia ?.i....... 57,500 32,007 54,674 45,529 84,799 87,702 
Russia, ss bt, 15,000 b 2,965 4,013 308 6b 
Turkey in Asia.... 14,000 17) 25,000 6 255400 Wi oN Seed 
Others, .(@)) seh - ot? 1,106 2,552 3,911 1,552 1,244 1,21l¢e 

Totale ocx 0% 165,258 137,692 238,538 128,594 146,149 c 
a Includes Austria-Hungary, Australia, Great Britain, Guatemala, Norway, Yugoslavia, 
Union of South Africa. 6b Figures not available. c Not complete. 
Selling. Chromite is usually sold on the basis of the long-ton unit (1 


per cent.) of Cr.0; and the price per unit increases with the Cr.OQ;3 content, 
but ore for refractories is sold at a flat price with a guaranteed minimum 
chromic-acid content. Lng. and Min. Jour.-Press quotation, Oct. 3, 1925, was: 
“Crude, 45 to 50 per cent. Cr.O;, $20.50 @ $23.50 per net ton, f.o.b. shipping 
point. . . . Ground, in bags, $29. New, Caledonian, 52-54 per cent. Cr2O;, 
$24; nominal.’ Average yearly price per long ton for domestic sales was 
$11.19 in 1913, reached a peak of $47.99 in 1918, and has since receded, with 
some fluctuation, to a range between $18 and $24. 

‘Treatment. The foreign ores are mostly from high-grade deposits that 
require no concentration other than hand sorting. Chromium ores respond 
to simple gravity concentration and some such concentration is necessary 
with many of the domestic ores. A 50 per cent. Cr,O3 concentrate can 
readily be obtained unless the chromite itself is of too low grade. 


11. Clay 


Properties. Clay of commerce is not a definite mineral, but rather a mixture of minerals 
in which one with unctuous feel and plastic consistency predominates and imparts its 
physical aspect to the mixture. The predominating mineral is ordinarily kaolinite, a 
hydrous aluminum silicate (2 H20-Alp03:2 SiO2) formed by decomposition of feldspars, 
but it may be some other closely related hydrous silicate of aluminum such as halloysite 
or bentonite. The usual associated minerals are quartz and feldspar, mica, calcite, gypsum, 
limonite, and some of the more resistant minerals of the original feldspar-bearing rock, 
such as garnet, beryl, tourmaline, hornblende, titanite and ilmenite. Kaolinite is normally 
white but may be tinged gray, yellow, brown, blue or red by impurities. Sprciric GRAVITY 
is about 2.6; HARDNESS, 2t0 2.5. Ladoo gives the INDEX OF REFRACTION as 1.561; MELTING 
Point, 1850° C; and says that it is soluble in hot sulphuric acid. Important physical 
properties depend upon use. Clays for fillers should be very fine-grained, free from grit, 
white in color, with low oil-absorption. For ceramic use plasticity, cohesion, shrinkage and 
behavior as to cracking when dried, tensile strength, porosity, and disintegration in water 
are important. Behavior on heating, particularly as regards shrinkage and cracking, and 
the character of the burnt clay, its tensile strength, porosity, absorptive capacity, color, 
translucency, hardness and toughness are important in ceramic use. The requirements of 
clay-using industries are so varied and the requirements of any particular industry so 
difficult, if not impossible, of quantification, that the only safe way to determine the value 
of the clay in a given deposit is to submit samples to prospective users. 
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Uses. _ High-grade clays are used for porcelain, china, pottery and high-grade tile: 
as a filler in paper, paint, linoleum, oilcloth, rubber, soap, asbestos products, plaster, cloth 


anda large variety of other materials and as a fire refractory for metallurgical and other 


furnace linings. Bentonite has a special field in de-inking newsprint. Lower-grade clays 
and clayey shales are used for terra-cotta ware, vitrified pipe and tile and brick of all kinds. 


Ores. Deposits of low-grade clays are found in substantially all parts 


of the world. Deposits of high-grade clays are less abundant and extensive 


and are much less widely scattered. Those of the United States are almost 
all in the eastern and southern states. There are also important deposits — 
in England, France, Germany and Austria. 

Production of high-grade clays in the United States ranges between two 
and three million tons per year. Price range is from $1 per short ton for some 
high-grade brick clays to $12 or $15 average for kaolin. The production of 
low-grade clay is not available but is far in excess of the above figures. 

Selling. Thereare no standard specifications. Clays are ordinarily-sold 
on the basis of samples submitted to the purchaser. There is, consequently, 
no open market and price is a matter of individual arrangement between the 
producer and consumer. 

Treatment (Bul. 53, USBM) consists in disintegrating, settling out 
the impurities in water, dewatering and drying. Refined lump clay that is 
to be used for fillers and like purposes must be again pulverized. A flow- 
sheet of a typical plant is shown in Fig. 6. Rake and bowl classifiers and con- 
tinuous thickeners would undoubtedly give cheaper and better service than 
the crude settling and dewatering devices used. 


a, See Fig. 7. Approximately 3 X 3 X 10 ft., 200 r.p.m. 
series. 6, See Fig. 8. Tank about 10 ft. long and 6 ft. high. 
arms is drained in rising 
and discharged over the 
side of the box. Fre- 
quently two are placed 
in series or the flow is 
from the primary washer 
to a sand wheel, thence 
to a secondary washer 
andsand wheel. c, There 
are two types: (1) The 
broad trough, about 2 ft. 
wide by 20 to 30 ft. long, 
set level, with a discharge 
baffle4 to 8 in. high. (2) 
The square tank, 6 ft. 
long, 5 ft. wide, 1 ft. deep 
with outlet 3 in. below 
the inlet and _ located 
either at one side or at 
theinletend. d, U-shaped 
troughs about 1 ft. wide 


Usually two are placed in 
Sand scooped up by shovel 
Crude kaolin 
Washers (a) 
Sand wheels (6) 


Suspended material 
Sand trough (c) 


Sand 
Waste 


Overflow 


Sand 
Mica troughs (d) 


Waste 


Overflow Sediment 


Mica screens (e Waste 


Undersize Oversize 


Di 
Detontee tanks (f) Alternatives 


Spigot product Waste 


Fine mica 
Agitator 


Overflow 
Clear’ water 


xX 1 ft. deep X 40 to 50 
ft. long, arranged either 
in series (U. S. practice) 
or radiating from a cen- 
tral basin and flared to- 
ward the discharge end 
(British practice). In 
the series arrangement 
the troughs are either 


set level with a drop of 1 in. c 
Operation is periodic. 


in its length. 


Waste Filter press (g) 


Cake 
Drier (h) 
Bagging bins 


Water 
Waste 
Fic. 6.—Typical kaolin-washing plant. 


from trough to trough, or each trough is sloped 1 in. 
Usual procedure is to run pulp for about 5 hr., then 


cut off feed, run clear water for 15 or 20 min., then close regular outlet, open waste outlet, 


and scrape and flush the sediment therethrough. 


About 1 hr. is required for this cleaning. 
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e, Stationary, vibrating, sliding and revolving screens are used. Usually 3 or more of 
the stationary screens are used in series, set at about 10° slope with 6-in. drop between 
screens, Screens are covered with fine brass cloth. #, Called locally “‘concentrating tanks.” 
Lump alum, suspended in a bag in the feed launder, is commonly used as a flocculator 
to aid settling. The tanks are ordinarily intermittent and clear water is siphoned off. 
g, 100 to 120 Ib. per sq. in. pressure. Cake contains 8 to 20 per cent. water. h, Atmos- 
pheric drying floors, unheated or steam-heated, or a drying tunnel through which air heated 
by passage over steam pipes is drawn, are used, 


Fic. 7.—Kaolin washer. Fig. 8.—Sand wheel for clay washing. 


12. Coal 


Definition. In the present state of knowledge it is impossible to give 
an accurate, comprehensive definition of coal. What is known is that coal 
is a black or brown, rock-like, combustible substance, composed principally 
of carbon in various solid, liquid and gaseous compounds with hydrogen, 
oxygen and nitrogen and that any given mass represents a stage in a long 
series of complex geochemical transformations that start with dying and 
decaying vegetable matter and may end with graphite as the only residual 
solid product. The identities of the carbon compounds in different coals 
probably differ, certainly the proportions of the different vompounds differ, 
but there is little or no exact knowledge of the composition of these compounds. 
In addition to the carbon compounds, coal also contains sulphur in various 
combinations, e.g., pyrite, gypsum and unknown carbon compounds; water, 
and non-combustible “ash,’’ this latter being principally silica or various 
silicates, carbonates of calcium, magnesium and iron, and minor amounts 
of various other mineral salts such as alkaline chlorides and calcium phosphate. 

Rank. As above stated, coal has been derived by geologic processes 
from vegetable matter that has suffered slow decay and consolidation at or 
below water level, followed by further consolidation and metamorphosis due 
to the pressure and heat incident upon deposition of overlying strata and sub- 
sequent elevation and folding. These processes have been continuous and of 
varying intensity, through many geologic ages up to the present time, so that 
coal is found in all stages from the growing plant to graphitic carbon. The 
coal material in these various stages has different compositions and physical 
properties and, widely different degrees of usefulness. As a result a rough 
classification of coals has developed, founded principally on use, but approxi- 
mately expressible in terms of chemical analysis. The place of a given coal 


in, this classification is called its RANK. There is no. generally accepted clas- 
sification according to rank. 
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Table 14 gives the classification in common use in U. S. Geol. Survey publications 
(100-A USGS 3). A somewhat more complete classification proposed in The coal resources 
of the world (1913) is summarized in Table 15. A classification proposed by Ashley (1923 
Pro. CMIA 29), which further subdivides the bituminous rank on the basis of use, is given 
in Table 16. Several other classifications are summarized and discussed by Ashley in the 
last-named publication. Campbell (Prof. Paper 48, USGS, Part I, p. 156) discusses 
several possible bases of classification. The range in chemical analysis of coals of various 
ranks, as given by Moore (Coal, John Wiley & Sons, 1922), is shown in Table 17. 

Properties of coal differ considerably with its rank. 

Anthracite is brittle, grayish-black to black with dull to sub-metallic luster. HarpNESSs 
varies from 2 to 2.5. It breaks with distinctly conchoidal rracrurz, with sharp edges. 
SpEciFIC GRAVITY of low-ash particles ranges from 1.3 to 1.7 and rarely to 2.2 (Rhode Island) 
(Bul. 616, USGS). It ignites with difficulty and burns slowly without much disintegration, 
with a short hot flame and little smoke or odor. It does not coke. 

Semi-anthracite is similar in appearance to anthracite but softer, and the rrRacTURE 
is less distinctly conchoidal. Sprciric aravity is about 1.4. It ignites more readily than 
anthracite, crumbles to some extent in burning and hence burns more rapidly, with a 
short, yellow flame. It does not coke. 

Bituminous coals vary in coor from dark brown to black and in Luster from dull to 
resinous or brilliant. Harpness is less than anthracite, but on account of the brittle and 


Table 14. Classification of coal. (U.S. Geol. Survey) 


Fuel Approximate Physical 
Rank ratio mOIs Uae characteristics 
per cent. (a) 
AMGBTACILCH f nease Jun, ohous 10-60 2-3 6 
Semi-anthracite....... 6-10 3-6 6 
Semi-bituminous...... 3-7 3-6 6 
Bituminous 20 je 12 ay 3 3-15 6 
Sub-bifummous: os... 26) eae 18-30 c 
2 LAVROV Roy chev Men Pee aH | Oar cee 30-45 d 


a Average run-of-mine coal. 6 But slightly affected by exposure to weather. c Black; 
no distinct woody texture; disintegrates and loses moisture on exposure to weather, but less 
rapidly than lignite. d Distinctly brown; either markedly clay-like or woody in appear- 
ance; falls into pieces on exposure to weather. 

Table 15. Classification of coal. (Coal Resources of the World, 1913) 


Vola- 
tile 
Rael Car-| com- |Mois-) |, 
Tr ue B.t.u. bon, | bus- | ture, |_C+4V_ Remarks 
Ran wii per pound per | tible | per | M+4%4V 
@) cent. |matter,| cent. (b) 
per 
eent. 
Anthracite..... 12+ |14,500-15,000/938-95) 3-5 |.....-].....-..- 


Semi-anthracite | 7-12 15,000 EKO ES TCA) lee iia | hn: ene 
High-carbon bi- 


tuminous....| 4-7715,200-16,000/80-90]12-15 |.....]......... Does not coke readily. 
Bituminous... .|1.2—7/14,000—16,000/75—90)12—26 |.....|......... Generally cokes. 
Low-carbon _bi- 

WURAIOUS" (80 [fcc 3 12,000—14,000|70—80/35— 6— | 2.5-3.3 | Makes porous, tender 

coke. 

CTC eats cael SeeReae 12,000-16,000)..... 30-40 CLE ak: |e tee Very porous coke. 
Lignitic or sub- 

bituminous. .|....- 10,000-13,000/60-75)...... 6+ d} 1.8-2.5 
Ignite ss0 eerie = ee 7,000-11,000)..... 45-65 |20+ |......0.. 


a Percentage of fixed carbon + percentage of volatile. matter. & (Fixed carbon + 
V4 volatile) + (Hydroscopic moisture + 2 volatile). ¢ On distillation. d Runs up to 20 
per cent. when freshly mined. 
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Table 16. Classification of coal. (After Ashley) 


Average analysis, per Gent. 
Uneal name ats ; Volatile | Fixed 
Moisture & dagear 2 ek Ash 
FADEDEAGIEC: merase etrre ete cetera rea 12+ 3 2 88 a 
Semi-anthraciten ss canes Gene Gee >. 3 7 83 7 
Semi-bituminous: 
SING teiralty eo fe. ee ee 8-5 3 13 77 7 
“ Low-volatile,”’ ‘‘Smokeless,”’ Ty 
Bin ker AM eT MO ks ws 5-3 3 20 70 7 
Bituminous: 5 
“Medium-volatile,” ‘‘Coking,” 
ABD =pLrOoducg.. + tite ges ee yes 3-2 3 27 63 vf 
“Hich-v olatile,’” “Gas”... 22S... 2- 5 34 56 es 
SET io hewOLa ORL Gtuns > tute hana cactus as 2- 6 38 49 7 
Sub-bituminous: 
REO VOlAGIGy wae wate ses coal eee ore, can 2- 15 36 42 uc 
OTIS h-MOISGULE Fy ny-nace Seas Cre ee 2- 25 33 85 if 
VST STNG OF Gig Seep vee seer re ee 2- 40 25 28 us 
Table 17. Analyses of various ranks of coal. (After Moore) 
Percentages 
Rank 
Anthracite |Semi-anthracite|Semi-bituminous) Bituminous 
ae 1 
Mioisturenetts: 0625.5 2h). 0.42-— 5.61 1.97-— 7.94 0.78- 8.99 0.04-34 . 33 
Volatile matter......... 1.72-10.75 6 .81-32.46 7 .40-23 .84 8.63-64.31 
Fixed carbon...........| 7%3.71-90.90 58 . 24-82 .00 57 .11-80.89 26 .49-80 .60 
D1 a aE Se eS a 3. 20-30 .09 4.33-14.50 1.80-34.15 0.28-45.00 
Sulpatird.. Sian & 0: 17=' 2.60 0.57— 4.05 0.44— 6.47 |0.0012-10.5 
Hydrogen thi ekey ax ee 1.89- 5.61 3.69- 4.81 3.34- 5.17 1.00— 8.80 
Carbone .c...civexy oe. oA 178. 41483789 72.43-80.00 51.23-85.54 4400-85 .30 
INMUROS Cy. tanks oe © 0.63— 1.57 0.51- 1.45 0.81- 1.82 1.00-— 9.20 
Oxygen. 12.2 3.80-11.54 5.46—-10.02 3.38-13 .70 0.95-46 .90 


Calorific value, B.t.u....| _ 9,230-13,298] 12,460-14,184 |  $,386-14,814  6,840-15,169 
Air-drying loss: <cin. ; 


Percentages 
Rank 

‘Sub-bituminous Lignite Peat | Wood 
MLOISbURE) ce. eevetnwis sate 1.94-40.58 0.75-43.00 63" 5 =90br US: sponck renee 
Volatile matter......... 7 .50-70.86 27-538 43: So CouOUui iE anaes 
Fixed carbon...........| 18.00—83.00 16-51 101,39 233) SOIT... he Reena. 
Abie tanh Syite Daas 2.06-55 .40 2.60—42 ds QO —S2 20S tall hires ee ete 
Sulp litt Aww. scheayahe.s Solas 0.15- 8.65 0.16-9 Kae PR) SONI RE TS 
Eiy drogen: Joes «ches 1: 1.76- 6.98 5a 4,.08-10.39 6.25 
Carboneete: <me an e SUOS Sor oD 58a 37 . 15-66 .65 49.50 
INTtrogen ends heen. Rritetee 0.49- 2.18 la ON —eSeO) 1.10 
Oxveenis hers a: ou ees 2.80-—52.18 25a 18 59-42 .63 43.15 
Calorific value, B.t.u.... 6205-14,843 d 5500-10,000 5800 
Air-drying loss......... OL8023 TOON a. cutee. © tas 


a Average. 6b As cut. ec Usually. d 5500 to 7000 un-dried; 10,000 to 12,000 on 
moisture-and-ash-free basis. 


crumbly nature of many varieties, is difficult to test. The rractur® is usually along planes 
of weakness in two or three directions at substantially 90° to each other, resulting generally 
in the formation of cubical and rounded lumps. Spxciric gravity of low-ash particles 
ranges from about 1.16 to 1.35. 
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; Semi-bituminous coal is only slightly lower in the scale than semi-anthracite and is 
similar to it in appearance and structure but on account of the higher content of volatile 
matter, ignites more readily and burns more rapidly. It may coke but the coke is small 
and weak. Mixed in proper proportions with a good coking coal it may, however, strengthen 
the resulting coke. U.S. Navy specifications for Pocahontas coal are for the following max- 
ima: moisture (as received), 2.5 per cent.; ash (dry basis), 6.5 per cent.; sulphur, 0.75 per 
cent.; volatile matter, 22 per cent. 


Coking coal is a bituminous coal, usually brilliant black, of crumbling 
structure, containing from 20 per cent. to upwards of 40 per cent. volatile 
matter. It has the property of softening, when gradually heated in a closed 
container to the point of incipient decomposition (300 to 400°C), and forming 
a pasty mass which swells, with evolution of gas, and before 450°C is reached 
becomes a rigid, porous, combustible, carbonaceous solid. The phenomenon 
is called coxiNa and the solid product is coxn. 


The greatest use for coke is as a fuel in iron blast furnaces. For such use the coke 
should be strong, porous and in the form of large lumps and should contain, in general, 
less than 1.5 per cent. sulphur and less than 12 or 13 per cent. ash. Usually 1.0 per cent. is 
the maximum sulphur allowance and, if the coke is to be used for making acid open-hearth 
or Bessemer iron, the phosphorous content should not exceed 0.010 per cent. In coke for 
making basic iron and foundry iron the phosphorous content is relatively unimportant. 
Coke for non-ferrous smelting may contain more sulphur. 

A good coking coal yields from 65 to 75 per cent. of its weight in the form of coke. 
This coke contains all of the ash that was present in the coal and, frequently, from 
50 to 60 per cent. of the sulphur, hence there is a concentration of ash and, usually, 
some elimination of sulphur in the process of coking, and the allowable sulphur and ash 
contents of the coals are to be calculated accordingly. The specifications for the best 
inland slack trade for coal for by-product coking are: Moisture (as received), 5 per cent. 
max.; ash (dry basis), 7 per cent. max.; sulphur, 1 per cent. max.; volatile matter, 20 per cent. 
min. (MCJ., Jan., 1926.) If the removable ash content of the coal is in the form of shale 
particles, these form centers for radiating cracks in the resultant coke, and thus decrease its 
compressive strength. 

It is generally figured that, on the basis of pre-war prices, each unit of ash in the coke 
adds approximately $0.20 per ton to the cost of pig iron obtained therewith, this increased 
cost being due to (a) the increased amount of limestone flux required to slag off the ash, 
(b) the greater volume of coke, limestone and slag to be handled, and (c) decreased furnace 
output (18 CA 1130). Sulphur adds similarly to the cost of pig iron. Swectser stated 
that with pig iron costing $20 per ton, each reduction of 1 per cent. in the ash content 
of coke reduced the cost of the pig iron $0.30 per ton. 

In general, the only sure method of determining whether a coal is suitable for coking is 
actual trial (Rose, A, Feb., 1926). White (Bul. 29, USBM) has called attention to the 
fact that in the best coking coals the ratio H/O is upward of 58. Some coals with a ratio 
of 55 to 58 make satisfactory cokes, and many with a ratio less than 55 coke, but the coke 
is weak and unsatisfactory. Pishel (1908 AGLJ 445) states that when bituminous coal is 
pulverized in an agate mortar, the pulverized material adheres to the mortar strongly and 
persistently if the coal is a good coking coal, otherwise the powder can be readily collected 
in the bottom by tapping the mortar. 

Gas coal is a variety of coking coal containing usually from 33 to 38 per cent. volatile 
matter (dry basis) and yielding, on coking, a gas of high calorific value. The sulphur con- 
tent should be low (less than 1.25 or, frequently, less than 1 per cent.), in order to keep 
down the amount of hydrogen sulphide in the oven gases, since this must be scrubbed 
out completely before the gas is put into the mains. 


Classification of coking coals. Figs. 9 and 10, presented by Rose (A, 
Feb., 1926), permit tentative placing of a bituminous coal, knowing either 
the ultimate analysis (Fig. 9) or the calorific value and volatile matter 
(Fig. 10), it being remembered in all cases that the final proof is the full- 
scale oven test. 

For thorough discussion of ‘The selection of coals for the manufac- 
ture of coke” see H. J. Rose (A, Feb, 1926). 


Non-coking coal may be similar in appearance to the coking variety, although the 
term includes also varieties of bituminous rank that have a splintery fracture (SPLINT 
CoAL), certain dull varieties, etc. Non-coking coals are used principally for steam 
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generation and for this purpose the important characteristics are the heating value per 
unit weight of ash-free coal and the kind and amount of impurities. The ash should be 
of such composition that it 

% Oxygen will slag sufficiently to permit a 

pret | 2393) aah) Lord on Grout netOve) Seolboilth bed of ashes to be maintained 

7 7 on a grate, but not so readily 

fusible that clinkers (fused 
ash) form in sufficient size and 
quantity to make removal 
difficult. A higher sulphur 
content is permitted than in 
coking coal and it is the py- 
ritic sulphur that is of most 
importance. The principal 
disadvantage of high pyritic 
sulphur is the fact that the 
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‘ , z Sub-bituminous coal is the 
Fie. 9.—Ultimate analyses of 150 typical coking coals transition rank between lignite 


of the United States. and bituminous coal. The 

FRACTURE is usually along one 

plane or, sometimes, conchoidal, so that it tends to break into slabs rather than into 

the cubical forms characteristic of the bituminous rank, The color is black and the 

luster glossy to resinous. (See also Table 17.) 

Lignite is a brown, amorphous or woody form of coal representing the least change from 

peat. The luster is generally dull. Sprciric GRAvITy varies from 0.5 to about 1.3, accord- 
ing to the porosity (woodiness) and the amount of impurity. For analyses see Table 17. 


Impurities in coal occur in several different varieties and forms. The 
impurities are classified as sulphur and ash. 


Sulphur ranges between 0.5 and 8 to 10 per cent. of the coal as mined (20CA 3). It 


occurs in three forms, viz.: as pyrite, as a sulphate, usually calcium sulphate, and in an 
organic combination. Thereis 


no constant relation between 
the amounts occurring in the 
different forms. Table 18 
shows the results of sulphur 
analyses on typical coals from 
various domestic fields. 

Ash content varies from 1 
to 30 percent. (20CA 3). The 
ash occurs in several different 
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X-ray examinations indicate ae 20 
that this ash consists of sub- 

microscopic laminae of inor- 

ganic material alternating with Fie. 10.—Volatile matter and calorific value of 150 
thicker laminae of pure coal. typical coking coals of the United States. 

(b) As RASH Or MOTHER-OF- 

COAL, which is a dull amorphous carbonaceous material of low specific gravity, but high 
inorganic content, found in bituminous coal. (c) In masses composed of fine inter-lami- 
nated layers of good coal and shale or slate so closely associated that fine crushing is 
required to separate them; these are known as BONE or BONEY COAL. SULPHUR BOND is a 
similarly intimate mixture of pyrite and good coal. (d) As distinct masses of shale 
(with bituminous coals) or slate (with anthracite), clay, or other rocks which break 
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cleanly away from the coal. (e) As crusts and veinlets of certain salts, of which the 
most important are sodium chloride and calcium phosphate. 


Table 18. Forms of sulphur in raw coal. (Bul. 11, UT) 


Percentages of sulphur 


Coal from 
Total Pyritic Sulphate Organic 
Tennessee. ........... 4.87 3.59 0.11 Ra tee 
Kentucky: . <)..!. S25: 0.46 ONIS4)” peal eee Pantin. = 0.33 
Wiese ester Screed 1.83 1.04 oo: 0.79 
Wits. sa Se teers ss 3.51 TS. by ah Rete ee fy. 1.67 
Indiana...... eee oe oes 1.66 GSO A hee aerate 0.77 


The important property of ash, apart from the fact that its presence lessens the heating 
value of the coal, is its fusibility. (For complete discussion see Fieldner and Selvig, PP 
1529-F A) 

Uses of coal. The principal uses are for fuel and as the source for a large number of im- 
portant products derived by distillation. Anthracite is used principally for domestic fuel, 
but some large-size anthracite is used in gas producers and locomotives and the small sizes 
(buckwheat, rice and barley) are used for steam production in power plants. Table 19 
shows the approximate distribution, according to use, of the soft coal consumed in the 
United States and exported in the year 1917. Fig. 11 shows some of the products obtained 
by distillation of bituminous coal. 


Table 19. Consumption of soft coal in the United States, classified according to use (1917). 
(After Tryon and McKenney, 21 CA 86) 


Use Short tons Per cent of total 
RAP OAC SS tes ETT PEN Cee ie Sire he aos es Feb ee 153,700,000 QT a 
Industrials other than steel and coke................ 139,100,000 25.04 
Mtceliplantsmmahodaciee ve tee seein . .  ek ee. oe. 35,500,000 6.4 
Coke: 
COMO aaa Ort tne BOR Pic otter taut fs ccd aa ep eeeberts. + 36,000,000 6.5 
SE DEOUUCGE Tae Het tate hs ee REN oa ee tate 47,740,000 8.7 
Public utilities: j 
USS 9 a reel OE ORE Fy a ade cha a or ee ora Smee 31,700,000 5.7 
GWoneerat(@) see. ee se cree Rees cerns» SN tase 4,960,000 0.9 
Donmmesers: CONSUMES 0. foams deine te ti «eee 57,100,000 10.3 
RO MMHG CUCL Ae e ens hat. fe dees spats ete = at see a ole 12,100,000 2.42 
TOs WS Aaa SERS area a aa 88 AR eR Ld Be 26,000,000 4.7 
TSypna heres 44s) ne ae = PRS eri PS 10,300,000 1.8 
EAUE DIS, 5 edecls Sos ens AAR he RE Dc dite Reet i dS 554,200,000 100.0 


a Excluding by-product ovens. 


Grades of coal as mined vary all the way from those sufficiently pure to be 
used with no treatment other than that required to bring them to suitable size, 
to grades so impure as to be economically impossible of exploitation. This 
statement holds for all of the different ranks. (See also Treatment.) 

Production of coal in the United States in recent years is given in Table 20. 
The domestic production in 1924 was about 38.5 per cent of the world pro- 
duction (1,350,000,000 metric tons). The other principal producing countries 
in 1924 were Great Britain, 20.3 per cent.; Germany, 8.8 per cent.; Trance, 
4.3 per cent.; Poland, 2.4 per cent.; and Belgium, 1.7 per cent. These 
countries stood in the same order in 1913. The remaining 24 per cent. of 
world production was from 44 countries scattered on all of the continents. 

Selling. Notwithstanding the huge demand for coal, as evidenced by the 
consumption figures, the price at domestic mines for ordinary grades is kept 
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down by the excessive potential production capacity, close competition, and 
the high freight charge when distant shipments are necessary. These con- 
ditions apply less to anthracite than to bituminous coals, on account of the 
superiority of anthracite for domestic fuel, but in regions where a good grade 
of bituminous coal is locally available for domestic fuel, even anthracite 
‘suffers from the competition. Certain types of bituminous coal occupy a 
favored position because of their unique suitability for exacting uses. High- 
volatile coking coals (upwards of 30 per cent. volatile matter) which will 
yield upward of 10,000 cu. ft. of gas per short ton and contain less than 1 to 


Table 20. Production of coal in the United States, short tons. (MR, 1913: MI, 1924) 
State 1913 1920 1921 1922 1923 1924 (e) 
Alabama..... 17,678,522) 16,140,099} 12,568,899! 18,324,740] 20,457,649, 19,490,000 
Alaska WALI c 61,111 16, 2353s Shc lisys . 119,826 100,000 
Arkansas..... 2,234,107 2,050,596 1,227,777| 1,110,046 1,296,892 1,300,000 
Colorado... .... 9,232,510} 12,274,225 9,122,760} 10,019,59// 10,346,218] 9,840,000 
PUN oIsis. 5 3 61,618,744| 88,630,893| 69,602,763) 58,467,736] 79,310,075) 67,880,000 
Indiana... ot 17,165,671] 29,090,585} 20,319,509} 19,132,889| 26,229,099) 22,340,000 
Towarsias:..2n 7,525,936 1,774,916 4,531,392 4,335,161 5,710,735 5,100,000 
KANSAS ncetau- 7,202,210 5,838,408 3,466,641 2,955,170 4,035,404 4,150,000 
Kentucky....| 19,616,600| 35,528,762) 31,588,270| 42,134,175| 44,777,317] 45,000,000 
Maryland.... 4,779,839 4,030,239 1,827,740 1,222,707 2,285,926 1,720,000 
Michigan..... 1,231,786 1,487,765 1,141,715 929,390 L720. 820,000 
Missouri..... 4,318,125 5,266,565 3,551,621 2,924,750 3,403,151 3,140,000 
Montana..... 3,240,973 4,403,866 2,733,958 2,572,221 3,147,678} 2,700,000 
New Mexico. . 3,708,806 3,683,440 2,453,482 3,147,173 2,915,173 2,550,000 
North Dakota. 495,320 907,625 864,903 1,327,564 1,385,400} 1,090,000 
OhlORE ta chawe 36,200,527} 45,032,653) 31,942,776] 26,953,791) 40,546,443 | 29,200,000 
Oklahoma.... 4,165,770 4,830,288 3,362,623 2,802,511 2,885,038) 2,800,000 
Benne (2) os). 173,781,217 | 168,083,847 | 116,013,942 | 113,148,308 | 171,879,913 |123,530,000 
Tennessee... . 6,903,784 6,585,628 4,460,326 4,876,774 6,040,268; 4,800,000 
ED GX AS orradussocee, 2,429,144 1,615,015 972,839 1,106,007 1,187,329 1,075,000 
Utah 3,254,828 6,005,199 4,078,784 4,992,008 4,720,217} 4,460,000 
Virginia..-... 8,828,068} 11,244,106 7,492,378) 10,491,174} 11,761,643} 10,900,000 
Washington... 3,877,891 3,753,093 2,428,722 2,851,165 2,926,392; 2,400,000 
West Virginia .| 71,308,982) 89,450,707| 72,786,996} 80,488,192 | 107,899,941 |110,000,000 
Wyoming..... 7,393,066 9,623,271 7,200,666 5,971,724 7,575,031] 6,850,000 
Otherswitisiis..« (6)330,777 (d)97,943} (d)104,183 253,126 142,084 45,000 
Total  bitu- 
minous. . .| 478,523,203 | 563,490,845 | 415,921,950 | 422,268,099 | 564,156,917 |483,280,000 
Pennsylvania 
anthracite! 91,524,922) 89,598,249} 90,473,451) 54,683,022 | 93,339,009 | 87,926,862 
Grand total. .! 570,048,125 | 653,089,094 | 506,395,401 | 476,951,121 | 657,495,926 |571,207,000 


a Bituminous only. 
cluded in ‘‘ Others.” 


e Estimated, 


1.25 per cent. sulphur are in demand for gas works. 


bituminous coal (SMOKELESS coAL) makes the best kind of steam coal. 
and semi-anthracite compete with anthracite for domestic use. 


b Georgia, Oregon, California, Alaska, Idaho, Nevada. 
d California, Idaho, Georgia, North Carolina, Oregon, South Dakota, 


¢ In- 


High-volatile non- 
coking coals are demanded for locomotives pulling heavy, fast trains. Semi- 


This 


Coals suit- 


able for iron-furnace coke enjoy a marked preference over other bituminous 


grades. 


brick yards, and blacksmiths. 


and Wormser.) 


Other users with special requirements are malleable-iron furnaces, 
(For a general analysis of markets see Spurr 
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Prices of domestic sizes of anthracite (Table 21) are reasonably stable, 
due to the constancy of demand and close control of the major part of the 
total production. With the exception of a seasonal drop of about $0.50 per 
ton in April, which, prior to 1916 was customary but has occurred only twice 
since, there has been a steady increase in average price since 1915 from $3.75 
per gross ton at the mines in that year to $9.00 at the end of 1924 (N. Y. 
quotations). The so-called INDEPENDENT MINES (meaning small individual 
mines or groups which in all produce about 30 per cent. of the total output 
and sell on day-to-day quotation rather than on contract, as do the large 
COMPANY MINES or groups) have averaged considerably higher in their returns 
than the company mines, and for short periods have received much higher 
prices. For example, in the fall of 1916, the price of independent coal rose 
above $8.00 against $4.35 for company coal, and in the fall of 1920 the corre- 
sponding prices were $14.25 and $8.00. On the other hand, since Jan., 1916, 
the only time that the independent price has fallen below the company price 
was in Apr., 1919, when there was a spread of about $0.25 per ton. 


Table 21. Approximate sizes of market grades of anthracite 


Size of round opening, inches 
Name of size 
Passing Retained on 
(mG Wnt yc ot ecw eet See re ae aediva [iw iene ere 6 
SOGa MAO 5 veel em cp ohne one eerie dts se 6 44 
Domestic j Broken (er ate)wcre ae. ereeatierangs eats ai he 4% 234-314 
sizes BSS x deesoh iis Aik eons EN BS RT erates <7 234-314 214-2546. 
SROW Gebet cna paces au eRe ieteems 4 eee coke 24-26 14-11% 
Chestmrtid = ce: we eer aga eo 14-15% Y%-1 
(A RRS GPS Pree ees Soc a eae ore Yl 16-56 
Steam No. 1. Buckwheat. (@)... . <)tes- nae le bees 1654 4-546 
sizes |S. 2 Buckwheat. (Rice) (a@)........... 4-546 Yy-H%6 
No. 3 Buckwheat (Barley)(a@)......... WK-34 § 564-l% 
Close wee fuses fiaiuke: Sen eke ase Oba Yen ln mag cites Meee 


a These three sizes are sometimes mixed under the name “Birdseye.” 


Prices. Steam sizes. of anthracite (Table 21) compete with bituminous’ 
coal and are subject to the same fluctuations. For four years prior to 1917, 
the company price was substantially constant at close to $1.60 per long ton 
at the mines. Since then it has risen to a maximum of about $4.10 in the 
fall of 1920 and again in the fall of 1922. During the summer of 1924 the 
price was. about $3.05. Independent prices have averaged slightly higher 
with spreads of about $2 per ton in their favor in the fall of 1916 and 1920. 

The average value per gross ton of anthracite in 1923, with due weight- 
ing for value and amount of domestic and steam sizes, local trade and mine 
fuel was $5.43 in 1920 and $6.08 in 1923. (83 MI 137). 

Bituminous-coal prices fluctuate widely with seasonal demand and with 
variation in the industrial activity of the country. Furthermore, as set 
forth above, the price varies widely according to the grade. Fig. 12 shows 
the extent of the fluctuation in the years 1913 to 1924 incl. 


Preparation 


The treatment required to prepare coal for the market depends on 
the character of the material delivered from the mine and the demand 
of the particular market supplied. All anthracite requires some prepa- 
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ration, if only crushing and sizing, and much of it, as now mined, requires 
separation of impurities such as slate and bone. Much bituminous coal, on 
the other hand, is sold as mined or is given only the crudest kind of screening. 
Only between 5 and 10 per cent. of the total bituminous production is 
subjected to a concentrating treatment. 
750 
700 
650 
600 
550 


1923 
Dec. 15 Dec. 31 
LW oKe Kes me baie Be gat At eee Seer |) Ce Pa aaa 169 170 
Weighted average price.......2.5...-2000. $2.07 $2.06 $2.04 $2.17 

This diagram shows the relative, not the actual, prices on fourteen coals, representative 
of nearly 90 per cent. of the bituminous output of the United States, weighted first with 
respect to the proportions cach of slack, prepared and run-of-mine normally shipped, and 
second, with respect to the tonnage of each normally produced. The average thus obtained 
was compared with the average for the twelve months ended June, 1914, as 100, after the 
manner adopted in the report on ‘‘Prices of coal and coke; 1913-1918,”’ published by the 
Geological Survey and the War Industries Board. 


Fic. 12.—Coal Age index and spot prices of bituminous coal f.o.b. mines. 


Preparation of anthracite. The principal impurity is shale or slate, which 
occurs generally in flat and elongated slabs and plates, is dull gray to black 
in color, and has a specific gravity between 2.5 and 2.7. Anthracite breaks 
into generally rounded lumps, its color is lustrous black and its specific gravity 
ranges between 1.3 and 1.7. The bone or middling particles consist of mixtures 
of coal and slate in all proportions. When the amount of bone is small, pick- 
ing and gravity concentration are both relatively easy to apply. In hand 
picking the pickers are guided by the distinctive shapes, and, if the feed on 
the picking surface has been properly washed, by a distinctive color difference. 
If bone also is picked, the separation is more difficult, as both shape and color 
range between the extremes of rock and slate. However, since the bone is 
to be crushed and further treated, doubtful cases may be consistently re- 
solved in favor of the bone circuit, with consequent increase in picking rate. 

Separation of slate from anthracite by gravity concentration is rela- 
tively simple. The free-settling ratio (Sec. 6, Art. 1) of coal and slate is 
Deoa/Dstate = (2.5 — 1)/(1.5 — 1) = 3.0. Since market requirements demand 
sizing to a considerably closer sieve ratio than 3:1, (see Table 21), if the 
sizing is done prior to jigging, subsequent separation is simpler than that met 
with in most metal-concentrating mills. On the other hand, when there is 
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much bone present, the free-settling ratios become much smaller and separa- 
tion is correspondingly more difficult. 

For high-grade coal such as may be obtained from thick, horizontal or 
slightly inclined seams, treatment may consist of nothing more than crushing 
and sereening to prepare the market sizes. In a breaker for such service 
the flow-sheet is essentially as shown in Fig, 18, 


Run of - mine coal 
Shaking screen, 6-in. rd. hole 


re (—) a 
Toothed rolls, set to break through 6-in. rd. hole 
Shaking screen, 4 %-in. rd. hole 
s (=) 
Toothed rolls, set to break through 4 V-in. rd. hole. 
Shaking screen, 2% to 3%-in. rd. holes 
G (=) 


t 
Alternative 


Bin Tocthed rolls, set to break through 2% to 3 )4-in. rd. holes 


F 5 - deck shaking screen 
ig 


E St N P Bu 
Bin Bin Bin Bin Bin 
—) = = = = 


2-deck shaking screen 


(het Mie Dae ae OO Sa Bossy 
R Ba (rh 
Bin Bin De -slimer 


Slime Cc 
Settling tank or pond 


Solid Overflow water 


Ba, Barley size. Bu, Buckwheat size. E, Egg size. G, Grate size. L, Lump size. 
N, Nut size. P, Pea size. R, Rice size. S, Steamboat size. St, Stove size. 


Fic. 13.—Typical pure-coal anthracite breaker. 


Such breakers are substantially non-existent at the present day, but the 
figure illustrates the fundamental principle of arrangement of the apparatus 
for graded crushing and screening so as to produce the maximum amount of 
DOMESTIC-SIZE COAL (egg to chestnut sizes, inclusive) and to deliver all products 
with as little fine undersize as possible. Thus the coarse sizes are crushed 
separately one size-stage at a time, shaking screens are used in prefer- 
ence to other types, on account of the small amount of breakage that 
they effect, and special retarding chutes (Sec. 20, Art. 9) should be used 
throughout. to lower the screened products into the bins. The coal passing 
the barley screen is suitable, after dewatering, for briquetting or for mix- 
ing back with the sTEAM sizes (pea and finer). 

When, as is ordinarily the case, the coal as mined contains varying amounts 
ot impurities, (see p. 34), the breaker must contain more or less concen- 
trating equipment in addition to the breaking and sizing equipment, The 
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usual concentrating operations are picking, either hand or mechanical ; jig- 
ging, and, of recent years, tabling and heavy-fluid separation. Froth flotation 
and granulation are also practical from the technical standpoint and only 
await the perfection of methods of utilization of fine coal thus cleaned to 
come into common use. 

The type of flow-sheet employed when concentration is necessary depends 
upon the character of coal coming to the breaker. If this contains a relatively 
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broken size and smaller. 8, Brokensize. Ba, Barley size. Bo, bone, Bu, Buckwheat. 
C, Coal. E, Ege size. L, Lump size. N, Nut size. P, Pea size. R, Rice size. 


S, Stove size. Sl, slate. 
Fic, 14.—Kingston Coal Co. 

small amount of slate that breaks sharply and readily from the coal, the flow- 
sheet will be substantially the same as that shown in Fig. 13 except that 
each of the sizes down to and including chestnut will be hand-picked. Fig. 
14 shows such a flow-sheet. If the amount of slate is large, water concentra- 
tion is employed in addition to picking, usually jigs for the sizes down to and 
including buckwheat and, if necessary, shaking tables for the finer sizes. 
Figs. 15 to 22 inclusive illustrate several different variants of such flow-sheets. 
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When there is much clean coal in the large sizes a primary split of run-of-mine 
material is commonly made at steamboat size (414-in.), slate is hand picked 
from the oversize and the coal is then run down separately in a so-called 
pure-coal section similar to the flow-sheet in Fig. 13. When the coal contains 
considerable bone, this is frequently separated on the coarse-picking tables 
and coarse jigs and crushed down so that the combustible material finally 
goes into the steam sizes. All of these contingencies are illustrated in the 
following flow-sheets. 
Kingston Coal Co., Breaker No. 4 (18 CA 935). Fig, 14. ; 


Location: Edwardsville, Pa. 
Summary: Screening and picking only. 
Lehigh and Wilkes-Barre Coal Co., Wanamie Breaker (66 A 422). Fig. 15. 


Capacity: 700 tons per hr. Two sections. For tonnage distribution see numbers in 
parenthesis on the flow-sheet. See also Table 22 for distribution of products at Seneca 
breaker of Lehigh Valley Coal Co. 

Building: Steel. 


Summary. This flow-sheet is typical of the arrangement for treating 
exceptionally clean run-of-mine coal. It is perhaps not so simple to operate 
as the Kingston breaker (Fig. 14), but is more flexible and will yield a cleaner 
product with higher recovery on all except the highest grade of run-of-mine 
coal. The distinguishing characteristics are: (a) treatment of pure coal and 
boney coal in separate sections; (b) production of all sizes, from broken to 
No. 3 buckwheat, from picked lump in the pure-coal section, with no cleaning 
after crushing; (c) separation of bone and waste at egg and stove sizes from 
the steamboat- and broken-size bone by spiral pickers alone; (d) use of 
jigs to clean egg, stove and nut sizes in the boney-coal section; (e) no clean- 
ing of sizes below nut. 

Phila. and Reading Coal and Iron Co., Brookside breaker (66 A 422). 
Fig. 16. 

Location: Tower City, Pa. 

Building: This is a hill-side breaker. A sectional drawing is shown in Fig. 17. 


Summary. The coal fed to this breaker is relatively high grade. The 
characteristic features are: (a) separate pure-coal and boney-coal sections; 
(b) no cleaning in the pure-coal section following the lump-picking platform, 
except that the undersize of the buckwheat shakers goes to the boney-coal 
section; (c) use of jigs in the boney-coal section for all sizes from egg to rice, 
inclusive; (d) use of shaking tables for cleaning undersize of the rice shaker; 
(e) separation of egg, stove and nut sizes into flat and round grades by means 
of a mechanical picker prior to jigging, and separate jig treatment of the grades; 
(f) mechanical picking of the coal discharge from the egg- and stove-size 
coal jigs; (g) re-crushing of bone from the domestic-size bone jigs and pickers 
and return to the head of the boney-coal section. 


Pennsylvania Coal Co. No. 1 (66 A 422; 22 CA 786). Fig. 18. 


Location: Dunmore, Pa. 

Building: Steel and concrete. This is a typical modern level-site breaker. See Fig. 19. 

Capacity: 4000 tons per 8 hr. 

Labor: 66 men per shift, as follows: 7 jig runners, 6 screen men, 34 pickers, 11 loaders 
1 machinist, 2 carpenters, 1 oiler, 3 sweepers, 1 foreman. ; 

Estimated cost of breaker (1921-22) between $800,000 and $900,000. 
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Summary. This breaker is suitable for treating a lower-grade run-of- 
mine coal than the preceding. There is no pure-coal section. The charac- 
teristic features are: (a) jigging of primary sizes from grate to No, 2 nut, 
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Fie. 15.—Wanamie breaker, Lehigh and Wilkes-Barre Coal Co. 


inclusive, making a 3-product separation at the two coarsest sizes; (b) hand 
picking of jigged coal with rejection of bone; (c) no cleaning of sizes below 
No. 2 nut; (d) crushing and return of bone to the main system. This is 
the simplest type of flow-sheet for this character of feed. 
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Fic. 16,—Brookside breaker, Philadelphia and Reading Coal and Iron Co. 
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Via. 18.—Pennsylvania Coal Co. 
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Lehigh Valley Coal To., Drifton No. 2 breaker (59 A 336). Fig. 20. 


Location: Drifton, Pa. 

Capacity: 2500 tons per 8 hr. 

Labor: 1 breaker boss, 1 jig boss, 1 picking-table boss, 1 timekeeper, 2 car dumpers, 
4 pickers on platform, 3 pickers on broken coal, 2 pickers on jig refuse, 2 jig runners, 4 screen 
and roll tenders, 1 breaker engineer, 1 oiler, 1 ropeman, 1 roustabout, 7 men loading coal. 

Power distribution (approximate): Reciprocating feeder, 2 hp.; shaking screens, per 
deck, 2hp.; No. 1 roll, 12 hp.; No. 3 rolls, 9 hp. ea.; 2 picking conveyors, 8 hp.; 2 elevators, 
65 hp.; jigs, 4 hp. ea. Flight conveyors, 374 ft.,48 hp. Total, 272 hp. Ali figures include 
belting and line-shaft losses back to the mill engine. 5 
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Fig. 20.—Drifton breaker, Lehigh Valley Coal Co, 
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a, Picked. 6, No. 1 size. Slow speed. Set to break to broken size with a small 
percentage of steamboat. c, No. 3 size. Slow speed. Set to break to egg size. a; Ad- 
_ justed to remove a maximum amount of rock. e, No. 3 size. Set to break to egg size. 
f, No. 3 size. Set to break to stove size. g, go, gz, In 1917, when this breaker was first 
put into operation, the coal fed was very dirty and the breaker was operated as shown. 
It is so designed, however, that elevator gy can feed two of the 5-deck shakers, which will 
send oversize products directly to the proper bins, thus acting as a pure-coal section, while 
elevator gz and the other two banks of shaking screens prepare impure coal for jigging. 
When handling 1500 to 1800 tons of feed per 8 hr., according to the flow-sheet shown, 
ovly two of the 5-deck shakers were used. h, With automatic discharge chute. Fed 
by vertical step ped telegraph (see Sec. 20, Art. 9). i, Simplex, 137 r.p.m. 0 jigs in all, 
arranged to allow diversion of feed as one or the other size of coal predominates. Tons 
per hour per jig on different sizes are shown in Sec. 9, Table 28. Fitted with automatic 
belt shifters actuated by the weight of coal in the feed chute. j, Fed with vertical stepped 
telegraph chutes. k, All shakers have 3 X 6-in. wood sides, 34% & 3144 K % in. cross- 
frame angles, and are suspended by 1 % 6-in. hanger boards. Eccentrics have 2-in. throw. 
3 X 6-in. Parrish cohnecting arms. Decks are 4 ft. and 4 ft. 6 in. wide by 15 to 24 ft. long. 
1, Allrolls 26 % 36-in., compound geared, chilled cast-iron teeth. Peripheral speed 300 ft. 
per min. Capacity about 300 tons per hr. m, 22 % 25 X 12-in. buckets on two strands 
of 9-in. pitch, heavy-pattern chain. Bucket spacing, 18in. Speed, 90ft. per min. Capac- 
ity, 200 tons per hr. n, 6 X 18in. flights with 9-in. pitch chain. 0, 4 ft.6in. wide, 30 ft. 
per min, Friction clutch. B, Broken size. Ba, Barley. Bu, Buckwheat size. C, Coal. 
E, Egg size. L, Lump size. WN, Nut size. P, Pea size. Ro, Rock. S, Steamboat size. 
SL Slush. St, Stove size. 


Table 22. Distribution of coal and refuse in Seneca breaker of Lehigh Valley Coal Co. 
(After Ashmead, 22 CA 5) 
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Summary. There is no pure-coal section. (a) Primary sizes from lump 
to egg are picked to reject rock, then crushed to egg size and joined with pri- 
mary undersize; (b) all sizes from egg to buckwheat are jigged separately 
making finished coal and waste rock; (c) rice and barley sizes are not cleaned. 


Lehigh Coal and Navigation Co., Rahn breaker (66 A 422). Fig. 21. 


Capacity: 2000 tons per 8 hr. 
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prior to separation into domestic sizes for subsequent cleaning; (c) cleaning 
of grate size by spiral pickers followed by hand-picking of coal from the 
spiral; (d) jigging of egg to buckwheat sizes; (e) hand-picking of the waste 
from the grate spiral and the egg and stove jigs; (f) non-cleaning of rice 

_ and barley sizes; (g) screening of the waste discharge from all jigs in order 
to reclaim the coal broken in jigging. The percentage of domestic sizes re- 
covered is unusually low on account of the low grade of the breaker feed. 

Hudson Coal Co., Marvine breaker (66 A 422). Fig 22. 


Location: Marvine, Pa. 
Capacity: 5000 tons per 8 hr. 
Building: Steel and concrete. 
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a, About 2000 ft. apart. Identical equipment. 6, Two men pick slate. c, Set to 
crush to steamboat size and smaller. d, 1100ft.long. e, Duplicate of No. 1. f, Depend- 
ent upon market demand. g, Set to produce egg size. h, Delaware, piston type. (See 
Sec. 9, Fig. 15.) i One boy on each chute. These boys are necessary in order to get 
clean coal and to keep coal out of the slate product. 7, Nos. 2, 3 and 4 buckwheat mixed. 


Fig. 22.—Marvine breaker, Hudson Coal Co. 
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Summary. There is no pure-coal section. The distinctive character- 
istics of the flow-sheet are: (@) jigging at broken size; (6) sizes from egg to 
No. 1 buckwheat, inclusive, are jigged; (c) material finer than No. 1 buck- 
wheat is tabled to remove pyrite. 


General summary of anthracite flow-sheets. 


The characteristics common to all breakers are sizing before concentration 
and concentration at all sizes from +6-in. (ump) down to +1-in. (nut). 
With very clean run-of-mine coal, clean coal and waste slate are the only 
products made in each concentrating step (see the Kingston breaker). With 
less-clean breaker feed, bone (middling) may be taken out at the coarser 
sizes, but waste is rejected at all sizes from lump down and clean coal is made 
at-all sizes from broken or egg down. (See Brookside, Pennsylvania, Drifton, 
Rahn and Marvine breakers.) Occasionally, as at the Wanamie breaker, 
rejection of waste does not start until the egg-size jigs are reached, although 
clean coal is taken at broken size. Concentration below pea size is the ex 
ception rather than the rule, but many recent breakers jig the buckwheat 
size (see Marvine, Rahn and Drifton); rice size is jigged at Brookside; and 
material finer than buckwheat is tabled at a number of breakers (see Marvine 
and Brookside). 

Control of product. According to Ashmead (27 CA 693) a 50-Ib. grak 
sample is taken from just below the surface of each carload of domestic-size 
anthracite. This is blown with a jet of Nve steam, then spread on a table 
where it quickly dries and ts picked. 

Allowances of slate and bone at Hupson Coan Co. were: 2 per cent. slate and 4 per cent 
bone in egg size; + per cent. bone and 4 per cent. slate in stove size; 6 per cent. slate iz 
nut size and 10 per cent. slate in pea size. Cars failing these tests were 9.45 per cent. it 


March, 1922. These were dumped on the condemned-coal conveyor and returned to the 
plant. 


Handling the coal en rowfe is almost as important a part of the design 
of anthracite breakers as concentration, on account of the great spread in 
price between the domestic and steam sizes and the consequent necessity 
to prevent breakage. All apparatus is chosen with the view to eliminate 
tumbling, free fall, and rapid travel or sharp turns in chutes. 


The importance of eliminating drops is shown by a test made at the breaker of the 
CRANBERRY CREEK Co. near Hazelton, Pa. (29 CA 305) to determine the effect of droppins 
run-of-mine coal 4 ft. into a chute at the head of the breaker. Results of sizing tests ar 
shown in Table 23, indicating a reduction in tonnage of the prepared sizes of 6.4 per cent 
due to the dump. At this breaker this amounted to 29,906 tons ef coal out of 549,071 
tons of breaker feed in 1918. During this period the average selling price of preparec 
sizes was $6.80 per ton against $4.18 for the smaller sizes, so that the breakage representec 
a loss of $2.62 per ton broken or $78,000 odd for the year. The inerease in ccna (slush 
was 3.0 per cent., according to the table. If this is reckoned as derived from all sizes 
it represents 18,000 odd tons at $5.49 average price for all sizes or $99,000. 


Special toothed roils are used that break with a minimum productior 
of fines (see See. 3, Art. 14). Shaking screens are preferred to revolving 
or fixed-inclined screens. Elevation is confined, as far as possible, to the 
initial entry into the breaker, and if intermediate elevation is necessary 
slow-speed drag conveyors are used, if possible. Bueket elevators should be 
employed only as a last resource, and should be arranged to load and dis 
charge with minimum drop of material and be run at slow speeds. Specia 
chutes are almost invariably used for lowering material from machine te 
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machine, whenever any considerable vertical drop is necessary, and for charg- 


‘ing finished sizes into the loading bins. 


(See Sec. 20, Art. 9.) 


Labor required in anthracite preparation (operating labor), as given 
by Ashmead (66 A 422) is shown in Table 24. The wet breakers employ 


the least men, the wet-and-dry the most. 


Table 23. Breakage in dumping run-of-mine anthracite. (After Ashmead) 
Per cent. weight 
Size 
Before After 
dumping dumping 
Harn. Saas Seek, gen 34.5 25.5 
Stemmboatient 3. 286. 3)°4 20.4 20.3 
Broken, See eee eee £2.) 12.5 
EO te. MP ds, . ee 6.8 7.8 
TRON CER cred if Bi tele ates AMR, pd 5.1 oS 
IN Ueto PRES SRSS TK 0 EA! 5.5 6.6 
Dest thscrid igh fen aeyesraty- ays | 
No. jy Buckwheat?f a. f. 4 { 11.5 14.6 
RACE Pree he 5 tess 6 Ao ye he nite | 
IBavley ah, Bite AO eee Fey Se, } 
PARE, UR). SEs ce ee ees 4.1 ieee 
Total prepared sizes...... 84.4 78.0 
Table 24. Operating labor required in anthracite breakers. (After Ashmead) 
Wyoming Valley Field 
Preparation method employed 
Dry Wet-and-dry Wet 
Number of collieries reporting................. 14 22 30 
ments OL-coal produced 2a. a 5,674,010 10,845,542 17,120,602 
Tons of coal prepared per man employed on prepa- 
PU ODM TEM caves seth. faryighoe ts. | eM 7,020 6,420 7,120 
Percentage relation of preparation men to outside 
ET HOVCCS EM Mt fee aes ee ee ee 38.7 34.4 34.3 
Percentage relation of outside employees to total 
eID OV eesti aad Gti, ied SOILST 2 ; 20.8 24.1 22.2 
Percentage relation of outside employees to inside! 
“TO NSNIECSS Saecenitne cea Ree a | 24.8 31.6 28.6 
Lehigh Field 
Number of collieries reporting... 2.00.20. ee ee eee 5 5 4 
ELGNS! Of .COal PLOdUCE ..> . ie. clenetele spssayraysy> - Le glans vuesee ies 2,241,783 1,597,216 
Tons of coal prepared per man employed in preparation. ..... 4,930 6,000 
Percentage relation of preparation men to outside employees. . 2F 9) 25.6 
Percentage relation of outside employees to total employees... 38.6 36.4 
Percentage relation of outside employees to inside employees. . 68.0 57.2 
Southern Field 
Number of collieries reporting. ........-...-:0 cece e eee eee: a 64 - 
Tons of coal produced...........-.+00s eer rere es baeleb rae! 2,655,615 20,352,232 
Tons of coal prepared per man employed in preparation. ..... 5,290 5,730 
Percentage relation of preparation men to outside employees. . 33.5 26.0 
Percentage relation of outside employees to total employees... . iz Bee 


Percentage relation of outside employees to inside employees. . 


BV arintion in labor requirement with tonnage treated is shown in Fig. 23. At Buck Run 


breaker, treating 900 tons per day, wet, with no pure-coal section, 35 men are employed 


making 25,7 tons per man per 8-hr, day, 
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Water consumption in anthracite breakers ranges from 0.63 gal. per 
min. per daily (8-hr.) ton treated in the so-called dry breakers, which use 
water only for the fine sizes, to 1.54 gal. in the wet breakers in the lower 
(low-grade) field. (66 A 422.) Griffen (66 A 514) averages the water 
consumption at, roughly, 1 gal. per min. per daily ton of production. 

Power. An idea of power consumption may be obtained from the de- 
scription of the Drifton breaker (p. 48). 


Bituminous-coal preparation. 


From the viewpoint of preparation, bituminous coals, as mined, may be 
divided into two groups, the first, comprising the bulk of the total produc- 
tion, requiring no cleaning, while of the rest, which requires removal of 
some impurity, only a part, amounting to between 5 and 10 per cent. of 
the total bituminous production, requires WASHING (gravity concentration). 

The important removable impurities in bituminous coal are shale, clay, 
pyritic sulphur and bone. When the run-of-mine product is coarse, hand 
picking is the easiest and cheapest method of removing shale and bone, but 
when, as is frequently the case, upwards of 50 per cent. of the product delivered 
at the surface is —1)4-in. 
slack, separation by picking 
is uneconomical. With very 
soft coal the Bradford breaker 
takes advantage of the rela- 
tive toughness of the shale to 
deliver it as oversize sepa- 
rated from the coal and fine 
shale, which discharge as 
{oo 200 300 400 500 600 700 800 900 1000 110012001300 1409 URdersize. Separation of 

Yearly Output in Tons, Thousands pure coal from free shale 
and from free pyrite is easy, 
since the free-settling ratios 
are about five and twelve 
respectively, but if there is much bone (sp. gr. from 1.85 to 1.70) the problem 
becomes more difficult, particularly as regards the finer sizes, and the fact 
that crushing is rarely carried far enough to free either shale or pyrite with 
any pretense to completeness makes high elimination of either ash or sulphur 
unusual, While no general rules can be set down, experience shows that 
reduction in sulphur content ranges in general between 25 and 40 per cent.., 
rising to 50 per cent. on some coals and even higher in a few exceptional 
cases. The organic sulphur is practically unaffected by washing, as is shown 
in Table 25. According to Campbell (63 A 683) a reduction of 50 to 60 pel 
cent. in ash content is a fair expectation. 

Steam-coal tipple. Much coal is shipped directly as brought out of th« 
mine. Most of the clean-coal mines, however, are provided with at least 
simple screening plant (TIPPLE) in which crude separation is made on a screer 
of from 1- to 3-in. aperture (commonly 114-in.) between sLAcK (undersize) 
and Lump (oversize). 


Tig. 23.—Labor in anthracite preparation. 


Fig. 24 shows a well-arranged tipple for handling steam coal. At the left is a dump: 
house for receiving run-of-mine coal that is to be shipped as such, a feeder and an elevating 
conveyor which delivers by way of an adjustable chute to railroad cars. At the righ 
side are another hopper, feeder and conveyor delivering to the screening plant Thi 
plant is flexibly arranged to permit of several dispositions of the coal, e.g., (1) delivery fe 
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screen (a) with aperture of from 3%-in. to 1}4-in., the undersize going to the slack bin for 
shipment and the oversize to wagons or trucks for domestic consumption; (2) delivery 
to screens (b) fitted with, say, 4- to 6-in. screen, and screen (c) fitted with 114- to 3-in. 
screen, thus producing lump coal on track No. 2, egg size on track No. 3, and slack through 
the bin onto track No. 4. (3) By putting blank sheets into screen (c), run-of-mine coal 
_may be delivered onto track No.2. (4) By putting a slack screen on screen (b) and deliver- 
ing directly thereto from the conveyor, fine lump may be delivered on track No. 3 and 
slack on No. 4. (5) Finally, by putting blank plate on screen (6) and delivering directly 
thereto, run-of-mine coal may be delivered to track No. 3. Provision is also made to run 
slack to storage by means of a conveyor under the slack bin. The screens shown are of the 
fixed-inclined type (Sec. 5, Art. 4), but may also be either rotary or shaking types, which 
reduce the required headroom. They are built to allow ready change of plate, in order 
to attain the flexibility described. 


48" Apron 
conveyor 
Dump house 


Fic. 24.—Typical steam-coal preparation plant (after Read, 6 CA 255). 


When a coal requires cleaning, the treatment demanded depends upon 
the character of the coal. In some coals the removable impurity (FREE ASH) 
occurs in the coarser sizes and the slack is of better grade than the run-of-mine 
coal. 

Example: At Pocanontas Coat Co., Palmer, Wash. (28 Bul. UW 143), the +%-in. 
raw coal assays 41 per cent. ash, the — 3%-in. 27.8 per cent., and the total 35.3 per cent. 


In a converse case the impurity concentrates in. the slack. 


Example: At Renton Coat Co., Renton, Wash. (ibid.), the entire coal assayed 18.7 
per cent. ash, the + 3-in. size 13.3 per cent., and the — 3-in. 25.6 per cent. 


In another class of coal the impurity is of substantially uniform distri- 
bution and two cases arise: (a) when the coal is non-salable without cleaning 
and, (b) when cleaning improves the selling price in an amount greater than the 
cost of the cleaning operation. With a coal such as the latter it may be that 
the slack will not stand the cost of further treatment while the coarser 
sizes will. This is frequently the case when the coarse coal is sold for 


domestic use. 


Table 25. Effect of washing on sulphur reduction in an Illinois washery. (After Fraser & 
Yancey, 63 A 778) 


Percentages of sulphur 
Material j 
Total Pyritic Sulphate Organic 
RMON tata sits ch fee oo 1.83 1.04 Trace 0.79 
Washed coal, No. 1 size...... 1.81 AO De ge | eke 0.76 
Washed coal, No. 2 size...... 1.56 eo me ng eee Sic. 0.78 
Washed coal, No. 3 size...... 1.5% O:.. 82 Doses a. i 0. 75 
Washed coal, No. 4 size....... 1. 5 Ont scubktrrsaeson of 0.76 
Washed coal, No. 5 size...... 2.33 Sy Eee Cera 0.76 


Nore: In another case sulphate sulphur was reduced from 0.11 per cent. to less than 
0.01 per cent. by washing. 
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The greater value of cleaned coal is due to its greater heating value per 
unit of weight, the lower freight charge per unit of heat, the greater absolute 
heating value due to the removal of non-combustible heat-consuming ma- 
terial, reduction in clinkering and in the weight of ash to be handled, re- 
duction in the amount of smoke and soot, and reduction in corrosive effect 
of the gases and soot. When coal is to be used for making metallurgical 
coke, the requirements of high compressive strength and low-sulphur content 
in the coke bar high-ash high-sulphur coals although the coals themselves 
may possess the essential coking characteristic. Frequently washing will 
remove the objectionable ash and sulphur sufficiently so that the residue is 
suitable for coking, in which case the value of the coal is considerably enhanced. 

Cleaning plants vary in complexity from relatively simple screening and 
hand-picking tipples, in which the coarse material only is treated, to relatively 
complicated gravity-concentration plants with close sizing preceding jigs 
or pneumatic tables. Shaking tables are used in some cases to clean fine 
sizes. Flotation and granulation are both applicable to cleaning very fine 
sizes, although both processes are relatively expensive and economically 
useful, at the present, only in a few special cases. 

The flow-sheets for bituminous preparation are simpler than those em- 
ployed for anthracite, the apparatus is generally fed at a higher rate, and 
the results, from the standpoint of concentration, are not so good. 

The requirements of bituminous users are not, in general, so strict as those 


Table 26. Trade sizes of bituminous coal (35 of anthracite OO ELSS and the 


Illinois washeries).. (After Lincoln) selling price of bituminous coal 
: , will not permit more elaborate 

Name of size | Upper limiting | Lower limiting | cleaning. 

screen, inches | screen, inches ee i ‘ 
‘ Sizing. When bituminous coal is 
Nut se ore. fe 2% to 1% 1% to % prepared for domestic use, it is graded 
SEAR. 2 to % 346 to 0 into a number of sizes as is domestic 
Wor bikextnat 334 to 3 3 to2k% anthracite, but ordinarily not so many 
NOC a 3% to 1% 2% to 13% sizes are made and the trade sizes are 
Noma vextran: 21% to 134 134 to 134 not so closely standardized. Lincoln 
INOUID: eet 2% to 1% 1%to % (11 Bul. UI No. 9) gives the data sum- 
Niger. 1% tol Tee Shows marized in Table 26 showing Illinois 
Sele te deena % to 3% % to 6 Soe ag 
Spc wi Gceel %to 346 to A 

DO Sty, 41 AY Hand-picking plants are used 


for coals that have the impurity 
concentrated in the coarse sizes, or when the slack will not stand the cost. of 
washing. Fig. 25 shows the flow-sheet of a relatively small but well-arranged 
plant. The apron feeder (g) and clutch drive on conveyor (k) permit indi- 
vidual carloads to be spaced on the picking table and the waste therefrom 
to be separately collected and weighed and, if desirable, set aside in cars 
for the loader’s inspection. 
Imperial Coal Corporation, Diamond mine (19 CA 1111). Fig. 25. 


Location: Johnstown, Pa. 
Capacity: 225 tons per hr. 


Summary. Screening into two sizes of lump coal for hand picking. Sub- 
sequent separate shipment or re-mixing as desired. 

Picking and screening plants. Jig. 26 shows plan and elevation of an 
unusually elaborate plant for screening and picking bituminous coal, the slack 
being suitable for coking without further treatment other than crushing. 
The figure is self-explanatory, except that it is to be noted that the nut size 
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is re-screened in a revolving screen between the nut shaker and the picking 
table. Maximum capaciry of this plant is 750 tons per hr. Loading booms 
with adjustable finger chutes at the discharge end permit loading of sized 
products with a minimum of breakage. The flow-sheets (Figs. 27 and 28) 
show plants similar to a simple anthracite breaker for preparing coal coarser 
than slack for domestic use, the slack being sold without cleaning. 


Cars by train (a) 
Car haul (b) 


' Coat Empty 
N: , : 
een alatior aL Bales. Receiving hopper (f) Car hawt (e) 
by’ rae y Apron feeder (g) Switching yard 
fult-rotary dump (d) Chu he SSS 
{ 
Flap gate 
Alternatives 
To cars Shaking screen, 3 44-in. holes (h) 
(+) C) 
Shaking screen, 1% x1 Yin. stepped slots (h) 
(+) (>) 
Chute 
Circular picking table (i) C i] is 
Refuse (j) Lump coal (n) 
Scraper conveyor (k) Loading boom (m) 
Alternatives‘ Cars 
= 
Dump Loaders car (1) 


a, Upwards of 50 cars to a train, electric locomotive. 6, 12 ft. 8 in. center to center 
of sprockets. Chain bars, 244 X %-in.; pins, 1-in. steel. Forged-steel hooks, es ee 
car axle or special plates, are placed at 10-ft. 8-in. intervals. Speed, 35 ft. per min. ee 
shaft, 31546 in.; tail shaft, 2746 in. Average carload is 4200 lb. and haul will move the entire 
train. 10-hp. motor drives through belt, cut-steel spur gears and roller chain. 14-in. 
friction clutch on drive pulley. 0.6-per cent. adverse grade. C, Quick-weighing type, 
with reading dial. d, Push-button control. Locking, turning and discharging empty 
cars, automatic. e, Capacity is 50 empty cars on adverse 0.6-per cent. eyes Empties 
weigh 1700 lb. each; 60 ft. per min.; 44 ft. center to center. Hooks at 5-ft. 4-in. centers. 
‘Chain and shafts as in (6). Rachet-and-pawl safety device on head pulley. f, Air-con- 
trolled flap gate permits discharge through either of two feeders. gy 17 ft. long, 6 se Ht 
wide, 14-in. double-beaded pans. Ah, 6 ft. wide X 16 ft. long. 3{e-in. side plates = pan 
bottom plates. i, 10 ft. inside diameter, 20 ft. outside diameter, divided by ory ar par “s 
tion. Lump on outer deck and coal on inner. 59 ft. per min. mean ange. 14-in, ae FAN 
able cover plate. 25-hp. motor for two tables. j, Picked. k, Conveyor a hast 
from 1.5-ton scale so that waste from any car can be read. 1, To be ca a ee se 
inspection. m, Jointed 36-in. pan conveyor, outer 21.5 ft. hinged, and raised an ly 
by 2-ton electric hoist. Belt speed, 75 ft. per min. Raising speed, 17 ft. per min. n, Sizes 
may be loaded separately. ; 

Fic, 25.—Imperial Coal Corporation. 


Economy Domestic Coal Co. (19 CA 1151). Fig Di. 


Location: Riddlesburg, Pa. 
Feed: Hard, semi-bituminous coal. 


O’Gara Coal Co. (25 CA 567). Fig. 28. 


Location: Harrisburg, Il. 
Capacity: 3000 tons per 8 hr. 


Washing is employed whew the slack requires cleaning. In some ioe 
the coarse sizes are hand picked and the slack washed, in other cases both 


. ' 
Waste (a) Coal Coal Waste (a) 
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129" Conveyor from 
dump to screen 


Ki--6 Note: Picking tables are 48-in. pan 
conveyors traveling 40-ft, per min. 


hE SELES, Bi {2316's 


t A Shaking screens H Slack loading track 
Local Cross Convey Obs B Lump and egg I 200-ton slack-storage bin 
storage to local picking tables K Conveyor from storage tT! 
6 storage bin —_D Nut picking tables to puiverizer S 
= C C Refuse conveyors L Coke larry = 
3 Nut loading track M Conveyor from aie 3 
i == Egg loading track slack storage to = 
EL Ae 1 = G Lump loading track cross pulverizer 3 38 & 8 
| 2 
Coke track Wit] © So Fe \ 
! i > 2) 5 
Lump picki tals SNae 
ump pickin Ss 3 
lane = wi | os Scraper conveyors = \,* 
rea Wis Larry tracks for feeding & 
99 picking Seer: 2 
table = shaking screens 


Nut picking 
table 


LZ 


r i 1 aS ii ATE [ : 
cols me mnie a Nut track is ql > < 
R => fil ie a ~99-47'-6"- <- 
Lump track re 3 Vea > C. L. of bent 
a ae 


Bone coal bin 


Pulverizer coal 
storage 300-tons 


Refuse storage. 
40-tons 


7 
Bh gehen in sla 
es SE ene gos Pulverizer house Satin in 


Fie. 26.—Screening and picking plant for preparing sized bituminous coal (after 
Read, 6 CA 255). 


Cars from two mines 
Phillips cross-over dump 
2-deck shaking screen 


+4-in, +214 -in. () 
Picking chute Picking chute 


Toothed rolls 


4-deck shaking screen 


[ | | 
+ 3-in. +2 -in. + 1° -in. + /-in. G) 
Egg size Stove size Nut size Pea ize Slack 
Chute Chute Chute Chute Chute 
Loading pocket Loading pocket Loading pocket Loading pocket Loading pock 
Lip Seren Lip screen Lip screen Lip Seren 
(+) (—) (+) j) (te) (7) (+) (-) Cars 


a. Picked. 
Fie. 27.—Economy Domestic Coal Co. 
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coarse and fine sizes are washed, either together or separately, and in yet 
other cases the coarse material is crushed and the whole coal washed at —3-in. 


size or smaller, 


Car dump 
Weigh hopper 
se Alternatives 
R.R. car Feeder 


' 
Alternatives 


2-deck shaking screen, %-in. and 1 ¥,-in. openings, (a) 


ay ‘in. -1%,-in. cope) 
\ 
Alternatives Alternatives 


~%-in. bin -1-in. bin 14 + A-in. bin 


2-deck sectional shaking screen (b) 


—2+ 1%-in. —3 + 2-in, -6+3-in. + 6-in, 
Picking table Picking table Picking table Picking table 
Waste Coal Waste Coal Waste Coal Waste Coal 
Loading boom Loading boom Loading boom Loading boom 
R.R. car RR. car R._R. car RR. car 


Conveyor (c) 
Rock bin 


a, Screening surface on each deck 29 ft. long. 6, Upper deck has 18 ft. of 3-in. and 8 ft. 
of 6-in. screen followed by a blank section; lower deck has 18 ft. of 2-in. screen. 


Fig. 28.—O’Gara Coal Co. 


The devices used for washing range from crude trough sluices to fairly 
elaborate jigs. Recently, also, shaking tables have been used to some extent 
and several plants have been built that employ pneumatic concentration. 

Washeries are frequently named from the particular type of concentrating device used, 
e.g., » Stewart washery or a Luhrig washery, indicating that Stewart or Luhrig jigs are 
employed. 

Trough washeries are the simplest and crudest form of washing plant. 
These plants have been used rather extensively at English and Scottish 
mines. Typical flow-sheet is given Run of mine coal 
in Fig. 29. For data concerning Water 
size and performance of coal-wash- ayolohiwasher 
ing troughs, see Sec. 8, Art. 12. f 1 

Elliott washery. See Sec. 8, om oe 

Dewatering conveyor 


Autom 2, 
Rheolaveur washery isa modern —Dewatered coal Sludge 
development of the trough wash- Settling pond 
ery. c. 8, Art. 5, for deserip- 
AS aia ; E Solids Water 


tion of the Rheolaveur apparatus.) 
Fig. 30 shows the arrangement of Fic. 29.—Flow-sheet of a trough washery. 


a typical plant. This type of \ 
washery has made considerable advance in England and has given promising 


60 . METALS AND MINERALS. Sec. 2. 


results in the United States. The cost ata British washery (1923) treating 
100 tons per hr. was $0.055 per ton (67 IME 501). 


Siack coal 


Primary Rheolaveur with 8 to 10 spigots (a 


Spigots 1 to 5 Spigots 6 to 8 - 10 (c) Overflow 

5 - spigot secondary Rheolaveur (b) Alternatives. 
Spigot products Overflow Clean coal 

' eS 

aa Elevater 
Screen to pass y - in. material 
SL. ee) eee 
(Ce) aw 


8 or 10 - spigot Rheolaveur (a) Clean coal 
Spigots 1 to Spigots 6 to 8- 10 (c) Overflow 
5 - spigot Rheolaveur Drag dewaterer 
Spigot products Overflow Seis Deieaseree material 
Waste Elevates Settling pond Clean coal 


Solid Water 


a, Run with weak rising currents. 6, Run with strong rising currents. c, If a second- 
grade coal is desired spigot products 8 to 10, e.g., may be diverted directly to this supply 
or sent to another, secondary Rheolaveur which will remove more impurity and insure a 
relatively constant grade. 


Fria. 30.—Rheolaveur washery. 


Tube washeries employ some form of tubular classifier as the separating 
device. They treat relatively fine, sized feeds. Fig. 31 shows a typical 
flow-sheet. (See also Draper washer, Sec. 8, Art. 5.) 


Raw coal,— % -inz size 
Screens, %6-in., Jyg-in. and X,-in. apertures 


-% + 7ie-in. —Ho.t fis -in, —Nest (2 -in, —Yeo-in, 
' 
Tubular washer Tubular washer Tubular washer Tubular washer 
Spigot Overflow & 0 0 8 QO 
Orag dewaterer Drag dewaterer 
Waste Water Overflow Clean coat 


Settling tank 


Fia. 31.—Tube washery. 


Tank washeries are those that employ tanks like the Robinson, Howe, 
Chance or Conklin washers as the principal separating machines. Figs. 32 
and 33 show a typical Robinson washery. 
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Raw screenings jin cars (-%-in.) 
Car unloader 
Bin 
Robinson tub washer (40 te 50 tons per hr.) 
Coal Refuse 
Rinsing tank Dump 
Ss 
Drag screen with spray water (a) 
Dewatered coat Undersize 
Shaking screen (b) Settling pond 
Se @ Settlings Water 
Nut bin Slack bin For re-ttaé 


a, 4 X 20-ft., 342-in. round holes; slope, 40°; 100 ft. per min. 6, Parrish type, sup- 
ported, 4 X 10-ft., 156-in. round holes; slope, 4°; 132 @ 6-in. strokes per min. Feed, 34 
tons per hr., — %-in. slot. 

Fie. 32.—Robinson-tub washery at B. F. Berry Coal Co., Granville, Ill. (after 


Lincoln). 
} NC 
ea = = = : Picking table 
Washed! } S 
cecal |e > 
ry ese SS 
H : =| E= So = 
BE | = I= A 
areH] T We VTE Were B 
Larry car — 400-ton Refuse &% 
washer -ZATaA 4 2a gal ean ATE TA ET EIT > 
Slack, Nut Pickings Eggand Lump 


lump 
Fig. 33.—Robinson washery. 


East Broadtop Railroad and Coal Co. (PP 1535-F A.) Fig. 34. 


Location: Mt. Union, Pa. 
Capacity: 500 tons per hr. 
Coal: Low-volatile, slow-coking; 
Power: See Table 27 

Labor: 24 men per shift. 


ash of high-fushion temperature. 


Analyses: 
Ash, 5, 
per cent. per cent. 
Washed coal, —4144 +1-in............. 7.0 Ino 
Wiashedrcoal ale caine crencrnersrer rt (haat 1-22 
Blew COs), = Pe1104.. dh ak cclrenis hevetece ooh u0 76g) 1 Nha 
Shipped, mixture, —1-in................ 7.4 1.20 


Total refuse = 4 to 5 per cent. of feed, indicating about 214 per cent. ash reduction. 
Estimated cost of plant, based on complete new tipple, $125,000 to $150,000. 
Cost of operation: $0.0964 per ton of coal shipped, based on 24 days per month at 400 


tons per day and average labor cost $0.80 per hr. 
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Mine, 30 miles distant 


“ 2 feeders Narrow-gage cars, 30-to 35-ton 
2(@ 42-in. COM COU Crs 8-car track hopper 
Alternatives 


Raw run-of-mine 


Shaking screen (a) 
SE Eee 
#10-in. -10+ 4% -in. ~4%,-in. (c) 


Picking-table loading boom (b Picking-table loading boom (b) 12-in. x48-in. scraper conveyo 
Cleaned lump Refus 5 Cleaned /ump Refuse 
Cars Waste Cars Dump 3 


4(@ 2-deck Shiley (mechanical) vibrating screens (d) 


+1-in. alse ¥,-in. Gk) 
10x19, -in. scraper conveyor 19x19 %-in. scraper conveyor 
30-in, inclined belt conveyor 80-in. inclined belt conveyor 


1-deok Shiley screen, 1-in. aperture 


1 @ 10-ft. sibenaeiakiaia Chance washer (1) my —2teck shaking screen ) _, 
aS 4), + 9-in., -2+]-in. (-) 
Refuse Overfiow Aliernative Alternative 
Scraper conveyor Loading boomy Loading boom 
De-sanding shaker (j) Cars Cars 
H) cee ARS) 


Waste 


1-deck Shiley screen, %>-in. aperture 
i) 


+) 
1 @ 10-ft. anthracite-type Chance washer (I) 
Ri Sa) es ae Pe 7-deck shaker 
Refuse Overflow we SS = 
SS 


: ; 2-deck shaking screen (i) 
Conical sand sump, 21-ft. 4-in. diam. (i) as et) 


Overflow Spigot 60-in. (@ 2-compartment apron mixing conveyor 


a 
Small rectangular settling box (e) Alternatives 
y ee ; 

Overflow Settled solid pe water ie 48-in. belt conveyor 


; ae ; i 
Waste water and fine silt 49, in, centrifugal pump (g) Sigh Cin, caus p) 
Waste Cones, shakers, ete. REC honoareones 


CoD ates 


a, 6 ft. wide X 25 ft. long, 414-in. rd. holes followed by bars with 10-in. spaces. 
b, Apron-conveyor type. c, Exceeds 400 tons per hr. d, Slope about 30 per cent., 1200 
to 1500 vibrations per min. 114- to 14-in. screens on upper deck and %- to %-in. screens 
on lower deck. e, Acting as feed box for centrifugal pump. /f, Actual] lift about 14 ft. 
Capacity about 1000 gal. per min. 25-hp. motors. g, 2500 gal. per min. capacity, 50-hp. 
motor. h, 200 to 300 gal. per min. of make-up water added here. i, Top deck 5 X 26 ft.; 
bottom, 5 X 23 ft. with a 4 X 17-ft. shaking-chute extension. Upper deck carries a 
5 X 9-ft. de-sanding section with 342-in. round-hole bronze plate. Upper and lower decks 
driven by separate eccentrics set 180° apart and both screens driven from a common shaft 
with 48-in. flywheel to partially overcome lack of balance between upper and lower decks. 
160 r.p.m. j, 3-ft. 6-in. X 11-ft. 6-in. top deck (342-in. screen) and 4-ft. X 1L1-ft. 6-in. 
bottom deck with blank plate, 160 r-.p.m. k, About 70 tons per hr. J, Classifier columns 
are 22-in. diameter to permit handling large sizes. Hydraulic thrust valves, manually 
operated are used for trapping out slate. Sand loss was between 1.0 and 1.5 lb. per ton 
of coal washed. Sand cost was $1.59 per ton f. 0. b. plant. Specific gravity in coarse cone, 
1.55; fine cone, 1.45. Performance of coarse cone: 


Ash, Ss, B.t.u. 

per cent. per cent. 
Rawicoal,< AY Veins 55 o checeebesevecpiana' Gero oe : VAN as 1.58 13,680 
‘Washed! coaliy preven. cha sere tare ied ow cuit cdi, ore aads 7.42 1.10 14,580 
Refuse (including that from fine cone),....... 58.60 3.59 5,602 


Density is tested four times per day. 
Fie. 34.—East Broadtop Railroad and Coal Co. 


Art. 12. COAL 63 
Table 27. Motor distribution at the Mt. Union plant. 

Use Type Drive Hp. 
INI, SSG Rea Re ee Se eee ae eer Squirrel cage | Unit belt 15 
RGM SCOOUOD= = ME ater, TB. ens ee es Squirrel cage | Unit belt 15 
Rie t APLOM CONVEYOE. <1. oc cos teh Dee Squirrel cage | Unit belt 30 
EVO. 2 ADROM- ROM WOVE 0% Gl eevee chee cae Slip ring Unit worm 30 
NCS ICC cone ie Se at eee an Squirrel cage | Unit belt 20 
All transfer scrapers and apron conveyors .| Squirrel cage | Group chain 40 
Ain belt COnVey OL. 22.6 5 4 os saith sles Squirrel cage | Unit worm | 15) 
O-wibratory sereens ss. . .. 65. sc saya. ee Squirrel cage | 6 @ 3-hp. V-bolt 18 
Picking-table and loading booms.........| Squirre. cage | Group gear 35 
OOmMENOISUS wtatt-ee Ae)... SN wads pops: Rest xy) 4 Squirrel cage | Unit hoist 20 

Total feeding, primary screening, con- 

VE Vine gANCol Oa Ue s cee ett atte al ee RS ee ean fia ames nee ek ae 228 hp 
Wones OO-Uie Delos teen Mee cae eT Nee ee | eee eee ey ee Pie 
CEnwevOrse CELUSEs See seat sere ee Sem LEG ER: SEMMANOITD AL: tI RAID fA. LSet Moe S dee et lioingn “190 
Shakers and conveyor...................} Squirrel cage | Group belt 75 
Clean=coal- shakers, cer ksh oc SS. PATER. Unit belt 30 
IN OMAUSAIGS UID creme aed <cieck cme fs ek ee Squirrel cage | Direct connected | 25 
No: 2 sand “pump .37). Lh oh ake at Fe Squirrel cage | Direct connected 25 
HOR eCInCUIAbIDE PUMP sain cm oe ee ye es Squirre cage} Direct connected 50 
Slate-valve; pump -.4 OE dee eg de eh Squirrel cage | Direct connected 20 
NW CEST) OSE Wee One eR a ee Squirrel cage | Direct connected 15 

Total cleaning and sizing... ... pene ree ec eee 240 hp. 
Rofalnconnectecmicad forentire tipples|” ...0.c2:).0--s \ pualven cia eather s «ce ene 460 hp. 


1.09 tons per hp.-hr. (installed) for entire plant; 1.37 


sizing and washing. 


tons per hp.-hr. (installed) for 


Summary. Feed divided at 414-in., oversize hand picked, fines screened 


from undersize and shipped without treatment, —414 + l-in. washed by 
CHANCE PROCESS in two sizes. 


Jig washeries 


In these plants the principal separating machine is a jig. Two general 
types of flow-sheet have developed, depending partly on the character of the 
coal being treated and partly on whether a pan jig or a fixed-sieve jig is em- 
ployed. With coals that are easy to clean and, in general, in pan-jig wash- 
eries, unsized slack as coarse as 3-in. maximum is fed directly to the jigs 
and any sizing desired is performed on the washed coal. Many plants treat- 
ing difficult coals size closely before jigging and for treating the sized products 
use piston jigs. The Srewarr wasuery (Fig. 35) is typical of the use of 
pan jigs. The Tennessee Coal, Iron and Railroad Co. (Fig. 36) shows the 
use of a piston jig in similar service, but taking a much finer feed. The 
plant at Woodward Iron Co. (Fig. 37) is similar to the preceeding but uses a 
second piston jig to re-treat hutch product and crushed tailing from the first. 
At Republic Iron and Steel Co. (Fig. 38) shaking tables are used instead of 
the second jig for treating crushed bone from the primary jig- The Lunria 
wasHery (Fig. 39) shows a plant for treating a difficult coal, with close sizing 
before jigging. 

Chicago and Carterville Coal Co., Herrin, Ill. 
Fig. 35. 


(11 Bul. UI No. 9). 
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&aw screenings at tipple (-3-in) 
Screw conveyor 


4 Stewart jigs 


Coal (252) Refuse Bucket elevator 
2 drag screens (a) Car haul Bi . 
Lt er ac emg earn Settling tank 
Conical revolving sereen, 1%-1/4- and7,-in. rd. holes (b) Sludge Overfiow 
+] Yeo) +14) tH) ~% (88) Bucket elevator Settling pond 
To upper deck (c) To lower deck Revolving screen (28) Waste Water 


SS Ler yi 
2-deck shaking screen (d) ) @ 
CG) «; i 


Rinsing drag screen,%,-in. round holes (9) 
oe 
Bin Bin 


° iS 


@ Numbers in parenthesis = tons per hr. a, 3 X 28 ft.; lower, 7 ft. with 76-in. 
round holes; upper, 21 ft. with 34-in. round holes; slope, 16°; drag speed, 120 ft. per min.; 
feed, 76 tons per hr. each; 25 per cent. passes through the screen. 6, Triple-jacketed, 
compound; inner jacket, 4 and 714 X 17 ft.; intermediate jacket, 672 and 10 X 16 ft.; 
outer jacket, Sand 12 X 15ft.;12r.p.m. Tons feed per sq. ft. per 24 hr. per mm. aperture: 
on coarse screen, 0.22; on intermediate screen, 0.14; on fine screen, 0.12. c¢, 3 X 10 ft., 
114¢-in. round holes, 15° slope. d, 130 strokes per min. g, 34 X 12 ft., set level; drag 
speed, 90 ft. per min. 


Fia. 35.—Stewart washery at C. and C. Coal Co. 


Tennessee Coal, Iron and Railroad Co. (71 A 1100). Fig. 36. 
Location: Bayview, Ala. Capacity: 100 tons per hr. 


Skips from slope 
50-ton bin 
Alternatives 


Belt conveyor 
Belt conveyor 


ees 
(4) 


Railroad cars 
| 
Bradford breaker 


Oversize . Wee 
y on 
20- ton refuse bin creen, ,-in. holes 
! 


@> Belt conveyor 
Waste 
See Rolls 350-ton raw ~ coal bin (e) 
3 feeders 
38@3- compartment Elmore jigs 
Hutch 1, 2 Refuse uanee Be Hutch 3 Value 3 Coal 
Sludge cone Settling tank (a) Settling tank (a) Settling tank (b) 
Settlings Overflow Settlings Overflow Setilings (d) Overflow _Seitlings Overflow 
Water (c) 110-ton bin 110-ton bin (g) 240 : 
R. R. cars R. R. cars a Wie 
——————— ' 
Boilers eee 


Drainings 
2/@ 360-cu. ft. settling tanks 


Settlings 
Overflow Drag elevators 

a, 900 cu. ft. 6, 10,600 eu. ft. c¢, 8.7 lb. of solid per 1000 tons of raw coal. CRE 
per cent. of total raw coal. e, 9 per cent. +34 in. (j). f, 19 per cent. + Win. (f). g, 20 
per cent. + /4 in. (j). h, 14 per cent. + Yin. i, 42 per cent. — %in. jj, These results 
are extremely variable. 


Fic. 36.—Tennessee Coal, Iron and R.R. Co. 


<<. 
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| 
Proximate analyses 
Weight, 4 
er cent. . Fi 
p a Dolley we Ash, s, 
* ’ my , > 
per cent. per wen: per cent. per cent. 
SCORN serait T Cree chin oo rrp shy 100.00 26.42 61.14 12.44 1.76 
Washed coal, — 1.37 sp. gr... .| 82.05 28.18 ~|~ 67.06 | 4.76 1.30 
Boiler coal, 1.37 -1.56 gp. gr..| 6.53 25.45 |} 59.73 | 14.82 2.25 
Refuse, 4+-1.56sp-ger-........|.10.81@) | ..... Hiaiet ties: 62.81 4.74 
Refuse, —1.56 sp. gr......... tea OG 1) Mri regina | 5.19 1.49 
| | 


Woter circulated, 600 gal. per ton of coal washed. Water lost, 27 gal. per ton of coal 
washed. 

Power: 1.24 kw.-hr. per ton of washed coal, 

Summary. Crushing to —34-in. in Bradford breaker and rolls. Jigging 
unsized feed. Recovery of fine coal by settling in elevated cone. 

Woodward Iron Co. (71 A 1094). Fig. 37. 


Location: Woodward, Ala. 


Assays: 
Weight, per cent. 
r - Fixed Float, 
Volatile 
sa ae carbon | Ash (— 1.37) 
ATR OTT) Sa sen RO om SE et ea 26.77 63.52 9.91 
BUOCOM (= S6-10.),. oe ee ee eee 28.03 66.43 | 5.54 Wes. 
Washed coal from primary jigs.....-....|  .22+. | seeee BaF OTE. ee 
Re-washed coal from secondary jigs......| ..... |  «seeee @. 460 ieaberss. 4 
Average washed coal............++++--. 27 .95 66.05 6.00 aan 
REECE TERRE Sek SOS UL ds SETS haere “Ml unt Lit) Beeps aes 3.21 (a) 
(a) Contained 6.58 per cent. ash. are | 
Woter in circulation, 950 gal. per ton of coal washed. Water added, 41 gal. per ton of 


coal washed. 
a 
Belt conveyor 
Bradford breaker 


Oversize 


Hummer screens, %_x/,-in. slats 
=a sa 
an a) 
Bin 


Fine coal 


4 @ 3-cell Foust jigs (a) 


Coal (b) Hutch 1, 2 Hutch 3 Refuse 
COOL her- 
Fapaigtnd oul Bone-coal crusher 


Settlings Overflow 


Settlings 
Elevator 


4-cell Luhrig jig 


Elevator tank 
Overflow 


Coal Refuse 


Elevator Centrifugal punip 
Washed-coul bin Settling cone 


Spigot Overflow 


Elevator tank 


Overflow Elevator 
sf Centrifugal pump R bin 
Elmore dryers ~ Equalizing tank Settling cone Refuse bin 
. fgt > 1 3 at 
Conveyor Overflow Gravity flow Spigot Overflow 


Coke ovens Water-storage tank 


a, 11.89 per cent. ash. 6, 5.52 per cent. ash. 
Fie, 37.—Woodward Iron Co. 
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Summary. Screening to separate fine low-ash coal from run-of-mine. 
Bradford breaker to crush oversize and eliminate coarse refuse. Crushed 
coal jigged, primary-jig refuse re-crushed and re-jigged together with primary- 
jig hutch products. Sizing test of jigged coal follows: +0.75-in., 5.9 per 
cent.; +0.52-in., 2.4 per cent.; +0.26-in., 16.2 per cent.; +0.09-in., 47.4 
per cent.; —0.09-in.; 28.1 per cent. 

Republic Iron and Steel Co. (71 A 1096; 19 CA 807). Fig. 38. 

Location: Risco, Ala. Feed: Coking coal. Capacity: 250 tons per hr. 

Assays: 


Weight, per cent. 


Volatile Fixed 


matter carbon Ash Sulphur 
TRAE CORD. sh Bete ae aie Sede ee aaa 27.75 55.50 16.75 0.90 
Washed coal. cpict.gepertin! cmciscae tne erakeetistarons 28.50 62.25 9.25 0.80 


Refuse is 8.5 to 9.5 per cent. by weight. Coal of less than 1.40 sp. gr. in refuse amounts 
to 1.4 per cent. of such coal fed to the washer. 

Water: Consumption is about 25 gal. per ton of coal washed when draining conveyor 
‘3 not working and coal is loaded out with 10 per cent. moisture. When conveyor is working, 
coal is loaded out at about 8 per cent. moisture, which is substantially the moisture content 
of the raw coal, and water loss is very low. 


Summary. Crushing through 1-in. round hole in two steps, jigging 
unsized feed, and recovering fine coal from circulating water in Dorr thick- 
ener. The contemplated flow-sheet will separate raw coal at 34g im. and table 
the undersize, if necessary, sending oversize only to the jigs. 


Table 28. Sink-and-float test on raw coal. Republic Iron and Steel Co., Risco washery. 
(After Geismer) 


=e Asb content 
Ww 
Sp. er. Lge of grade, 
E per cent. 
—1.35 78.7 7.28 
1.35-1.40 4.7 14.19 
1.40-1.45 4.3 18.24 
1.45-1.50 2.4 22.13 
1.50-1 .55 1.2 28.51 
1.55-1.75 15 35.85 
+1.75 7.2 72.14 


Table 29. Sizing-assay (sink-and-float) test of raw coal, Republic Iron and Steel Co., 
Risco washery. (After Geismer) 


Per cent. float at Pp 
er cent. 
; Per - sink at 1.75 
Size Cenh. 1.35 1.35-1.45 1.45-1.55 1.55-1.75 specific 
specific specific specific specific gravity 
gravity gravity gravity gravity 
—l-in.+%-in..... 18.8 60.7 12.6 3.9 3.3 18.9 
— &-in. + %e-in....}| 45.1 79.0 9.9 3.9 2.6 | 4.6 
— %o-in.+20-mesh.| 27.0 89.5 ob 1.9 1.6 3.5 
c= SiersGahi 0.0, 9.04} on 80.6 08 1D, El 10.4 | =. 12% 
Whole sample.....| 100.0 VO 1bei33 3.0 3.2 6.3 
i} ) 
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Reciprocating feeder 
Marcus screen(b) Apron feeder 
+2h,.in, -2 Yt 1-in, -1-in, Rock Inspection table 
' 
Alternative _ Alternative Alternative 


Apron 
conveyor 


R.R.cars 
| ——___—_5 


Care 
Scales 
Alternatives 
Rotary car dump Rotary car dump(a) 
50-ton’ hopper Hop er 
Alternatives 


Rock bin 


Single-roli 


crusher Alternatives 


Shaking screens 


2- roll crusher 4 -in. openings(c) 


i] 
Elevator ax 
el a ) 50-ton'slach bin 
Shaking screen, 1-in. apertures Apran 7 
Distributing pron feeder 
Se ) conveyor . Alternatives 


36-in. belt conveyor | 200-ton raw-coal bin (i) 


36-in, belt conveyor 3-double rotary 
feeders 


3 @ 2-comp. modified Elmore jigs(h) 


Hutch 7 Slate Bone coal Hutch 2 Coal 
Alternatives Revol. screen.%-in. holes 


q 


(+) 


Draining screen, 
Y,-in. openings 


©) 


aanee mill 


Settling tank Elevator 
| Fir Saas 
Settlings Overflow Alternatives 
El enster levator(d) (e) 
Slate bin 
—— Shaking table 
ee oe ET 
Refuse Coal 


Settling tank 


Overflow (f) Settlings 
Pump Drag elevator 


1 
2 @ 70-ft. Dorr thickeners(j) 


Conveyor 


Water Spigot(g) Railroad bin 


a, When it is desired to inspect a carload. 6, 1-in. and 2}4-in. apertures. c, To be 
used when fines do not require washing and, after the addition of shaking tables, as con- 


templated, to separate shaking-table feed. 
g, 50 per cent. solids. 
per min. each jig. 


d, At present. e, Proposed. f, —60-mesh. 


h, Capacity, 70 tons per hr. each. Circulating water, 1300 gal. 


i, For sink-and-float test, see Table 28; for sizing-assay test (sink- 


and-float) see Table 29. j, With 4 to 6 per cent. solids in the feed the overflow carried 
0.15 per cent. and the spigot product about 50 per cent. solids, 


Fig, 38.—Republic Iron and Steel Co, 
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Taylor Coal Co., Carterville, Il. (Lumrig wasnery) is diagrammed in 
Fig. 39 (11 Bul. UI No. 9). It differs fundamentally from the Stewart 
and other pan-jig washeries in that the feed to the jigs is carefully prepared 
by screen and hydraulic sizing. The result is a more complicated flow-sheet 
and a more expensive installation. 


Raw oer ee -in.) LEAN GAIOS 
ucket elevator . 
Bin Refuse Coal 


1 
Bucket ory oma 2 cylindrical screens, %-in.rd. holes(f) 


(FY ee) 


Triple-jacketed conical screen Mikes 
: ; No. 3 bin 


1%, 1%, and ¥-in. rd. holes (a) 


VF on eS eT & Grading box(g) 
+1%-in. -1%4+14-in. ~lh + %-in. (—) Spigot products Overflow @ 
aeons 8 Luhrig jigs 
Double-jacketed cylindrical 
screen, 3-and 1%-in, rd. holes (b) Refuse Coal 
a cael 
i & Y wi — Cylindrical screen 
Ms ib ° wkK s OQ i ini holes (hk) 
2 Luhrig jigs 4 Luhrig jigs ( at) a mm eae ) 
Coors oe hl? =e | 
Refuse Coal Refuse Coal Chute 
3-jach ngriect Bucket elevator 
yacket cylindrical screen, 
2%-,1%- and %-in. rd. holes (c) No. 4 bin 
oe eee SSE 
All oversize @) Bin C 
Extra No. 1 bin Settling tank 
eee 3jacket cylindrical sereen, Car haul Seti tings Bien "f leap 
2%-,1%- and %-in. rd. holes @) Dump Bucket elevator 
All oversize (23) Drag screen, sin. rd. holes (j) 
No. bin 4 Luhrig jigs Oversize ) 
Refuse Coal No. 5 bin 
: Ce S Settling pond 
2(@ 2jacket cylindrical screens [= 
1¥,-and %-in. rd. holes (e) Waste Water 
a heer 


All oversize (yee r-—— 
No. 2 bin Centrifugal pump 


Feed rate, 200 tons per hr. a, Inside jacket, 544 X 10 X 16 ft.; intermediate, 734 
1214.X 15 ft.; outside, 10 X 14% X 14 ft. Axis level, 8 rp.m. 6, Inner jacket, 2144 X 
5% ft.; outer, 34% X 5 ft. Slope, 446°. 18 r.p.m. c, Inside jacket, 24 X 7 ft.; i 
mediate, 344 X 6 ft.; outside, 444 X 5ft. Slope,34°. 24r.p.m. d, Inside jacket, 314 xX 
7 ft.; intermediate, 414 X 6 ft.; outside, 514 X 5 ft. Slope, 34°. 24 rpm. e, Each, 
214 X7 and 3% X 6 ft. Slope, 314°. 24 rpm. f, Each, 34% X7ft. Slope, 314°. 
24 rp.m.  g, Horizontal-current multiple-spigot classifier. Ah, 5X8 ft. Slope, 1°. 
12r.p.m. i, Not shown by Lincoln. j, 4 X 16 ft. Level. 40 ft. per min. 


Fie. 39.—Luhrig washery (after Lincoln). 


Bumping-table washery is illustrated by Fig. 40. (For description of 
bumping tables for coal see Campbell bumping table, Sec. 10, Art. 13.) 
Cambria Steel Co., Rosedale plant (23 CA 285). Fig. 40. 


Location: Johnstown, Pa. 
Capacity: 4000 gross tons per 10 hr. 


Air-cleaning plants is the name given to plants using pneumatic sepa- 
rators as the principal separating machines. Pneumatie machines require 
closely-sized granular feeds, not too coarse, hence screens are a large part 
of the plant requirement; all of the feed should be crushed to pass a l-in. 
or 1.5-in. screen, or some other method should be provided for handling the 


Eee 
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coarser material 3 and provision must be made for dust separation, collection 
and disposal. Fig. 41 shows a typical air-cleaning plant. See also Sec. 14, 
Art. 2. 


og Cz a, Cobble loss of 1 per cent. 

1000 - ton storage bin b, For performance see Sec. 10, 

2@ 121217 ft Bradford breakers Table 25. c, 10 shallow rect- 

angular concrete pits, capacity 

Part of undersize Bulk of undersize Rock (oversize) (a} of ach 1509 tons. Drainage 
Conveyor 36-in. inclined belt conveyor Waste peas d ordinarily “ four days. 
= Drained coal contains 6 to 8 per 


250-ton bin Horiz. belt conveyor with tripper cent. moisture. Pits are served 
Local boilers Bins by two unloading cranes with a 
EOC Ouers rae chain-bucket digging boom de- 

72 Campbell washing tables (b) livering to a 36-in. belt conveyor 
serving all pits, 


Coal and water Refsee 
Drainage pits (c) Hoppers 
———ee ' 
Cars Fic. 40.—Cambria Steel Co. 
Waste dump coal washery. 


St. Louis, Rocky Mountain and Pacific Co., Brilliant mine (22 CA 791). 
Fig. 41. 
Tipple 
30-in. inclined belt conveyor 
1@6bx12Ft revolving screen, 1-in. and 1.5-in_2q. openings 

+1.5-in. +n. (-) 
5-ton bin 5-ton bin 
Shaking feeder Shaking feeder 20-ton bin 

Spiral picker (e) Spiral picker (¢) 


Rock Coal Rock Coal 2 Reciprocating feeders 


Alternatives 


Loading bin 
= 


2 Batteries of 5@ 4-ft. Hummer screens in series (a) 
in. (é) Ve - in. (@) ej in. 


2 Aspirators ( b) 


Oversize Oust 


+%-in. (A) +'y-in. (a) 4%-in. (2) +H,- 


Each size from each machine separately 
7 -ton hopper 
8.8.4 8. feeder 
1 Pneumatic table 


Coal Middling 
Conveyor 


Conveyor 


i Bucket elevator 
Waste dump 


Storage bin 
b, See Sec. 14, Art. 2. c, Parrish type. Refuse 


a, Spaced 8 ft. 3 in. center to center. 
fe 44-in. (coarsest) pneumatic 


contains about 25 per cent. coal but this is as good as done by the 


table. d, Square mesh. e, Ton-cap. } F ‘ 
Fic. 41.—St. Louis, Rocky Mountain and Pacific Co. 
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Location: Raton, N. M. 

Capacity: 800 tons per 8 hr. 

Labor: One foreman and three laborers. 

Performance: See Sec. 14, Table 3. : 

Cost: Young (loc. cit.) says that the first cost of a dry plant such as this is about 20 
per cent. more than a wet-process plant; that the cost of power is a little higher and of 
labor about the same. 

Flotation is not, at present (1926), practiced in any domestic washeries. 
There are a few plants in Great Britain. A flow-sheet of one of these is 
shown in Fig. 42 (67 IME 510). Ordinarily the feed is — 0.1-in. material, 
but this flow-sheet shows an application to a coarser feed. 

Crushing in coal preparation is never carried to the extent required to 
free a percentage of impurity equivalent to the percentage of metal freed 
in metal concentration. As a result, coal washing must be looked upon as a 
process of concentrating rich middling from poor middling and be Judged 
accordingly. 

In a test by Messmore, quoted by McMillan and Bird (28 Bul. UW 198), a sample of 
raw Washington coal, sized between 34- and 3¢-in., was separated into various specific-gravity 
fractions, each was crushed to pass 60-mesh and again separated by a sink-and-float test. 
The lightest fraction of the original lot (— 1.35 sp. gr.), which analyzed 5.4 per cent. ash 
when crushed, yielded a small amount of material containing 66.7 per cent. ash and the 
heaviest fraction (+ 1.70 sp. gr.), which analyzed 69.7 per cent. ash yielded a small amount 
of material containing 5.5 per cent. ash and 3.3 per cent. with less than 9 per cent. The 
fraction 1.40 to 1.45 sp. gr., which contained 18 per cent. ash, yielded 62.3 per cent. con- 
taining 9.8 per cent. ash and 37.7 per cent. assaying 31.6 per cent. 

Water required in bituminous-coal washeries varies with the type of washer. 
According to Campbell (63 A 683) the average water consumption of two- 
compartment jigs is three to four tons of water per ton of coal washed. O'Toole 
(20 CA 8) sets the water consumption in Jig plants at 6 tons per ton washed. 
Shaking tables require a total of one to two tons of water per ton of feed, 
of which 75 per cent. is feed water. The water lost by leakage, evaporation 
and moisture in the coal and waste is about 50 to 60 gal. per ton of feed. 

Moisture in washed coal is an important disadvantage of washing. 
O'Toole (29 CA 3) points out that when ash reduction is slight and the washed 
coal is to be shipped long distances the freight on moisture added in washing 
may counterbalance the enhanced value due to ash reduction. 

He cites as an example a washed coal shipped from Indiana to Illinois that ranged 


Raw coal (21 6% ash) 25 tons per hr 


Carr disintegrator 


1 
Hummer screen, -in. aperture 


(— (+) 


Reagent |(a) 


Agitation - froth flotation machine 


Froth Tauting 
Oliver filter 20-mesh screen 
a 
Cake (5.3% ash) (+) (j) 
a Plat -0 table Waste (75.8% ash 
Clean coal (5.0 % ash) Middling Refuse (72.8% ash) 


Boiler coal (14.7% ash), 
a, 0.77 Ib. cresylic acid and 0.37 Ib. of gas oil per ton. 


Fic. 42.—Flow-sheet for treatment of —}-in. slack coal by froth flotation at a 
British colliery (after Sinnatt and Mitton). 


COAL 71 


ween 12.7 and 18.5 per cent. moisture as against 4 range in moisture content of unwashed 
is coal received at the same plant of 6.5 to 11 per cent. and an average in Pocahontas 
yal of 2.3 percent. High moisture content adds greatly to the cost of unloading in freezing 
eather. When coal is to be pulverized, it must first be dried, and here again washing is 
isadvantageous. 
Breakage is by no means so important a consideration in bituminous- 
preparation as in anthracite, unless domestic sizes are being made and 
Id at a considerable advance over screenings. Drakeley (54 IME 449) 
states that the experience in English washeries is that there is much breakage 
Robinson washers, less in trough washers and least in jigs. He quotes 
an experiment from 53 Black Divmond 165 to the effect that the breakage 
j by dropping coal 10 to 15 ft. onto an iron plate was three to four 
times as great as when the coal dropped onto a wooden board. 
Performance of bituminous-coal washeries. Tables 30 to 34 (Lincoln, 
mt Bul. UI No. 9) indicate that so far as Illinois coals aré concerned, the lump 
8 Table 30. Dry-ash content of Illinois raw and washed coals. (After Lincoln) 
0 Eade Us ae 


i Raw coal Washed coal (a) 
> | Raweonl Pe Se aa epee 


j , 
i | z ‘fa ta | 1. 
Coal field Face, Mine | Lusap, | Sereen- Sereen— No. 1, | No. 2, | No. 2, | No. 4, | No. 5, 


run, ings, ings, 

> per per cs = per per per | per per 
% cent. De cent. =e at? cent. cent. cent. cent. | cent. 

, cent. cent. cent. 

. 

Northern 8.89 16.95 11.40 28.53 | 11.05 9.74 11.43 

/ / SS 
Northern 7.33 18.91 6.20 29.30 9.05) 6.77 4.93 5.13 11.83 
Northern. 5.64 | 10,45 6.80 | 27.10 6.69 | 5.36 6.60 6.29 6.85 TOF 
Central | 11.01 | 13.62 | 11.72 | 16.48 | 10.29} 9.61 9.99 | 10.79 |-10.29 | 12.92 
Central .| 10.51 | 18.00 | 10.00 | 18.43 12.52 | 10.30 9.70 | 10.40 | 10.90 | 18.31 
"Central .| 12.75 | 15.15 | 12.93 | 25.76 | 10.83 | 11.57 | 6.04 | 10.60 8.890 | 14.25 
Southern’ 12.43 | 17.03 10.58 | 29.51 9.07 5.63 8.33 8.78 7.44 | 14.14 
Southern 7.94 |. 11.73 | 10.68 | 12.43 | 10.€8 9.12 9.09 9.28 | 10.76 | 11.46 
Southern 9.73 | 11.42 8.35 | 13.47 9.15} 9.09 8.16 8.78 9.46 | 11.60 
Southern 9.80 | 12.50 7.90 | 16.00 9.39 7.65 8.41 8.10 8.25 | 13.45 

Average 9.60 14.58 9.66 | 20.81 9.31 8.53 $.31 8.96 9.60 | 12.65 

; 


‘ } u 


a For significance of size nurabers, see Table 26. 
Table 21. Dry-sulphur content of Illinois raw and washed coals. (After Lincoln) 


' Raw coal Washed coal (a) 


‘Coal fcld. Face, Mine | Lump, Sereen- Sereen- No. 1, | No. 2, | No. 3, | No. 4, | No.5, 


; per i si } per aM poe per per per per per 
| cent. Petry | cent i. eeu. cent. cent. cent. cent. | cent. 

; j == 

WNorthern’) 3.23 | 3.38 | 3.12 | 3.93 | 3.76 | 3.72 3.77 
; : | Fee i FE ES 

Worthern 3.28 | 2.84 | 1-80 | 3.69 | 2.98 | 2.72 | 2.55 | 2.78 | 3.18 

[Northern 2.59-| 2.41 | 2.30 | 2.90 | 2.77 | 2.64 | 2.80 | 2.81 | 2.78 | 2.74 
Sentral | 4.75.| 3.63 | 3.18 | 4.30 | 3.60 | 4.05 | 3.98 | °3.49°| 3.33 3.68 
miral.| 5.23 | 4.90 | 4.00 | 4.70 | 4.60 | 4.50 | 4.40 4.40 | 4.40) 4.77 
estesl.|.5.51 | 4.73 | 5.34 | 5.80 | 4,16 | 3.75 3.55 4.14 4.45 | 4.60 
louthern| 3.51 | 4.31 | 2.09 | 5.51 | 2.62 | 2.67 | 2.45 | 2.83 2.67 | 2.68 
Southern) 1.51 | 1.69 | 1.41 | 1.87 | 1.47 | 1.40 | 1.55 | 1.52 | 1.57 1.38 
Bouthern’ 1.06 | 2.16 | 1.49 | 2.61 | 2.41 | 2.60 | 1.93 | 2.64 | 2.31 2.72 
Bouthern| 2.35 | 2.89 | 2.00 | 3.11 | 1.95 |......)..-..--|....--. |e as| 8-77 
4.30 | 3.29 | 2.67 | 3.84 | 3.03 | 3.11 | 2.98 |°3.12'|°3.00 | 3.13 


| E a For significance of size numbers, see Table 26. 


Average 
; } 
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Table 32. British thermal units on dry coal in Illinois raw and washed coals. (After 
Lincoln) 
' 
Unit coal Raw coal Washed coal 
(free 7 se = ae: 
Coalfield} from | : i? Ke | | 
ash and | Face | Mine | Lamp Screen Screen nig. a | No. 2| No. 3| No. 4) No.5 
sulphur) run ; ings | Ings | | 
| | — 
Northern} 14,814 | 18,329, 11,895, 12,750 10,103 12,903 eS 12,845 = 
| | “+H 
Northern} 14,463 | 13,221) 11,538) 13,571, 9,874 12,996) 13,372 13,655, 13,617, 12,554 
Northern] 14,579 | 13,613 12,909) 18,495 10,239) 13,269, 13,402 13,281 13,330 13,283 13,209 
Central..| 14,390 | 12,572) 12,069) 12,417) 11,546) 12,668 12,704) 12,663 12,500 12,655 12,159 
Central..| 14,365 | 12,583) 11,452) 12, 669) 11.369) 12,289] 12,636) 12,512) 12,627) 12,327) 11,268 
Central...) 14,365 12,227) 11,820) 12, ‘649 10,202) 13,089) 12,870) 13,649, 13,338 13,182, 12,558 
Southern.| 14,912 | 12,907 11,752} 12, 829) 19 & 172 13, O74 13,486) 13, 485, 13,070 13,163 12,140 
Southern.} 14,671 | 13,366 12,918 13,095 5 12,651) 13, 029 13,189 13,196 13,161 12,925 12,799 
Southern.| 14,763 18, 229 12,939! 13,753 12,397 13, 170 13, O86) 13,253 13,134 13,037 12,687 
Southern.| 14,660 | | 13, 030) 12,700, 13, "450 12,103 13,101 18, 391) 13,280 18,325 13,417) 12,233 
Average 13,180 13,095 12,935 12,445 


14,598 13,007 12,199 13,068 11,166 12,959 13,125 


Table 33. Percentages of washed coals and refuse produced at Il!imois washeries. (Aster 
Lincoln) 
Wa h- | a 
| sh- ty T 9° 
s are | No, I}, INO. Be SHOE ee + ~Ref- 
Field oe] | Nut | | Slack extra? extra? 2No. 3 No. 4 No. 5 ae 
Northerner .<icee. de QEOO) 90 Othe sles. 1 oe nls Seetcten. oe Ce 32 
2 {10.67 89.33)... 2. aw. Soak Coe ek 3 
3 100 ;00}... .. < pee Ear 21.9875.58 . 32 
ee eee hi ie Ha abi abs cert |. ceecond 5 tbe nets dk Pato 33 
eae mS AF PRR tel Sate EL see ptt | rte 24 
| S 120500) 80 300). 5: abo cme) coe sel. Sel ee Sc ben cee eeee 25 
| 7 |20.00' 80.00)... .- yi ... i 25 
post Seton etter: he $00.52: 12.Q0:23.09 - 57.00 26 
} lo i Sen -aelee! baer ea LUN tae 5.9033 .5025.7031.89 19 
(a) Average for 5 wash- | 
eries making 2 sizes ...... 16.40 S3.60 
Conteatcds 5. P2102. 15 —— 12.00 10 
i Veen Wrerices bee eracas cu goes Setreas Crates tee 60.70 39.30 il 
LS) sb newoslechagrthode. 14.26 18, 
19 10.12 (23 9823.3 : 
i Se, ae et hy Ae 0 | Peel ive 3. ‘ < 2 
_ CoS ele 25-00) . < 18.0023 .00 26.00 18.00... 
>: lary hail Cachan tamienecs tS": ae 18.7519 .47.22.535 
ooo ee eee eS 12.3020.30; 
= etc) Sak ie 17 09 17.9015. 
| 25 RS) er 17.4021.: 
(6) Average for S wash- pee 
eries making S/sines|o.. |. Pe | ae 11-85... ../17.9218.4726.7225.04 
WOUGHERD es cate Gere eee 27 36100. 0.5 16.90 22 6025 40 eee ees 
PS] Sed eo aR ee CSOs 28.00) S.7034.2019.30 19 
Reieree Ns weeks sk onto ee S87) Cees 18.09.10. 78 22.4025.36 5 
as Les. 9.0015.8012.4015.60..... 27 2020.00 9 
PS SET) Ae Sn) a nad be et a ee 21.0015.0022.0018.00 15 
pees | eetysite ale OME acy joes 26-80... <: 18.6018.5027.90 8.20 5 
(c) Average for 4 wash-) ; | 
eries making 5 sizes......|...../.....-1..... 20.99). 21.4213.2526.6217 72 
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product screened out of the run-of-mine coal and picked contains just about 
the same amount of ash and less sulphur than the unmined coal in the face 
and that the raw-coal screenings contain about twice as much ash and 
somewhat more sulphur than the unmined coal. Washing the screenings 
cuts the ash content just about in half, bringing it back to that of the un- 
mined coal, and cuts off about 25 per cent. from the sulphur content, lowering 
it to slightly below that of unmined coal. The calorific values, of course, 
follow the ash content. Here then, except for the slight sulphur reduction, 
washing merely serves to remove the waste introduced in mining, but, since 
washing is a cheap process and mining expensive, it is more economical to 
remove mined waste in the washer than to mine so as to exclude the waste. 
Table 33 gives an idea of the size distribution of the washed coal. Table 34 
compares average performances of the various types of washeries treating 
Illinois coals. 

Cost of washing per ton of raw coal washed in Illinois in 1912 (17 Bul. 
UI No. 9) including power, labor, supplies, repairs and renewals averaged 
$0.105 for 15 washeries with a range from $0.03 to $0.18. Lincoln notes 
in giving these costs that where mine and washery are operated from the 
some power plant the power charge to the washery is frequently too low or 
omitted entirely, with the result that the above average is probably low. 
Average cost of Illinois washeries per hourly ton of rated capacity was $351 
with a range of from $130 to $583. Average for 7 washeries with hourly 
capacities of 100 tons and under was $448, while that for 8 washeries of more 
than 100 tons hourly capacity was $266. Three Luhrig-jig washeries aver- 


aged $393, six Stewart-jig washeries $341, and two Robinson-tub washeries 
$322. 


13. Cobalt, Co. 


Properties. Metal; pinkish white, lustrous, malleable, ductile, very tenacious, readily 
polished, markedly magnetic. (See also Table 1) At. wer., 58.9. In compact form practically 
unchanged in air; in powder may ignite spontaneously. Dissolves slowly in most acids, 
readily in nitric, forming corresponding salts. Cobalt ion is both bi-valent and tri-valent, 
base- and acid-forming. Cobalt alloys readily with other metals, notably nickel and iron. 

Uses. The principal use is in the ceramic and enamel industries, to impart a deep, 
intense blue. For this purpose the oxide is used. Alloys of cobalt with iron are used in 
making magnet steels and ‘‘stainless’’ steel, and an alloy with chromium and tungsten, 
STBLLITE, is a substitute for high-speed tool-steel, although at present rather expensive. 
Cobalt salts are used and are very effective as catalyzers in drying cils and varnishes 
(16 IEC 957; Circ. 186, Paint Mfr’s Assoc. of U. S., 1). 


Ores. The economic minerals are: cobaltite, erythrite, smaltite and 
linnaeite, usually associated with nickel and iron. The main source of supply 
is Sudbury, Ontario, where the ore is a nickeliferous pyrrhotite which occurs 
in enormous masses at the contact of quartzite and diorite. There is also an 
important deposit in the Belgian-African copper field. 

Production. To date the Canadian production only is of importance. 
This has ranged from a maximum of roughly 1,200,000 Ib. of cobalt oxide 
(70 per cent. Co) and 475,000 lb. of cobalt metal in 1918 through a minimum 
of 217,000 lb. of oxide and 22,000 Ib. of metal in 1921 to 750,000 Ib. of metal 
in the form of oxide, metal, salts and treatment residues in 1924 (33 MI 165). 

Selling. Canadian ores and treatment products containing from 5. to 
about 12 per cent. Co are sold to refiners in the United States on complicated 
schedules (see Spurr and Wormser), which, of course, depend on the prices 
obtainable for the metal and oxide. These prices have varied from $1.5C 
to $1.65 per lb. for the oxide and $2.25 to $2.50 for the metal in 1918 through 
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2.00) to $4.00 for oxide and $3.00 to $6.00 for metal in 1920 and 1921 back 
0 $2.10 to $2.25 and $2.0) to $3.25 for oxide and metal respectively in 1924. 
The oxide quoted is the black oxide containing 70 to 71 per cent. Co and not 
over 1 per cent. Ni. The metal is about 97 per cent. Co with Ni and C the 
incipg impurities. 

Treatment. Cobalt minerals are concentrated, usually with the silver 
other metallic sulphides present in the ore, and the concentrate, either 
e oF after cyanidation, is roasted to drive off sulphur and arsenic; the 
resultir eee are then dissolved and separated by fractional precipitation 
of th rm 


14. Copper, Cu. 


Properties. Metal; red, lustrous, soft, highly ductile, markedly low electrical resis- 
(Bee also Table 1.) Ar. wor, 62.6. Unchanged by dry air at ordinary tempera- 
In moist air, after considerable time, 2 very thin layer of oxidation compounds forms 
protects the body of the metal At red heat it combines rather rapidly with oxygen. 
hydrochloric and sulphuric acids do not attack copper in the absence of oxidizing 
, but reaction takes place slowly in the presence of air. Hot concentrated sulphurie 
attacks it. Nitric acid in any dilution dissolves it, the activity of the reaction increas- 
with the concentration of acid. Copper ion is uni- and bi-valent, usually base-forming, 
in some eo-mnpounds forming part of 2 complex anion. Copper alloys frecly with many 
other metals. 
Uses of copper are multitudinous. It is, under most circumstances, the most economical 
uctor of electricity and hence is used widely for electrical machinery and transmission; 
‘iia resistance to corrosion by air, water, and weak acids makes it valuable for certain parts 
of structures such 28 roofing, gutters, window screens, ship bottorns, for cooking utensils, 
and for pipes and containers in cherical and manufacturing plants. It is the main con 
stituent of many alloys, notably brass and bronze which, like copper, can be drawn, and 
unlike copper, can be successfully cast and, being harder than copper, can be worked ina 
4 . Copper chemicals such as the sulphate, carbonate, cyanide, etc., find wide use in 
the arts, and as germicides and fungicides. 

Ores. The economic minerals are atacamite, azurite, bornite, bourno- 
nite, brochantite, chaleanthite, chalcocite, chalcopyrite, chrysocolla, native 
copper, covellite, enargite, cuprite, malachite, melaconite (tenorite) and 
tetrahedrite. Copper is found in practically every type of ore deposit and 
associated, in one place or another, with practically every metallic and rock- 
forming mineral. The largest and best-known deposits are the sulphide- 
vein deposits of Montana, the native-copper deposits of the Lake Superior 
Fegion, and the “oxidized” and “porphyry” deposits of the southwestern 
United States. At Butte, Montana, the ore-bearing veins occur in granite, 
the chief copper minerals are chalcocite, enargite, bornite, and chalcopyrite, 

the principal associated vein minerals are quartz and pyrite; minor 
Minerals are covellite, tetrahedrite, tennantite, sphalerite, argentite, gold, 
‘and minerals containing bismuth, tellurium, selenium, nickel and manganese. 
Th the Lake Superior region the native copper, associated with native silver, 
Oceurs as part of the cementing matter in a conglomerate, as a cavity filling 
in lava beds, and in veins cutting both igneous and sedimentary rocks. The 
gangue minerals are calcite and zeolites. The “oxidized” deposits of 
southwest carry large amounts of the oxidized copper minerals, mala- 

, azurite, and cuprite, and directly below or closely associated with 
these, bonanzas of massive secondary chaleocite. Both classes of minerals 
‘are derived from the primary copper sulphides, largely chalcopyrite and cup- 
Rcsons pyrite, which are found unaltered in greater depths. The deposits 
in limestone or at limestone-porphyry contacts. There are also 
ous granitic intrusions associated with the ore-bodies which have caused 
formation of characteristic contact minerals. These deposits are char- 
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. 
actemsnic af the Bisbee and Ciiften diktricis, The depostts af the Jerome 
district. differ markedly. Here bemite and chaleopymte ocear in fissures 
and as Impregnations in Gate country mock near intraded wreoes dikea, «The 
“porphyry coppers” are mineralized zones in granitic perphynes and sch 
The prineipal copper mineral is chaleoeite, which eceurs as grams and vrankets 
m the country reek. Pyrite, chakepyrite, and MACNN are the pmneipal 
metalic aseciaies: quarts and the rockfomming Siieates forma the non 
metallke gangee Am enormous diseminaied depot cntining soluble 
weuiphates of copper occurs at Chequicamaia, Che. and im the Rare 
province af Reigtan Congd are a mamber of highgrade depanits in whieh the 
PMinelpal copper mineral kk: malachite. 

Production statistics are Shown in Tables 3 and M& 
Tae SB. Copper precnetien in the Thaited Sates Gatien of peaads (@ 
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Selling. Electrolytic copper, 99.90 to 99.95 per cent. combined copper 
and silver; Lake copper, the melted and furnace-refined product from the 
Lake Superior mills, of the same purity; arsenical Lake, analyzing upwards 
of 99.83 per cent. copper plus silver plus arsenic ; and re-melted scrap are 
the principal grades in which copper is sold in the United States. Some 

small amounts of high-grade blister copper and cathode copper are also dealt 
in. The metal is sold in the form of wire bars, ingots and ingot bars, and 
slabs and cakes. Selling is largely 
in the hands of a few agencies in 
New York City. (For details of , 


Table 37. Average prices of electrolytic cop- 
per at New York. (Eng. and Min. Jour.) 


| 


selling methods see Spurr and Worm- ¥éar ) . Copisrdentgtrdd 
ser and the bibliography therein.) 

Average prices in recent years are | 1913 15.27 
given in Table 37. | = / A 

_ _ Most copper, as it leaves the mills, | 1921 | 12.50 
isin the form of a sulphide concen- | 1922 | 13.38 
trate and the contained metal is sub- | 1923 14.42 

5 (eich. scl | 1924 13.02 
ject to charges for reight, smelting, | 1995 | ta Be 
refining and selling. For typical | 


schedules, see Art. 33. > iP 

Treatment of copper ores depends upon the nature of the ore itself. T here 
are three general methods of treatment, viz.: (1) Direct smelting for high- 
grade ores, containing upwards of 6 per cent. copper. (2) Leaching followed 
by electrolytic precipitation or precipitation by iron, for oxidized ores. (3) 
Concentration followed by smelting of concentrate, for low-grade sulphide 
and native-metal ores. SMELTER TREATMENT of ores and concentrates con- 
sists in melting down in an oxidizing atmosphere, as a result of which an 
artificial copper-iron sulphide (marr) carrying precious metals is formed, rock- 
forming impurities are slagged off, and certain substances, €.g., zinc and 
arsenic, pass off as fume. Coarse ore is treated in blast furnaces and fine in 
reverberatories. The molten matte is poured into a converter where air is 
blown through to drive off the sulphur as oxide and the iron is converted 
into an oxide which combines with silica to form slag. The copper product 
is a crude “eLisrer copper.” ‘This crude copper, in the absence of gold 
and silver, may be refined by further oxidation and subsequent reduction 
in a furnace similar to the “converter.” If gold and silver are present the 
blister copper is refined electrolytically. Native-copper concentrate is 
melted down directly and the product refined in a furnace or, if desired, 
electrolytically. (See Principles of copper smelting, B. D. Peters, McGraw- 
Hill, 1907; Practice of copper smelting, E. D. Peters, McGraw-Hill, 1911; 
Metallurgy of copper, Hofman and Hayward, McGraw-Hill, 1924.) 


Copper-ore Concentrators 


The copper ores amenable to simple concentration are those containing 
native copper or sulphides of copper, to which both water-gravity and flotation 
concentration are applicable, and oxidized ores containing cuprite, which 
responds to gravity concentration from any of the usual gangues. Oxidized 
ores in which malachite, azurite and chrysocolla are the economic minerals 
do not respond to either gravity concentration or simple paleulons Sulphide- 
filming of the carbonates or solution of both carbonates and silicate with 
subsequent precipitation and flotation have been successful experimentally. 
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(See. 12, Art. 25.) Hydrometallurgical treatment of such ores is the com- 
monest method at present (1925). 

Native copper, coarse dissemination. The Champion mill of Coprmr 
Rance Consouipatep Minina Co. is typical of mills treating this class of 
ore. Hand-sorting and water-gravity concentration only are employed. 
Tailing is rejected at —0.25-in. and only middling products are re-ground. 

Champion Copper Co. Fig. 43. (Q) 

Location: Freda, Mich. 

Ore: Amygdaloid containing an average of 37.5 lb. native copper per ton in all sizes 
from large masses to very small fiakes. 

Capacity: 2100 tons per 24 hr. 

Assays, per cent. Cu: Feed, 1.87; concentrate, 65; tailing, 0.45-0.5. 

Recovery: 83 per cent. 

Ratio of concentration: 40:1. 

Percentage possible running time: 95.8. 

Labor: 13 tons per man-shift, total. 

Power; 24 hp.-hr. per ton milled. 

Water; 30 tons per ton of ore milled. No reclamation. 

Distances: Mine to mill, 14 mi.; mill to smelter, 19 mi.; water transport, 1600 ft. from 
Lake Superior; electric power transmitted 14 mi. at 30,090 volts. 

General: Sloping mill site. 

Summary. CrusHine: Jaw crusher, steam stamps and rolls in series 
from —24-in. to —0.25-in. Concenrration: MHand-picking at 12-in. 
or larger down to 2- to 3-in.; steam-stamp classifier, 3-in. to 0.5-in.; jigs on 
—0.62 +0.25-in. sized feed; hydraulic classifiers followed by roughing 
(hutch-making) jigs and finishing tables on primary —0.25-in. feed. Fine- 
jig tailing discarded. Finishing-table tailing and middling re-ground in 
pebble mills and tabled without classification. 

This relatively simple sorting and all-gravity flow-sheet is still considered 
best by the management for this particular ore, notwithstanding years of 
experimentation. Flotation, which is practiced by Catumer anp Hxcua, 
is not applicable on account of the comparative coarseness of the finest copper 
and the difficulty in grinding it to flotation size. The steam stamp is peculiar 
to Michigan native-copper mills and serves a purpose in separating the 
tough, irregular copper particles from the enclosing rock that no other crusher 
does as weil. 

With the exception of the elevator handling bull-jig tailing all elevation 
of pulps is accomplished by means of centrifugal sand pumps. 

Native copper, fine dissemination. The conglomerate ores of the Lake 
Superior region are typical of this occurrence and the conglomerate sections 
of CALUMET AND Hnrcua mill illustrate an efficient treatment method. Hand 
picking, gravity concentration by jigs and tables and agitation-froth flotation 
are successively employed and sands from the re-grinding mills are leached. 

Calumet and Hecla Mining Co. Conglomerate mill. Fig. 44 @Q, 100 
Sey eel ld Se07 ys 

Location: Torch Lake, Mich. 

Ore: Native copper with a little native silver in an extremely hard rhyolitic conglomerate. 

Capacity: 11,000 tons per 24 hr. 

Assays, per cent. Cu: Feed (original mine ore), 1.75; concentrate, 60 to 62. 

Recovery: 85 per cent (on mine rock). 

Ratio of concentration: 35:1. 

Percentage possible running time: 98, approx. 

Labor: 19.5 tons per man-shift, total. 

Power: 30 to 36 hp.-hr. per ton milled. 

Water: 28 tons per ton milled. No reclamation. 

Distances: Mines to mill: 5 mi. max.; mill to smelter, 0.5 mi.; water at mill; power 
transmitted 0.5 mi. at 13,500 volts. 

Costs: See flow-sheet notes (j), (A), and (s) and Table 38, 
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Mill bin (a) 
Feed pan (b) 
ee Sere —. ) algmas ovtindacessaatt 
Mass copper Waste Reject 
a —--———-—-— —-_ _ _ nS ae a a a ay 4 
{ 6 steam stamps.%-in. round-hole screens (c) 
1 ls 
! Screen discharge Mortar discharge 
o 2 @ 36x78-in. trommels. 0.25-in, rd. holes (d) Boney 
1-compartment, 24x48-in. bull jig ©) 
| £ Tailing | 
| t ef 
Ja — ee A Belt bucke elevator 


7 @ 36x10-in. rolls, set 0.12-in.(g) 


6 @ 12-in.x14-ft.,4- spigot Tamarack classifiers (h 
Spigot, No, 1 Spigot No. 2 Spigat No. 3 Spigot No. 4 Overflow 
6 @ 2-compartment 6 @ 2-compartment 6 @ 2-compartment 6 @ 2-compartment 
Hodge jigs (2) Hodge jigs (i) Hodge jigs (i) Hodge jigs (2) 
if M Hutch cone. M Be Is Hutch concentrate 1E 
2 @ 8-Ft. x30-in, 2 settling tanks 2 settling tanks 
conical pebble k . 
mill (k) Overflow ll hed Spigot Overflow 
: i ‘hing tabl i 
1@ 2-spig. hyd, classifier pees a ee eee) p shee tetis O seeks ©) 
Spigot Overflow = M T M é 
24-comp. distributor od 
24 shaking tables 2 @ 26-in, x12-in. x17 ft. run Settling tank 
lente cl. teres Y 
c VB f Settlings "a Overflow Shaking table 
a a s = ee tae 
2 shaking tables T C 
Cn hades wand = 
Tr e | 
1 @ 6-ft. conical pebble mill 
. Slime tank (1) 
Overflow 6 spigots 
ie 9-compartment distributor 


9 shaking tables 
a 1 
M if 4 


a, 500-ton, 20 (diam.) X 44 ft. Contains — 3.5-in. product of rock-house jaw crusher. 
(See Fig. 44 for a typical rock-house flow-sheet.) 6, Inclined (— 27°) converging chute 
with means for controlling flow. Operator picks waste and mass copper and regulates 
flow according to performance of stamp. Mass removed ranges from 6- to 12-in. size. 
One man picks about 110 lb. per hr. c, Simple (20  24-in. cylinder) and steeple-com- 
pound (see Sec. 3, Art. 16). d, 18 r.p.m. Slope, 1 in. per ft. Open-hearth high-carbon 
steel plate; life, 71 da. Total load, 363 tons per 24 hr.; 12,500 gal. water per hr. About 
35 per cent. undersize in oversize. f, Alternative emergency flow. g, See Sec. 3, Table 22. 
h, Feed contains 80 per cent. water; spigot products, in order, 80, 83, 87 and 85 per cent., 
and overflow 96 per cent. water. Spigot apertures: No. 1, 34-in. pipe, worn; No. 2, 34-in. 
pipe, new; No. 3, 4-in. pipe, worn; No. 4, 44-in. pipe, new. Attendance, for 6 machines, 
one man part time. i, 24 X 36-in. compartments. (See Sec. 9, Art. 5.) j, See Sec. 10, 
Art. 11. k, See Sec. 4, Art. 16. JU, 45 ft. long, 7 ft. deep, 9 ft. wide. C, Finished con- 
centrate, tosmelter. Moisture, 7.5 percent. 7, Finished tailing, combined and laundered 
to lake. 


Fic. 43.—Champion Copper Co. 
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Table 38. Performance of flotation machines in Calumet and Hecla reclamation plant. 
(After Benedict) 


Representative sample 


Feed 
Tailing, Cu, Recovery, 
Weight, Cu, per cent, per cent. 
per cent. per cent. 
=| 200=meshi casts ae ac 6.0 0.289 0.243 15.9 
—200-mesh...........- 94.0 0.516 0.157 69.6 
SPOtah aac ssboncs oe 109.0 0.502 0.162 67.8 
Averages and totals, 1923 
Beedsper cents © mses stage FR es eee es 0.453 
Magn eenpor Combs Gllen Mea tas ond: le sruesie mole rsagmrie seta ei enelotere 0.164 
@orneentraves Der CMe GU yas. jes os oo he ae eee tee cvclenals 28.58 
WRECOVELY DEL COMLAE rete et he ale chars 2 ac eT Ste 5s 63.89 
Costs, 1923 
Genecralkexpensem ear ooo << coins Mee ce reine eeete eo muse $0.0278 
Slime conveyime and: distributionc. . 0.2 056 oR ce 0.0280 
Ota HOMBRES sSNA wT lg dee ee ote 0.0547 
UOVAILGV EA. «ocho eoine.« = delet coe eee 0.0449 
Total. a3 seek oeiods S|. ode eieeet rate hee oe ee $0. 1554 


Cost per pound of copper produced, excluding amelie and selling, $0.0270. 


Summary. No receiving bin. Crusuine: Jaw crusher, 24- to 3-in.; 
steam stamp, 4- to 34¢-in.; pebble mills, 346-in. to 35-mesh. ConcENTRATION: 
Hand-picking on sizes to —3-in.; jigging in stamp mortar and on natural 
product through 34¢-In. screen with cleaning of jig-hutch product on shaking 
tables. Fine sands tabled without classification. Gravity-concentration 
residues divided into sands and slimes, the former leached and the latter 
floated. 

Compare with the Copppr Ranax flow-sheet. The copper in conglomerate 
ores is more finely disseminated than that in amygdaloid ores and is, therefore, 
less amenable to table concentration and more readily recoverable by flotation. 
Leaching eliminates the necessity of re-grinding all gravity-concentration 
tailing to flotation size and makes better extraction of coarse copper than 
flotation does. 

Notes to Fig. 44. 


a, Tilting pan, 9 ft. wide at upper end, 4 ft. at lower, with double-curved bottom. 
Head end is lowered below sliding angle of rock to receive grizzly oversize from dumped 
skip and raised by means of chains from friction-clutch drum on main line shaft after 
material has been picked. Pan bottom of 34-in. plate, sides of 14-in. plate, all lined with 
%-in. plate. 2 men required per shift, one picking and one operating winch. 6, See 
Sec. 3, Table 10. c, 400-ton live capacity. One for each steam stamp. d, 28 of these. 
Capacity on conglomerate, 335 to 350 tons each per 24 hr. 3 tons water per ton of ore. 
(See Sec. 3, Table 28.) e, Four perstamp. 4 X 12-in. sieve compartments, 1l-in. screens, 
190-200 @ 2-in. strokes per min. f, See Sec. 9, Art. 5. First sieve 36 X 48-in., others 
30 X 48-in. g, For 17 mill units. h, Capacity, 2640 tons per 24hr. i, See Sec. 4, Table 
77. j, Old mill tailing. 0.5 to 1.0 per cent. Cu. Total cost (1923) per ton of solid treated, 
including proportion of mine and mill administration: 


General administration and miscellaneous 


LARUE. IRE. LS $0 .044 
Dredzer(noterk)i wee. Ga). - eect eee. SE. CE. 0.063 
Shore: planti(noters) eee Le eans UT A a ee ee 0.025 
RE-rInGin gs (MObES) MANOA SD, «Neva er} hea Rane 0.164 
TES CHIT OE, REE, FV iRe t tO: CIM tn 0.251 
Klotations ie, santa dala dey ree oe Mile aie cnet acc 0.034 
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MINE Numbers in parenthesis 
STAMP MILL Poor rock Copper rock =tons solid per 24 hr. 
Millbin ( Ss shi Les Numbers and letters in 
rine u ip a. S Hd 7-ton skip civafes indicate classes of 
g 3 : SHAFT HOUSE concentrate. 
Copper Mine waste so Poor-rock bin Grizzly, 4-in. spaces 
(Barrel work) Steam stamps,¥,-in.screen (il) S34 Waste C9) O 
@) - Screen discharge (-¥,-in.) > 2 Feeding apron (a) 
2@ 5-sieve Woodbury jigs (f) & ~ | Mass copper Mine waste  -Poor rock ‘Residue 
Sieve No.1 Sieve#2 Sieve#3 Sieve#4 Sieve #5 & Ki 1 @ 24x 48-in. jaw crush- 
in 


er, set 3-in. (b) 


arama a. i 
Hutch Cup Hutch Hutch Hutch Hutch (140) T Railroad cars 


2 Wilfley tables 
M 


a4 
in. oo table 

slime pump wily tte 
1 @ 2-spigot hy- 


draulie classifier 
— 
Overflow (770) Spigot products 
1@ 25-€ 3-tray 2 Wilfley tables 


Mortarzyig discharge (e) 
Tailin Sereen Hutch 
Cover sig _ ee 


SAND BANK (j) 


Dredge (k) 
Stationary screen (I 


Pool Ltn 
12-in, sand eee (n), Bubbish 


Receiving box 
penis ELS LS 
Overflow 4 Stationary screens, 
¥5-in. aperture 


=) @) 


ue 


Dorr thickener T M C 2 double-drag ‘classifiers (0) Rubbish 
= —_—_—_—_—_—_—_—_—__ 
. - 50-ft. sohd wheel Sand Overflow 
Oil ae Te 8 Wile ft. sand wheel (9) 22-in. belt conveyor (p) Settling tanks 
Pump = fley tables No, 1 REGRINDING PLANT (h) No. 2 R te RIND- Sand Overflow 


24 @ bf A72-in. ING PLANT (sy OM” ump 
conical pebble mills (i) Recéiond bins) 


128 Wilfley tables 64 dewatering ies 
if M 


(REZ ESE eT ete, 
~ : @ Ouerfiow Plug discharge 
ao 64 @ BftxT8-in. conical pebble mills (r) 


760 Wilfley table 


4 @ 16-cell 24-in. 
standard M. 8. flot. 
machine (w) 
Cells 3,4 Cells 5 to 16 incl, Cells 1,2 
Agitators) Rough RE T 
cone, 
Cell No.1 


16-1, pump) 


? i] 
6 Wilfley tables 


50-ft. sand wheel 


1 @25-ft. Dorr thickener 


Shigot Overflow LEACHING PLANT “f 
1@8x6ft Oliver filter (Cleat) 16 settling tanks 
CE ES 
Cake Filtrate Spigot Overflow 
(Clear) 8 Dorr quadruplex classifiers 
—_ 
Sand Overflow 
Leaching 70-in, pump 
Overflow 
Dorr thickener NORTH FLOTATION PLANT/ ay 
ie eo MEO 
ee Spigot 12 @ 40-ft. 3-tray Dorr thickeners Cell 3 
ea 
at Ee Spigot Oil (t) 
liver filter ———_—_— 5 ; 
Te rae 8-in,pump 4 @ 16-cell, 24-in. standard M. 8. flotation machines (u) 
re Pa es | 
(Clear) Aa Cells 3,4 Cells 5 to 16, inclusive Cells 1. 2 
@) aa “IN. ip p Es aid Rite 
Waste (Agitators) vee Tailing C 7 
ell 


Fie. 44.—Calumet and Hecla, conglomerate mill. 


Tons treated, 1,743,100. Assays, per cent. Cu: feed, 0.608; tailing, 0.124. Recovery, 
80 per cent. k, Suction type. 10,000-ton daily capacity. 20-in. pump with 1250-hp. 
motor discharges through 3000 ft. of 20-in. pipe on pontoons to receiving pool on shore. 
Can dredge to 110 ft. below water level. Cosr (1923) for dredge operation with discharge 
through average length of 2000 ft. was $0.063 per ton of solid dredged. Distribution was: 
labor, 32 per cent.; power, 40 per cent.; pump renewals, 14 per cent.; other supplies, 14 per 
cent. f, On shore. 16 X 20 ft., 1-in. round holes. m, Capacity, 20, 000 tons sand. n, Swing- 
ing suction of constant length giving uniform feed to ooo laning plant. Casing is split 
horizontally and lined throughout. Impeller 40-in. diam., direct-connected to 200-hp. 
motor. 0, Each with 2 @ 20-in. belts carrying 6 X 4 X 24-in. angles. p, 275 ft. long; 
slope, 21% in. per ft.; speed, 500 ft. per min. g, About 30-min. storage capacity. Dis- 
charged through gates by means of water jets. r, Capacity of 64 mills, 3000 tons per 
24 hr. (See Sec. 4, Table 77.) 40-hp. motor each with flexible coupling and herringbone 
gears. Mills served by 15-ton crane that can pick up a full mill; time to change about 1 hr. 
s, Cost (1923) from pool to re-grinding plant was $0.0247 per ton of sand, of which cost 
45 per cent. was labor, 30 per cent. power and 25 per cent. supplies. Cost per ton in re-grind- 
ing plant was: 
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| 
General expebhs6. ... 2. 2.6 esse eutrets seer T SSS e eT eS « $2.01 
Sand conveying and distribution... . 2... 5.6. 6. eee ~ @.O186 
Grinding: : 
Le hc Gees Ceo eo $0 0137 
OO ee eRe Ce ae Eee 0.1383 
PGHHGS Sha Tinine. won. do. SECTS 0.0938 
Other supblies... .. 2. ~~. 85. 2. 84 wewed ce 0.0089 ; 
—_—. 0.2527 
Table trestment...... 6... ee Sk erg erg ree Q.os0e 
ne SS ERR te wale 4 Eee } FS oes Me $O0.3295 = 


Metallurgical results (1923): tons treated; 866,524. Assays, pet cent. Cu; feed, 0.723; 
tailing, Q.468; concentrate, G0. Reeevery, 55.5 per cent. Cost per pound of copper, 
excluding Smelting and selling, $0,064. ¢ (1925), About 1.5 Ib. per ten of s mixture 
eoal tar from a lecal gas plant, Barrett coaltar creosote, Semet-Solvay residual coshiar — 
oil, Cleveland—Cliffs wood creosote, and a little pine oil, ss required, fer frothing. No acid — 
nor heat. x, Feed contains 25 per cent, solids, enters Srd eell. (See also Table 38), See 
Table 38. Pulp fed te cell No. 3. 


Copper-sulphide ores, coarse dissemination. The ANaconps mill is 
typical of the old-style graded-crushing and gravity-concentration plant, 
with flotation added later. The antithesis is the Nacozari mill (Mocrezuata 
Copper Co.), treating a somewhat similar ere and formerly mahing a Similarly 
low-grade pyritic concentrate but now, with gravity concentration dis 
continued, eliminating the pyrite by selective flotation and making highs 
grade concentrate with substantially no loss im recovery and & new financial 
gains The Catno mill has been completely remodeled since the introduction — 
of flotation, but gravity concentration had to be retained to scalp out oxidized 
copper minerals net amenable to flotation. At the Arntzona Herceres mill 
a similar concentrating problem is solved in s unique manner, by installing 
Hara jigs to treat the sand in the ball mill-classifier cireuit. The Brrrannta 
M. anp M. mill uses Hancock jigs to remove 5 to S per cent. of the feed at 
—0.25-in. 

In general, with coarsely disseminated copper ores eravity concentration — 
should precede flotation. Its use will probably increase reeovery to some ex- 
tent, even with non-onidized ores, and will surely do so, if native copper and 
copper oxides are present; it will take some of the burden off the flotation — 

machines, thus probably lessening the number requited, and will simphfy 
helt eperation; the granular concentrate from the gtavity machines will” 
decrease the amount of. concentratedewatering equipment required and lower 
the moisture content of the concentrate as a whole; finally the product shipped 
will be easier to smelt. The disadvantages of includiz ng gravity concen- 
tration are increased complexity of flow-sheet and the addition of water on 
the gravity-concentrating machines, which water must be eliminated before: 
flotation. These disadvantages are, in most cases, outweighed by the ad- 
vantages listed. At the Nacozari mill the improvement in grade of concen- _ 
trate by selective flotation over that obtainable by grav ity concentration — 
was an added advantage to the all-flotation flow-sheet which is not ordinarily 
present. 

Anaconda Copper Co. Fig. 45. (PC.) Section 2, Nov. 1, 1993. 


Leeatien: Anaconda, Mont. 
Ore: Bornite, chaleocite, chaleopyrite and pyrite coarsely disseminsted in granitie 
gangue. . 
Sepacity: 2000 tons per section per BM hr. § sections, substantially alike Average 
daily mill tonnage, 15,000. 
Assays, per cent. Cu: Feed, 3.0 te 3.2: concentrate, 12 to 15: tailing, 0.90 to 0.30. 
General; Ore from a group of underground mines at Butte, Mont. is hauled 32 miles” 
in 50- and 6Q-ton standsnd-gage gondola cars to the mill at Anaeonds, Mant. = 
ct 
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1400;ton bin 
2 shaking screens, 2-in. rd. holes 


| (4/2100) (a) 


— GV ((900) 
12x24-in. Blake jaw crusher 


Stationary grizzly, 1.5-in. opening 
ss 


) Bs 
_ 2@ 8x20-in. aie Jaw crushers © 


2 belt-bucket elevators (b) 
37. 


) 
4 @ 36-in.x6-ft. trommels, 1-in. rd, holes (c) 
(+) 2920) 
Hs, 0.75-in. set (d) a 


4 @ 36-1n.x6-Ft. t 18, 0.38-in. rd. ho 
“ist 000) ee in.x6-ft. trommels, in. rd. holes (c) 


552x24-1n ro. 
815 


55x24-in, rolls, set 0.25-1n. &e000) 
a 4 @ 36-in.x6-ft. trommels, [1 186 000] 
216 000) 7-mm. (0.275-in.) rd. holes, 0) (1200) 


&) (800) ©) [1256 000] 
4 @ 36-in.x6-ft. trommels, 1,5-and 2-mm, (f) 
———————— 


4815) 685) 
[1 186 000] 


6 @ 2-compartment Evans jigs (9) 


ig C (98) (aa) 
) 410 000) 


12 @ 2-compartment Evans Ligs (g 
(1075) Dewatering tank 


Overflow Spigot 
Dewatering tank 


Mill water 


(142) (aa) 
[496 000] 


Smelter 


Spigot 


(1070) 
[2 226 000) 
2 belt-bucket elevators (h) 

6 @ 36-in.x6-ft. trommels, 1,5-and 2-mm, (i) 


) os 
2 @ 54x24-in. rolls (3) (1755) _) 
(2 700 000] 
6 @ 8-ft. Anaconda classifiers 
Spigot (1425) Slime (820) 
| (944 600) (2 095 000] 


Belt-bucket elevator (k) 


16 Wilfley tables (1) 


T M (ab) C (ac) 
| 2080) | (295) 


§ 
Dorr classifiers (p) 
Elevator (0) Elevator(n) Elevator (m) 


Sand ——Blime' (60) 
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6-way distributor 
6 @ 3-ft. 6-in. Allen cones 


Sand Slime 
6 @ 10-ft.x48-1n, Hardinge ball mills (q) 
6 Dorr classifiers (r) 
Sand Slime (1080) 


Belt bucket elevator (s) 
3 standard 24-in. @ 14-cell M. 8. flotation machines (ak) 
Rough concentrate (t) Middling (w) 


Tailing 


Belt-buchet Elevator (x) 


elevator (u) 


1-standard 24-in. @ 14-cell M. 8. flotation machine 


Clean concentrate (y) Middling (z) Tailing 


Tailing dam 


Belt-bucket elevator (v) 


6 @50x12-ft. Dorr thicheners | ] 
Spigot 


Overflow 
12@ 11% (d 2Ft. fi 

FE a SRT: @11% (diam) x12-ft. Oliver filters 

See Filtrate Cake 
Smelter 

16 @ 28x3-ft. Dorr thickeners (ad) 
Spigot Overflow 
Mill wash- 


16 @ 14-cell 24-in. standard 
4.8. flotation machine (ak 
Cells 1-3 Cells 4-9 Cells 10-14 Js 
Clean concentrate Middling 
Rough concentrate 
2 bucket elevators (ae) 


water system 


4 @ 14-cell 24-1n standard M.S. flotation machines 
Cellg 1-13 Cell 14 


' 
Clean, concentrate 2 bucket elevators (ae) 


2 bucket elevators (af ) 
§ @ 50x12-ft. Dorr thickeners (ag) 


Spigot Overflow 
2 @ 16-in. bucket elevators in series (aj) 
10 @ 50-ft. Dorr thickeners (ah 


2 @ 16-in. bucket elevators in series‘ (ai) Overflow 


Slime pond 


a, Numbers in parenthesis are tons solid per 24 hr.; numbers in brackets are gallons 


of water per 24hr. 6, 461 ft. per min. 
buckets. c, 30 r.p.m. d, 85 r.p.m. 
tures. 20 r.p.m. 


touching, 85r.p.m. k, 450 ft. per min. 
buckets. J, 240 @ 1-in. strokes per min. 


g, 15r.p.m. r, 2 X 14-ft. simplex, 23 r.p.m. 
belt; 43 @ 10 X 18-in. buckets. 
in. @ 10-ply belt; 46 @ 8 X 16-in. buckets. 


belt; 78 @8 X 16-in. buckets. 


18-in. @ 10-ply belt; 89 @ 8 X 16-in. buckets. 


aa, Assays @ 8 per cent. Cu, 15 per cent. insol. ; 
ac, Contains about 25 per cent insol. 


121 ft. of 18-in. @ 10-ply belt, 118 @ 8 X 16-in. 


ab, Assay @ 0.9 per cent Cu. 
ae, 440 ft. per min. 


moisture. 
Tey. in 12.25 min. 
buckets. 
9.7 min. 
same. 

1 @ 129 ft. of 18-in. @ 10-ply belt. 
and lime, 


ah, 1 rev. in 21 min. 


t, First 4 to 6 cells. 
v, 440 ft. per min. 
w, Last 8 to 10 cells. 


af, 121 ft. of 20-in. @ 10-ply belt, 112 @ 10 XK 18-in. buckets. 
ai, 1 @ 165 ft. of 18-in. @ 10-ply belt; 1 @ 102 ft. of the 
aj, 440 ft. per min. 1 @ 75 ft. of 18-in. @ 10-ply belt with 69 @ 8 X 16-in. buckets; 
ak, 225r.p.m. 


144 ft. of 18-in. @ 10-ply belt; 123 @ 8 X 16-in. 
e, 20 r.p.m. 
g, 20 X 40-in. sieves, 8-mesh. 
24-in. @ 10-ply belt, 69 @ 10 X 22-in. buckets. 
50 ft. of 20-in. @ 10-ply belt, 43 @ 10 X 18-in. 

Butchart riffing. 
min. 84 ft. of 18-in. @ 10-ply belt, 72 @8 X 16-in. buckets. 
min. 77 ft. of 18-in. @ 10-ply belt, 66 @ 8 X 16-in. buckets. 
min. 72 ft. of 20-in. @ 10-ply belt, 66 @ 10 X 18-in. buckets. 
s, 600 ft. per min. 


f, 2 X 12- and 1.5 X 12-mm. aper- 
h, 550 ft. per min. Each, 80 ft. of 
i, As (f) except 30 r.p.m. Jj, Faces 


m, Belt-bucket, 450 ft. per 
n, Belt-bucket, 450 ft. per 
o, Belt bucket, 440 ft. per 
p, 2 X 14-ft. simplex. 

47 ft. of 20-in. @ 10-ply 

u, 440 ft. per min. 50 ft. of 18- 

84 ft. of 18-in. @ 10-ply 

x, 440 ft. per min. 96 ft. of 

y, Cells 1 to 12, incl. z, Cells 13 and 14. 

Drained in tanks to about 7 per cent. 

ad, 1 


ag, 1 rev. in 


Reagents: Alkaline xanthate, pine oil 


Fic. 45.—Anaconda Copper Co. 
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Summary. Receiving bin. Jaw crusher, 12- to 3-in.; jaw crusher, 
3- to 1.5-in.; rolls, 1.5- to 0.75-in.; rolls 0.75- to 0.25-in.; rolls, 0.25- to 
0.08-in.; one-stage ball milling, 2-mm. to 48-mesh. Screening between 
crushing steps and to prepare for jigging; hydraulic classification ahead of 
shaking tables. All sand tailing re-ground for flotation. Primary slime 
sent to separate flotation cells. 

This plant is typical of large-tonnage, gravity-concentration plants with 
eareful graded crushing and step concentration and flotation added at the 
end to recover sulphide mineral from the slimes. Compare with MoctrezuMa 
Correr Co. Concentrate is low-grade (about 10 to 12 per cent. Cu) on 
account of the large amount of pyrite present, but as the Anaconda Company 
also owns and operates the smelter and manufactures sulphurie acid both 
for its own hydrometallurgical uses and for sale, the pyrite is not objectionable. 
It is probable that were this mill to be built anew to-day jigs would be elimin- 
ated, the table feed would not be classified, and pneumatic flotation machines 
would be used. 

Moctezuma Copper Co. (Phelps Dodge Corp.) Fig. 46. (Q, 118 J 445.) 

Location: Nacozari, Sonora, Mex. 


Ore: See Table 39. Chaleopyrite and copper-free pyrite in hard latite, andesite, mon- 
zonite, diorite and quartz porphyry. 


Table 39. Analyses of feed, concentrate and tailing, Moctezuma Copper Co. 


| 
ae ef: =n | General mill} — Flotation 
Feed (a) Feed (6) | tailing (6) | concentrate (5) 
| 
2 56.3 | 54.00 4.84 
ATCO x. cee Sees PNET "Meee 16.5 ‘| % 16.30 1.97 
KO ee toto FT T | - 2.10 0 
INE SOR Re Petes, LESTE 2. SRA 1.99 Of 
LOX i Rov sep Bt AAS A PSE EE ree os Si Nt wicca x ree Peed 
Cu | Cc hl RSE ee Ce Ee 
Fe Ghaleopyrite ..4...0... RSE hae eee ET NET BPE oe. 
geil | acSK9b pel eeery ee erate 5 SD WE ss 
Fe =e PEWS JOSHT, Mpc. OS ROE a Sak, ee t 1.3 cig thle 
5° } Pyrite bet queer | dedsermenn ! cove bisa, eater Wh etergeesnns 
GREETS Sart cha cis. ayaa cess meee Sa Sf 2.5-3 0.21 29.00 
Gursuipiude:. <2... fo sc. inact ic rir eteecicoce | 0.15 H 27.96 
GN OLR Ageia «cates GERIATR, RE ca 11 10.24 28.50 
ila. Sat Rea A A otarkte brad. Ree eee dese ters tS atk | 0.49 0.60 
Geel. MA we EEL sleel ain til. 2 | sib tech Midi. aathanaitae | 6.30 33.74 
A Al ee ee ee I> 0.006025 OF osc. ons, dR. Ok. de ee oS ee 
PARC eeees sta e. . LR Se te ee OST ‘Gad fe ae hie wot py Se loa A ee. Gee 
Remaindenanel: Warandse 3500 VS. ctor GR OO 8.37 0.67 is 
UDR NER A CUURE, oie @ oes eke eS! I nd on ee | a eee neo J sesso anes j 7.50 


i | 


@ Questionnaire, 1919. 6 Composites, May, 1924. (IS J 452.) 


Capacity: 3000 tons per 24 hr. 

Assays: See Table 39. 

Recovery: 92 to 94 per cent. 

Ratio of concentration: 10 or 12 to 1. 

Percentage of possible running time: 97 per cent. 

Labor: 31 tons per man-shift on operation; 75 per man-shift on repairs; 22 tons per 
man-shift, total. a Re 

Power consumption, hp.-hr. per ton: Coarse crushing, 1.1; all conveying ahead of rod 
mills, 0.7; two-stage grinding in rod mills, 12.5; flotation, including air lifts, 3.2; total, 23.2. 

Water: 900,000,000-gal. reservoir with gravity flow to mill. Consumption: total 
1200 gal. per ton; reclaimed, 750 gal. per ton. i | 

Distances: Mine to mill, 5 mi.; mill to smelter, 78 mi.; water, 3ig mi; power, 1 mi. 
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Ore from mine by narrow-gage railway 
7800-ton coarse-ore bins 
1 
2 identical units 


DVS SS Se Se Te. 


( 
Bar grizzly 


@) 5) 
1@No. 8 McCully gyratory set 4-in. (a) | 
Burch ring grizzly 


& ) 
1 @ No. 4+-F Telsmith red. gyr. set 1.5-1n. (a) 


8000-ton fine-ore bins 
Pan-conoeyor feeders 
3 identical units 
fase ee ee ee enn 
(1) (2) (3) 
2@6x12Ft. Marcy rod mills (¢) 
2 @ 6x20-t. Dorr classifiers 


Burch ring grizzly 


1 @ 48-in. vertical-type Symons disk 


crusher (b) 
Sand Overflow 


2 @ 6x12-ft. Marcy rod mills 
2 @ 6x23-ft. 4-in. Dorr classifiers 


Sand 


Overflow 


4@ 10-cell Callow roughing machines (e) (j) 


Rough concentrate Tailing 

Pe are } 

| 2@ 6-in, air lifts %, mile by launder 
| ‘I @ 3-cell Callow cleaner (j) Tailing Yam (f) 

| oe LE 

| Tailing Ouerflow 


7 @ 3-cell Callow cleaner (7) 


Overflow 
' 
7 @ 3-cell Callow cleaner (7) 


Tailing 


Overflow Tailing 
7 Deister Plat-o table 


60-ft. Dorr thickeners 


poh =i al 
Spigot product (g) Overflow 
1 @ 14x14-ft. Oliver filter (i) 
i. <a roe eae t 


Gate (h) Filtrate 
Smelter 


Craps wee? Naas oF ey 
Tailing Concentrate 


1 @ 3-cell Callow cleaner ()) 


Tailing Concentrate 


Triplex pump 


Mill 


a, See Sec. 3, Table 15. 6, Product, 35 per cent. on 0.5 in. cc, Product, — 10-mesh. 
e, Feed — 48-mesh. Each bottom 42 X 42-in. canvas. Depth, 17 in. at head end to 26 in. 
at lower end. Flotation agents: 0.05 Ib. crystalline potassium xanthate, 0.19 lb. steam- 
distilled pine oil; 5.5 to 6.5 lb. lime per dry ton of original mill feed. Best results are 
obtained when the tailing shows a lime equivalent of 0.15 to 0.35 lb. CaO per ton of clear 
solution and this is maintained by the operators by frequent titration. Soda ash, sodium 
silicate and other alkalis proved inferior. f, Now 105 ft. high. Sand placed by an over- 
head launder with de-sanding cones. g, 60 per cent. solids. h, 13 per cent. moisture. 
i, Change to xanthate and selective flotation has reduced filter requirement from three. 
j, The gradual elimination of iron and insoluble in a closely similar flow-sheet is shown in 
Fig. 47. 


Fic. 46.—Moctezuma Copper Co. 


Summary. Crushing by jaw and gyratory breakers and two sets of rolls 
in series from steam-shovel size to —8-mesh. Roughing-cleaning system of 
shaking-table concentration on —8-mesh primary feed and in re-grinding mill 
circuit. No gravity-concentration tailing made. Flotation by roughing- 
cleaning system with re-cleaning of concentrate. 

This mill has been extensively remodeled since the introduction of flota- 

_ tion, but gravity concentration has been retained both on account of the 
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granular character of some of the sulphide and because of the presence of native 
copper, copper oxides and copper carbonates. The mill as originally built 
provided for graded-crushing, jigging the coarse sizes, with step hydraulic class- 
ification and treatment of classified products on shaking tables and vanners. 
Recovery by this method (1913) from 2-per cent. ore was 67.3 per cent.; ratio 
of concentration, 10.6:1; concentrate assay, 14.52 per cent. Cu. Iron 
content of ore was exceptionally high. In 1914 recovery was 73.4 per cent. 
and concentrate assayed 27.7 per cent. Cu. Capacity was about 6000 to 
7000 tons per 24 hours. Capacity of the remodeled plant is about double 
this (12,000 to 14,000 tons per 24 hours), and recovery on feed containing 
only 1.5 to 1.6 per cent. Cu is between 75 and 80 per cent. 


Entering feed is 1,000 dry tons, @ 18 to 20% solids, per unit. Equipment for One Unit 
Forty Gallow rougher cells 
Twelve "’ cleaner " 
Fe. 26.90 All air bottoms, 42x 42" 
Insol. 16.27 Two 6"air lifts 
Two Deister tables 


8.00 Cu. 8.20 ¥ . Experiments now in progress 
17.22 Fe. 16.99 recleaning this product sep- 
§2.80 Insol. 40.2. arately by flotation 
Cu. 28.00 . Counter-current flotation on 
Fe. 29.38 Jast three rougher cells 
Insol. 8.10 . Concentrate and tailing assays 
are averages for each set of 
zai0} four rougher cells 
95. 28.72) , Be Sas ee 
5.51 Insol. 10.06 a Total Bs Total er Total 
,Rougher cony_. * 73.21 100.0 20.18 100.0 36.82 100.0 
A First cleaner * 23.380 95.5 26.90 72.2 16.27 23.9 
Second " % 26.84 98.3 28.35 91.7 10.80 57.7 
Third # % 28.00 97.4 29.38 94,0 8.10 68.7 
Final gone, . * * 28.00 91.5 29.38 62.7 8.10 9.8 
Coarse portion + 28.77 44.2 30.25 44.3 5.51 29.2) 
Fine ” 27.42 55.8 28.72 55.7 10.08 70.8 


* -%of total refers to each cleaner process feed 
+%~% of total refers ta.original rougher cone” 


DLR DADO 
BWSsalrs =) 


Entering feed is ground to about 12% 

on 48-mesh and 52% through 200-mesh. 
These figures represent the averages of 
many samplings, and portray conditions for 


Fe. 9.09 ical milli i 7 
Ingol, 74:39 a typical milling day under this Flow- sige 


Fie. 47.—Interim assays in the flotation plant at Moctnzuma Copper Co. (after 
McDonald). 


Chino Consolidated Copper Co. Fig. 48. (117 J 13, Q.) 


Location: Hurley, N. M. 

Ore: Chalcocite and pyrite with some native copper and oxidized copper minerals in 
quartzite, diorite, porphyry and various metamorphic rocks (116 J 984) 

Capacity: 12,000 tons per 24 hr. 

Assays: Feed, 1.65 per cent. Cu; concentrate, 15.46 per cent; tailing, 0.554 per cent. 

Recovery: 79; ratio of concentration, 13.6. 


Britannia M. and M. Co. Fig. 49. (28 MM 316; 115 J 375; 113 P 693.) 


Location: Howe Sound, Brit. Col. 

Ore: Chalcopyrite and pyrite with a little sphalerite and galena in chloritie schist. 

Capacity: 2500 tons per 24 hr. 

General: Steeply sloping mill, six floors, 191 ft. high (216 ft. to the top of the receiving 
bins). 


Summary. Underground crushing to —2.5-in.; 2-step reduction in rolls 
from 2,5- to 0.25-in.; closed-circuit tube milling to flotation size, ConcEn- 
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TRATION: Jigging at —0.25-in., flotation of primary slim 
jig tailing. Concentrate-middling routing. - hi eames 
Copper-sulphide ores, fine dissemination. Four general types of flow- 
sheets are employed in treating this class of ores, viz: (1) all-flotation; (2) 
_ gravity concentration followed by flotation; (2) flotation followed by gravity 
concentration; (4) flotation preceded and followed by gravity concentration. 
The first class is illustrated by the Magna mill of Uran Copper Co.. the 
Superior mill of the ENcers Copper Minina Co., the No. 1 concentrator of 
the Moonratn Copper Co., the Mrami Copper Co. plant, and the Mr. Lyeiu 
mill. The Uran Leasine Co. mill, treating a dump tailing which is, artifi- 


Coarse crushing (See. 2, Fig. 7) 
thon ‘ bins (a) | 22 @ 4-Ft. Garfield roughing tables 
) e iu 


ater (ad 4 apron feeders (c) a Wilfley tables 


38-in. bucket elevator 
@ Colorado impact screens, 8-mesh (é) 


8-in. Wilfley pumps 
2 @ 15-ft. Dorr bow! classifiers 


Sand Overflow 


ora 


+) 
2 @ 42x16-in rolls 


24-in, elevator 


Flotati hing cells (h 
—-— aon Soughing hee) 2 Dorr classifiers (f) 


aaa 
iF @ 6-ft. Chilian mills 
2 cleaning cells Overflow 


2@7xI0-ft. balt-tube mills 
22 Garfield roughing tables 


In series Dewatered 
7 re-cleanin T concentrate ¢ 
cell ? 8 Wilfley tables 
pet CS 
T Tailing plant and C M 


water-recovery system 


6-in. Wilfley pump 


1 @ 6-in. Wilfley pump (i) 


6 @ 14414-ft. drum-type filters Bre EDINA 


Cake (1) filtrate Spigot product (k) Overflow 


2-in. Wilfley pumps yrs ; 
Shipping bins (n a re ater storage 


a, Cylindrical steel, 24 ft. 6 in. (diam.) K 40 ft. Two to a section, 14 in ali. Live 
capacity 1000 tons each per 24 hr. 06, One section. c, Twotoa bin. d, 1.2 tons per 
ton of ore. e, 0.080-in. wire, 0.087-in. aperture. f, 4-ft. 6-in. duplex with vacuum trays 
and air jets. g, When magnetite is excessive in amount or is wanted for sponge iron, this 
concentrate is run to 3 drum-type magnetic separators (Sec. 13, Art. 13). h, Eight rows 
of Janney mechanical-air machines, each row with six agitating compartments (two ahead 
of the first air basket) and five @ 2 ft. 6 in. X 10-ft. air-basket compartments. i, Serves 
1% units. j, 5 G75 X 20 ft. and one @ 48 X 20 ft. k, 50 per cent. moisture. UL, 20 
per cent. moisture. m, 8 percent. moisture. n, 17 per cent. moisture. 


Fic. 48.—Chino Consolidated Copper Co. 


cially, a finely disseminated ore, is of this same type. The mill at BrapEN 
Copper Co. and the remodeled mill at the Morenci branch of PHetps DopcE 
Corp. illustrate variants of the second type. INSPIRATION and CoNSOLIDATED 
CoprrermMines are typical of the third class and the new Copper Queen con- 
centrator of the Petes DopcE Corp. the fourth. 

Utah Copper Co., Magna plant. Fig. 50. (6 MMt 414; PC.) 

Location: Garfield, Utah. 

Ore: Chalcocite and pyrite with a small amount of chalcopyrite in granitie porphyry. 

Capacity: 25,000 tons per 24 hr. 
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Distances: Mine to mill, 18 miles; mill to smelter, 2 miles. 
Cost of crushing: see note v. : 
For cross-section of crushing plant see Fig. 51. 
Ore broken by underground crusher to 2%-1n. 
20-ton cars 
5@ 5O0-ton bins 
5 feeders 
Belt conveyor with magnet - 
2 Hummer screens, 0.25-in. opening Steel 


Gare ce ee Gasca ee er ee pasate here 
©) p 
1@72x20-in rolls 


2 belt conveyors in series 
8 Hummer screens, 0.25-1n. opening 
[ida ao eae Te) 
Ch) OQ 
1 
4@ 54x20-in_ rolls 


6 belt feeders 
3 conveyors with weightometers 


Belt conveyor 
Belt conveyor with traveling tripper 


6 @ 750-ton bins 


Sampler 
| (2500) 


Reject Sample 
3 Hummer screens, 0.05-in. aperture 


= 
(4)(2000) €)(500) 


6 Hancock jigs 


M 186) : C [67] (125-200) Overflow (2375) T. 
3 bucket elevators Dewaterer (30 g.p.m.) [33] 


hese ae) 
Spigot Overflow 
Sampler 


18 @3-ft Dorr classifiers 
Overflow Sand 


18 @ 7x10-ft 
tube mills 


6 @ 14-cell 24-in. std. M 8S. flotation machines 
ie Rite > pragma, | 


aes | 
Reject Sample 


Belt conveyor with weightometer 
Coarse-concentrate bins 


: 
Figures in parenthesis = Air lift Sampler Sampler 
i ia . : 

tons solid per 24 hours; Reject Sample Reject Sample 
Figures in brackets are Se ae 
percentages of moisture 3 Dorr thickeners in.series Dunip 

ition eb want Gone + 

Spigot Overflow 


La 
2 Vacuum filters 


Cake Filtrate 
Belt conveyor with wéightometer 
' 


Fine-concentrate bins 


Fig. 49.—Britannia M. and M. Co. 


Summary. No receiving bin. CrusnHine: gyratory, 54- to 6.5-in.; gyra- 
tory, 6.5- to 2.5-in.; rolls, 2 sets in series, 2.5- to 0.75-in. Circuit is closed 
on second rolls with impact screens. Rolls from 0.75- to 0.25- or 0.37-in. in 
closed circuit with impact screens. One-stage ball milling. All transport and 


i 
‘s 
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Open-pit mine . 
80-ton stand: d gage cars (2) 12@ 36-in. apron feeders 
Storage yard (a) 12 @ 20-in. buchet elevators 
Electric train (b) 72 Colorado impact screens % 
Rotary car dumper (c) ids ¢ later 
‘ 24 @ 37.5-in, rolls 
ly, 6.6-in, spaces 
| HO sits ins f ex) 24 @ 36-in. bucket elevators 
1@ No. 27 gyratory crusher, Storage bin 12 @ 6-way distributors J 
set 6 5-in, f) : 2@72-in. pan-conveyors (gy) LOGE ie ad EOE fe drag classifiers BOL and 6 OE ft. drag classifiers 
2 crusher pockets izzlic Overflow Kanthate Lime Sand 
2@72-in. pan-conveyors (h) 4) (i) rs) 26 bel! mills 


2@ 5-way diztributore oil 


2 @ 54-in. belt conveyors 
10 @ 6-way distributors 


Steel hopper bin (k) Steel and timber 
4 orieclics, 2.5-in. spacing (L 60 @ 24-1n, Clad enilsifiere 
a) @ (m) 60 @ 4-cell 24-in. Janney mechanical-air aie 
Surge bin 4@ No. 9 gyratory crushers, cet, 2.5-in. (n) Rough conc. 
&in 60 @ 2-cell 24-in. Janney 


2@ §4-in. belt conveyors (0) with weightometers mechonical-air machines 2 samplers 


2 impact ecreeng (p) Ses eS 
Ha) oy T c Sample Reject 
Burge bin 2 sumps —— 
48-in. belt 6. @ 6-in. centrifugal 
2@ 48-in. bind A Oa cere aed BUDS 1 general-tailing sampler 
2@ 48-in, belt conveyors (r) 60 ee 1 vel 24-in. Janney Sample Reject 
2 bashet-type 2-way splitters mechanical-air machines Waste 
4@ 72120-in. rolls (2) J ¢ 
4 @ 36-in. belt conveyors (t) 2 sympa 4@ 36-in. bucket elevatora 
4@ 4in centri- 2 samplers 


4 round-bottom' steel surge bing 
16@ 36 (diam 2-in. drum feeders 


16 @ 2-cam impact screens (v) 
4 GS) 


Gy ~ 
4 @ 36-in. belt conveyors 2@ 36-in. belt conveyors 


fu ugal pumps Reject Sample 
@ @ 75-ft. Dorr thickeners 


Spigot Overflow 


in. rolls 2 @ 36-in, belt conveyors 4@ 18-in, elevators Old ad 4 
er (ne 11 American filters 0 
E vafoa 
Tank overflow Cake Filtrate Waste 


Fine-ore bing (v) 


1@ 40-1n, conveyor 2 vacuum tanks 
1 @ 30-in inclined conveyor Weir 
Cars Waste 
Smelter 


Fia. 50.—Utah Copper Co., Magna plant. 


a, 45-car trains from mine to a 3-track loaded-storage yard with overhead trolley 
system. Storage capacity, 140 cars permanent and about 200 between train arrivals. 
Usual amount of ore in storage varies from 25 to 150 cars (2000 to 12,000 tons). 6, 10- to 12- 
car trains hauled by electric locomotive and spotted two at a time in cardumper. Empties 
go by gravity to a 200-car, 3-track electrified emnty-storage yard. Switching crews of 
4 men. Two crews needed in summer and three in winter for medium tonnage. c, Two 
one-car units; may be operated separately or together. 50-hp. motor to each unit. 165° 
revolution. Dumper cycle is 2 min., but average time per car including spotting is 5 min. 
d, Dumped ore received on a pile of ore (see Fig. 51) which feeds two grizzlies side by side, 
each 1 car-length in width, 20 ft. long, sloping 42° from the horizontal. Each bar is a 20-in. 
T-beam capped with manganese-steel wearing plates. e, Estimated, 25 per cent. f, 54-in. 
gape, 2-way discharge, 250-hp.@ 300r.p.m.; motor coupled direct to pinion shaft by flexible 
coupling. g, Driven by 2-speed motors. Controls tied in with controls of following belt 
conveyors, but feeder motors can be cut out independently by a push button. A, Driven 
by roller chain and gprocket through friction clutch from 54-in. belt-conveyor drive. 
i, Fines first onto belt. Crusher-pocket products come on after grizzly products. Object 
is to prevent cutting by large lumps. j, Each belt conveyor is fed by two pan conveyors, one 
each from a crusher pocket and the storage bin. Conveyors have ;all-bearing troughing 
and return idlers. Slope, +19°. Each conveyor is driven through double-reduction 
gears by a 125-hp. 2-speed motor, fitted with automatic solenoid brake on a drum attached 
to the rotor shaft, in order to prevent the conveyor from running backward when stopped 
under load. Push buttons for starting and stopping are located near the head pulley anda 
button for stopping near the tail pulley. Speeds, 175 and 350 ft. per min., which allows 
one conyeyor to take the full load when necessary. Steel and timber picked near head 
pulleys. k, For distributing purposes only. 1, Standard manganese-steel T-bars. Each 
grizzly 6 ft. wide & 12 ft. long with bars spread slightly at the bottom. Slope, 42°. Spac- 
ing in summer, with dry ore, 1.25 in.; in spring and winter with wet and frozen ore, 2.4 in. 
m, About 30 per cent. of total. n, Short-head type. Direct-driven through flexible 
coupling by 125-hp. @ 450-r.p.m. motor. Normal control equipment at each motor and 
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cut-out buttons on the feed floor. Forced-feed lubrication with water-cooling for the 
circulating oil. An external oil-pumping and filtering system is provided for treating oil 
from all crushers. 9, Ball-bearing idlers. 6 sets of side idlers, equally spaced. Head- 
pulley drive. 50-hp. motor each, 2-speed, double-reduction gears, flexible coupling, push- 
button control with stop buttons spaced at regular intervals along belts. Recording 
weightometers near head pulley. Moisture sample taken at head pulley. p, Opening 
varies from 1 in, square on dry ore to 1.5 X 3 in. on wet ore. Specially designed 4-cam 


Car aumper 


Grizzly 38°Gage track 
30-Fon \ 


No. 27 crusher erane 


t Grizzig 

7 * N 

eins = 
> 4-72" ae peo 
ae . 

= 4 : a Seer a. 5 = 
Car dumper and primary — Power cable and Sedondary coarse y 


coarse-crushing plant drain tunnel! crushing plant 
x8 Ft 


2’-54" Conveyors 


Fre. 51.—Coarse-crushing plant, Utah Copper Co., Magna mill. 


screens. g, About 60 per cent. r, Incline, +21°. 420 ft. per min. Ball-bearing 
troughing and return idlers. Tandem drive. 100-hp. moter each with fiexible coupling 
and reduction gears. s, Belt driven from line shaft, which is direct-driven through flexible 
coupling by a 250-hp. @ 300-r.p.m. motor. ¢ Slope, +21°. 370 ft. per min. Drive 
similar to 48-in. (note r) except 50-hp. @ 670-r.p.m. motors used. wu, Aperture varies be- 
tween 0.75 and 1 in. sq., as ore is dry or wet respectively. 1 @ Shp. motor to four sereens. 
v, Cost (excluding overhead) for crushing to this size on average tonnage in 1925 was as 
follows: 


Per ton 
Carat Gele DOD so ote aie ene ale dis Cats Kiebeeies maeae ca $0.01053 
POW wae sae 6 ee eT Te SO SR ee Ce ee Coe mat eae 0.00828 
Maintenance, labor and supplies: 
COR CUM GRE Lads shinat Apes Mee YUN ote aan s her 0.00072 
GES OE: OPUS REE emg wo tess Sa lxR wh os slash ee 0.00294 
Readers ABE GONVOVORS ns xis css uci 8 as,es URINE Ree 0.00747 
IAT OOS 5 6 anes a nin lieve ay igi ai oes SiS SS Ate SSeS 0.00173 
ROR See ee cies RC inn on 9 Cones akcale _ 0.00737 
ad RN Nien CS IRR a. OE peering oc: $0. 03904 


elevation in coarse-crushing plant by belt conveyors. CONCENTRATION: 
All-flotation. Rougher-cleaner routing. Concentrate cleaned twice. 

This plant, built about five years later than the Arthur plant of the same 
company, is of interest in showing the retention of gyratories and rolls for 
crushing and of all-conveyor transport, but substitution of impact screens 
for 0.75-in. screening in place of the vibrating screens (Mitchell type) in the 
earlier plant. The impact type is the more rugged and the amplitude of 
vibration is greater. The later plant also contains more bins or hoppers in 
the course of the flow, which insures a more regular feed to all machines 
following the initial crusher and, therefore, better operation. The new plant 
uses more rolls and those for final crushing are of smaller diameter than in the 
old plant. This is in line with usual practice. 

Engels Copper Mining Co., Superior mill. Fig. 52, (Q;123 P 183; 111 
J 904:) 

Location: Engelmine, Calif. 


Ore: Very hard and tough, Altered diorite with bornite, chalcopyrite, chaleocite and 
covellite; some malachite and chrysocolla near surface. 
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Capacity: Have treated 1200 tons per 24 hr. on flow-sheet given. Average, 30,000 tons 


per month. 
Assays: Feed, 2.25 per cent. Cu; concentrate, 30 per cent. Cu, 8 oz. Ag, 0.1 oz. Au; 


. tailing, 0.45 per cent. Cu. 


Recovery: 81 per cent. 

Ratio of concentration: 15 : 1. 

Labor: 30 tons per man-shift, operating; 130 tons per man-shift, repairs. 

Water: 3.5 tons per ton of ore milled, none re-used. Transported 44% miles by flume. 

Percentage possible running time: 90. 

General: Two mines, one at mill, the other 214 miles away, deliver ore by aeria! tram. 
Concentrate with 12 per cent. water shipped 600 miles to Garfield, Utah. 

Arrangement: Steep mill site. See Fig. 53 for section of mill. 

Flotation agents: 26 per cent. fuel oil, 53 per cent. Diesel oil (24° Bé. California fuel oil), 
21 per cent. No. 14 Georgia pine; 80 per cent. added at ball mills; balance to tube mills and 
head flotation cells. 

: Metallurgical data, 1920: Tons milled, 239,612; lb. concentrate, 28,799,769; assays as 

above. 

Costs: 1920: See Table 40. 


Table 40. Milling costs at Engels Copper Mining Co., 1920 


Dollars per ton, milled 
Item 

Operation | Repairs Total 

Coarse crushing.............| $0.0467 $0 .0489 $0 .0956 
lassifying 52 Md. ee 0.0023 0.0042 0.0065 
Ro eriisnings. 2) +2 .1..,%.)°> 00001 0.0058 0.0059 
ASEIDOIOS cic phe ao i, - SOS 0.1621 0.0856 0.2477 
He-sringing ©: 3 ea  1  aeORE 0.0882 0.0214 0.1096 
Conveying-—ss rete ts 0.0092 0.0070 0.0163 
RPamMping. 32: 2-20. wee | OIO044 0.0153 0.0197 
Concentrating s. ot eee 0.0923 0.0132 0.1055 
Wulf eritgieee hc ss Pa eee 0.0262 0.0104 0.0366 
DewAateriieee cide owitio cco os 0.0714 0.0985 0.1699 
POW i bes oe ne A OO ZOOGTN GS Ds. cre aes 0.2909 
ASSAYING... ou 36 Seek wou. Oi0OSE 21h 229525... 0.0086 
WR OUOT AL Ree ain Ae wr sucdees mh gs OU IAG HA, ee ee os 0.0146 
Heating and lighting........ O08 16 ae edenyete wns 0.0816 
Boarding house............. OnOSN 7 die SB ise 0.0317 
Total pee reer $0 .9308 $0.3103 $1.2407 

| 


Summary. Crusnine: Jaw crusher, 16- to 5-in.; gyratory, 12- to 3-in.; 
gyratory, 3.5- to 1.5-in.; rolls, 2- to 0.75-in.; 2-stage ball milling from —2-in. 
and —l-in. (in parallel) to 65-mesh. ConcenrraTIon: Flotation by a 
complex roughing-cleaning routing using both agitation-froth and pneumatic 
machines for roughing and pneumatic for cleaning and re-cleaning. — 

This plant is illustrative of the most favorable type of sloping mill site; 
the hill is steep and there is solid bed rock practically at the surface So that 
foundations are small and few retaining walls are necessary. With the 
exception of the inclined conveyor from the secondary gyratories to the trom- 
mel, the elevator closing the circuit on the rolls, and the pumps for circulating 
flotation pulps, the products flow by gravity from feed bin to concentrate 
bin and tailing dam. The mill is set higher on the hillside than otherwise 
necessary in order to provide head-room for tailing disposal one mile distant. 
As a result concentrate must be lowered from filters to the shipping bin at 
considerable inconvenience on account of spill, A better design would have 
placed the filters just above the shipping bins with thickened filter feed 
flowed down hill in pipes or launders. At Mzamr both thickeners and filters 
are placed at the bottom of the hill and unthickened concentrate is flowed to 
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Engels mine 
' 
Tunnel cars 
800-ton flat-bottom storage bin 
36-in. pan conveyor 


Crude-ore bin (a) 
80-in. pan conveyor 
Grizzly, 3-in. spaces 


&) - 78x36-in. jaw vrusher, set 5-in. 
1 @No. 8 gyratory crusher (b) Belt aes 
j j 450-ton bin 
Srizely, Tn Spans jek Aerial tram, 2.5-mi... 


+) Rethach ee Ne 
2@WNo. 5 gyratory crushers (b) Superior-mine hoist 


24-in. belt conveyor 
Merrick weightometer 


88-in. x14-ft. trommel, 1-in. and 2-in, rd. holes 


Les ay 
+2-in. -2-in. t1-in. Q 
1 @ 54x24-in, rolls, 0.75-in. set 1 @900-ton cyl. steel ore bin 3 @ 900-ton cyl. steel ore bins 
' 


Belt-bucket elevator 


ie. ee 3 @ 6-ft.x36-in, Hardinge ball mills (h) 


3 @ 6x21-ft. Dorr duplex classifiers (i) 
Sa, 
{! @ 8-ft.x36-in. Hardinge ball milf 
1 @ 7x10-ft. ball-tube mill (g) 


1 @ 6x21-ft. Dorr duplex classifier 
1 @ 44-ft. Dorr duplex classifier (i) 


1 @ 8x6-ft. Marcy ball mill (9) 
1 @ 6x21-ft. Dorr duplex classifiers (i) 
ie LS Ce ES DT hs eee | 


Sand 


Slime Slime 


2 @ 6x12-ft, ball-tube mills(g) 


2@ 6x2T-ft. Dorr duplex classifiers (2) 


SRERIE TTT) Ga 
Sand Slime 
Sand Slime 


To) 
Automatic head sampler 
Reject Sample 


7 @ 20x10-ft. Dorr thickener (j) 
2@6-in.Krogh centrifugal sand pumps 


3 ae Zia 
1@ 24-in. 12-cell M.8. fletation machine! 1 @ 78-in. 12-ceil M.S. flotation machine 
Overflows 1 and 2 | Overflows 8-12 incl. 7 T Qverflows 7-12 inel. Overflow No.1 


Overfiows 3-7 incl. Overflows 2-6 inel. 


2 Callow cleaning cells ; 2 Callow roughing cells 
Caanenirate ee Rough concentrate 


2 Callow re-cleaning cells 1 @ 3-in. Krogh sand pump 
Concentrate 


Automatic sampler 2 Callow cells 


Automatic sampler 


Sample Reject C Serer rete «| 
SSS Reject Sample 
1 @ 16x16-ft. Dorr thickener 3 drag classifiers in series 
Overfiow (n) Spigot Sand Slime i 

q. 


1 @ 16x16-ft. settling tank (0) falling damn 


1 @ 80x16-ft. Dorr thickener 


Overflow 2-in, centrifugal firs Tis apes ope. 
Settling tank eae Spigot pai. 
o ay 1 @ 8x6-ft. Oliver filter (1 Creek (r 
Overflow Solid { n) = 
7 @ 12x8-ft. j 
Waste @ 12x8-ft. Oliver filter 
Filtrate Cake 


P lh 
8-in. centrifugal pump 2@ 12-in. conveyors 
Merrick weightometer 


Storage bin 


Fig, 52.—IEngels Copper Mining Co., Superior mill. 
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the former. Outside inclined tramways, one each side of the mill, serve the 
different floors, at considerable expense. 


Careful experimental work has proved that by crushing all ball-mill feed to pass I-in. 
ring one ball mill followed by two tubes could grind 866 tons per day to 10 per cent. + 100- 
mesh at an expenditure of 10.7 kw.-hr. per ton ground against 444 tons for one ball and one 
tube mill, consuming 15.1 kw.-hr. per ton ground, according to the flow-sheet shown. 


Notes to Fig. 52. 


a, Cylindrical, steel, 24 ft. 6 in. (diam.) X 30 ft., flat-bottom, 837 tons live capacity. 
b, See Sec. 3, Table 15. These crushers have suffered undue breakage, probably due to 
iron. Cobbing magnets have now been put in ahead of the crushers. g, See Sec. 4, Table 5. 
h, See Sec. 4, Table 11. i, See See. 6, Table 40. j, Feed contains 33 per cent. solids; no 
overflow, acts as equalizer; 1.03 r.p.m.; draws 2.6 hp. This surge tank is a marked aid to 
good work in the flotation cells. m, The larger filter is sufficient. The smaller one is a 
reserve. m, Purposely cloudy in order to remove semi-colloidal silicious material that clogs 
filters. o, Has no rakes. Discharged intermittently. p, 10 per cent. +100-mesh most 
economical. Finer grinding gives higher recovery but causes trouble in filtering, yields a 
wet cake, and in the final analysis costs more than the increased saving. g, Added as emul- 
sion. 1.75 1b. per ton of original feed. r, Dewatering and clarification compulsory. Cost 
$0.17 per ton of ore milled in 1920. 


Mountain Copper Co., No. 1 Concentrator. Fig. 54. (119 P 331.) 
Location: Shasta Co., Calif. 

Ore: Chalcopyrite and pyrite in alaskite-porphyry gangue. 

Capacity: 550 tons per 24 hr. 

Assays: Feed, 2 per cent. Cu and 8 per cent. Fe; concentrate, 15 per cent. Cu. 
Recovery: 92 per cent. 

Ratio of concentration: 7:1. 

Labor: 27.5 tons per man-shift (e) (A). 


Power; 25.8 hp.-hr. per ton, installed. Tunnel cars 


Grizzly, 10-in. spaces (a) 


(+) Cc) 
Sledged 


7200-ton bin ()) 
Belt conveyor 
1 @ 48-in. trommel, 2.5-in. holes 
ea) @) 
1 @ No. 6 Gates gyratory 


\ 
1 @ 42-in. trommel, 2.5-in. holes 


o) G) 
Picking belt Bucket elevator 


Lump chalcopyrite Reject 
' 
Smelter 7 @WNo 4 Mec Cully gyratory 


(2) aur yo junjd buysnso-a841002 


Distributing conveyor 
Railroad storage bin (e) 
5-miles by rail (a) 


Automatic sampler 


Oil (2) Sample 


800-ton mill bin 
4 belt-driven Challenge feeders 


1 @ 16-cell 24-in. standard M. 8. flotation machine (g) 2@ 7x6-ft.' ball mills(m) 
First 8 to 10 cells Last 4 to 6 cells Ke 2 Dorr simplex classifiers 
c M | Sand Th Overflo 
Bucket elevator xe 


Bucket ‘elevator Automatic sampler 
j f 
4 @ 8ft. cones (j) Hage Sawele 
f Tailing Dam 
Spigot Overflow Saas 
' 
: 1 @ 17410-ft. Dorr thickener 
Overflow Spigot 


2 @ 8-ft. x36-in. conical 
pebble mills (f) 
2@ 17-ft. x22-in. chain 
drag classifiers 


be ae 
Sand Overflow 


U) 
Collecting box 


1@ 11% x6-ft. Oliver filter ()) 
Cars Cake Filtrate 


Smelter Belt conveyor 


Fie. 54.—No. 1 concentrator, Mountain Copper Co. 
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_ @, 30-Ib. rails over bin. One man sledges oversize through. b, 6 feed gates. One 
tnan. c, 700-ton capacity. d, Narrow-gage track. Train: 1 Shay engine and 

7 @ 20-ton cars. e¢, Capacity, 600tonsin Shr. Crew: 1 foreman, 1 oiler, 1 feeder, 1 roust- 
. t, 1 grizaly man, 3 pickers. 100-bp. motor drives entire plant. f, Wedzge-bar liners 
] 10 mo. in cylindrical and adjoining conical portion. Liners near trunnions last much 
longer. Mills not unloaded for liner renewal. Herringbone pinions last 22 to 26 mo. 
sumption of California pebbles, 6 to 7 Ib. per ton. g, Repairs for 2-years’ operation 
1 two sets of impellers, 2 sets of impeller-box liners and 1 set of regulating valyes. Feed 
about 30 per cent solid. h, Average 0.8 lb. per ton of ore: about one-half kerosene-acid 
sludge, balance a mixture of crude turpentine, tar oiland light fuel oil. i, Added to impeller 
boxes when needed. j, Entire flow to one cone until filled, then diverted to others in 
rotation. One purpose is to provide storage so that filter is run only half time. Principal 
Purpose is to separate coarser concentrate, amounting to 75 per cent., which, when filtered 
separately, forme a 2- or 3-in. cake with 9 per cent. moisture. Dorr-thickener discharge 
Yin. cake with 14 per cent. moisture. If entire concentrate is sent to filter, cake 
Carries 13 per cent. moisture. Settled concentrate in cones is loosened slightly with high- 
pressure water and then ‘‘boiled”’ with compressed air for 5 or 10 min. before filtering. 
It then draws readily. k, Mill crew: 1 flotation operator, 1 oiler, 1 man full time on concen- 
trate handling and 1 man half time, the balance on sampling, repairs, etc.; 3 roustabouts on 
day shift, 1 foreman; total crew for 3 shifts, 12 men. 1, Not over 4 per cent. +60 mesh. 
i 4- and 5-in. chrome-stecl balls; consumption, 1.8 to 21b. per ton. Chrome-steel liners 

t 4 mo. 


_ Summary. Crusuina: 2 gyratories in series, 10-to 2.5-in. in closed circuit 
with a trommel; 2-stage grinding in ball and pebble mills to 4 per cent. +60- 
mesh, ball mills in open circuit. ConcenTration: All-flotation, concentrate- 
middling routing, one agitation-froth machine. 


Miami Copper Co. Tig. 55. 


Location: Miami, Ariz. 
| Capacity: 7000 tons per 24 hr. 
hi Ore: Chaleocite and pyrite finely disseminated in granitic schist. 
Azsays, per cent. Cu: Feed, 1.60 to 1.90; concentrate, 35 to 45; tailing, 0.1 to 0.15 sul- 
phide; 0.25 to 0.30 total. 

| Recovery: 88 per cent. average. 

Fatio of concentration: 20 or 21:1. 

Labor: 46.2 tons per man per shift, operating; 241 tons per man per shift on repairs. 

Water conzumption: 2.8 tons per ton of ore milled; 66.5 per cent. re-used. 

Power consumption: 15.8 bp.-hr. per ton milled. 

General: Mill at mine. Water transported from 2 to 7 miles from wells. Railroad, 
44 mile from mill. Power transmitted 144 mile. Concentrate shipped 1 mile. Gently 
sloping mill site. 

* Summary. Crusuine: Gyratory from 12- in. to 2.5-in.; 2-stage roll crush- 
ing with second roll in closed circuit, 2.5- to 1.5-in. and 1.5- to 0.62-in.; 3-stage 
ball milling to 48-mesh. Concentration: All-flotation, rougher-cleaner 
routing. Primary flotation at 10 to 15 per cent. +48-mesh; slime from 
primary tailing re-floated in secondary machines, sands re-ground and returned 
fo the primary machines. 


4 
Notes to Fig. 55. 


Numbers in parentheses indicate tons solid per 24 hr., those in brackets, tons water per 
M4hr. a, There is some difference between the different sections. 6, See Sec. 23, Art. 3. 
¢, Because of small storage capacity the coarse-crushing plant must be operated 24 hr. 
Hence two complete units like the preceding are maintained, although only one is in use 
wany time. d, Throw at discharge, 1-in.; 50-hp. motor, 22 hp. consumed. Spindle speed, 
18 r.p.m. Oil consumption, 0.35 gt. per shift. Life of eccentric bushings, 30 days. 
Manganese-stecl concaves last 100 days; about 8 hr. required for a change. e, 50-hp. 
motor,125r.p.m. Shells, Midvale steel, 5in. thick when new and 2 to 3 in. when discarded. 
Bearings re-babbitted every 45 days, average. f, 200-hp. motor, 126 r.p.m. Shells, 
Midvale steel, 614 in. thick new, wear to 2 in. in 45 days, when they are discarded. Manga- 
1ese-steel cheek plates last 7 days. Bearings re-babbitted every 45 days, average. Eight 
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Mount Lyell M. and M. Co. Ltd. Fie. 58. (38 4 


Lovations Mount Lyell, Australis 
Ore: 


From twe mimes. Lyeuz SOMSTOCE, chalcopyrite and DYtite finely dieeninated 
iW SCANTESS Kaneve with stringers af sulphiie-bearing quartatie. Nore Lyrenr dornite, 
ehaleopyrite and pyrite in quartane with some schist. Far snslysis sce Table {1. 


i ; ; 
i Cu, | Ag, oz Au, on, 
| per cemt. perton | per ton 


PEPE rer ve 054 | on | 
oe Sage W 147 6.647 


ty: 100 tome per 24 br Table 41. Anzlyses f Mount Lyell ore. 
Vy, DE Cent: Cu, WA; (After Waterlurusz) 


tf comismbsation: B51. | Lyi ' Naorth . 


| C i zy | Lye ‘ 
. CEvsuinxe: Whence atin al aK 
Cu, per ecst....-.2.-- 2.6 ] 3.5 
AZ, G1... 0.23 0.7 
A A, C590 0.02 001 
7 GiOz, per cent... 45.0 GO 
2- to 0.12-in.; tube | x, P i 
stgge 3 2 €, PE cemt... el | 11.5 f $.0 
open-cireuit, from 0.12- | Barite.....000 14 2.0 
L to W-mesh. Concen- | 42%----- is ats aa 


cee) Piriotsiens-com- $e 

ation routing. Concentrate handling is peculiar in that no thickener 
| ahead of the filter. Bucket devators are used throughout for lifting 
ilp, _ This is old-style and less satisfactory practice on fine sands and slime 
an the usual American practice with centrifugal pumps. 


t 
q Table 42. Sizing analysis of fistation tecd and products, 3%. Lyel (sft 
: 5 Waterhouse) 
Peed Concentrate Tailing 
; ; rT ; | Becor- 
We le gl gee ie “ Insol- < | ery, 
aght,| Ca, | Fe, |\Waght,) Ca, | Fe, 7. | Weight., Ca, | Fe 


Pe | per per | per per | per | ied per per | per | 
cent. | cent.| cent.| cent. cent.) cent.) PF | cons, cent, | cent rie 


4.7 #1 
10.1 73.9 
13.4 $1.4 
9.2 91.1 
4.1 96_4 
Total | 100.0 | 2.77) 8.8) 100.0 \10.01| 25.5) 24.6, 100.0 | 0.2¢! 1.9 90.9 


Notes to Fig. 
tL 6 @ i0-ton hopper cars with 10-ton, H-hp. loconnctive. b, Too staal for adeauat 
ng. Lined with discarded mangancee-ste] jaw plates. Bottom, 35° dope. Clayes 
Auiced out with minimum water. c, Water spray above jaw opening io allay dusting. 
Bit long, +3° slope. 275 it. per min. Sply belt. Fine wet material adheres to belt 
#8 scraped off into a launder 2t start of return run. 19-in. mushroom meng. 
muand-hole punched plate, 14 or 16 gage. Connecting rods, 3 plies 4 & i4in. ash with 
fs of 37-in plate. Sercen on 5° slope, lower half below water. About 2 bp. per sereen. 
B 13¢-in. strokes per min. f, 25 percent. moisture. g Dp 
ged soll belt-driven, plain roll geardriven. Life of chromesic 
usted, 5100 tons. h, See Sec. 6, Fig. 33. 5 (diam) K 6% &, 634-in. diaphragm, 
a annular opening i, 26 per cent. moisture. jf, —Waecch ik, Mills tire-and- 
Gontype. 29rpm Each gear-driven by 74-hp. direct-comnected motor with ferible 
ings on both rotor and counter shaft. 750-+.pm. motors used, but speed is too high 
cient mechanical performance. Mills are run in both directions to lengthen life of 

and liners. Life of ribbed cast-iron shell liners, 23,000 tons; end limers las. Con- 
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Lyell Comstock mine nyo bore a Lyelirmine 
Ore train (a) 1 30-ton bins (b) 7%-ton cars 


5x2-ft. grizzly, 1-in. spaces 
PLE As Ne 
a) 
7 @ 20x12-in. jaw 
crusher, 2-in. set (c) 


Bin (u) 
Corrugated-roller feeders (v) 


2 shaking screens, 0.12-in. opening (e) 
CoN ae oS eee er nT | 


+) G) Elevator (t) 
2 sets 50x15-in. flanged rolls (9) Screen box 1 @ 18-in. belt conveyor (d) 
Coarse Fini 


Elevator (x) 


5-ft. diaphragm cone (h 
j i Qearflow 
Oit (0) Spigot (i) GQ) 


2 @ 5x16-ft. tube mills (k) 2 @ 20x10-ft. Dorr thickeners (!) 
Co — . > i ee 
Spigot Overflow 


1%-in. plug discharge (f) 
Elevator (w) : 
Sampler (y) 


Reject Sam) 


Chip screen 
h 
Bucket elevator (2) Chips and worn pebbles Elevator (aa) 
Conical surge tank (m) 7 @ 8x8-ft. Oliver 
Oil (p) \(s) filter (ab 
1 @ 12-cell 18-in. standard M. 8. flotation machine () Cake 
Last 4 boxes First 8 boxes T 14-in. belt conveyor (ac) 
) . \ 2-comp. 80-ton 
M ¢ Cascade box (g) nonper tin 
Waterhouse cleaner (r) Froth T(s) %-cu, jd. cars Water 
G(s) M Track scales Returned 
Sintering plant mill circu 


Fie. 56.—Mt. Lyell M. and M. Co. 


sumption Tasmanian quartzite pebbles (214- to 4-in. diam.), 11 Ib. per ton. J, 8 min 
per rev. Spigot product, 40 per cent. solid. Tanks, 3i6-in. plate on sides and 14-in. 01 
bottom. Gravity discharge through 4-in. gate valve. m, 214-ft. diam. X 3% ft. deep 
n, Cast-iron liners. 4-bladed impellers, 19-in. diam., 320 r.p.m., M4-turn belt drive, 2-in 
impeller shafts, 8S. K. F. radial and thrust ball races. 4-in. ball-bearing line shaft. 75-hp 
motor, 14-in. camel-hair belt. 2-bladed froth skimmers, 19 r.p.m. Air added unde 
first impeller. 18 per cent. solids in feed. Temperature varies from 47° F. in winter t 
74° in summer. Operations are best at the higher temperatures. 0, Mixture: one par 
eucalyptus oil and two parts coal tar by disk feeder; eucalyptus oil separately by pet cock 
p, As needed. g, See Fig. 57. 1, Not used regularly on account of excessive wate 
consumption. Consists of box containing concentrate, into which high-pressure (80 lb. 
water is passed by a jet ejector (3i6-in.) s, For sizing analysis see Table 42. t, 3314-ft 
centers, 75° slope; 12-in., 8-ply balata belt; 12 X 6 X 5-in. buckets spaced 15 in. 380 ft 
permin. u, 2 @150tonseach. 45° bottomslope. v, 20 X 20in. 2r.p.m. w, 35%-ft 
centers, 80° slope, 12-in. @ 8-ply balata belt; 12 X 6 X 5-in. buckets spaced 9 in. 41 
ft. per min. x, 2534-ft centers, 80° slope, 12-in. @ 8-ply balata belt; 12 * 6 X 5-in. bucket 
spaced 9 in. 367 ft. per min. y, Double-cone type. Cuts 1 part in 3280. z, 27%4-ft 
centers, 80° slope, 12-in. @ 8-ply balata belt; 12 X 6 X 5-in. buckets spaced 9 in. 35 
ft. permin. aa, 4014 -ft. centers, 80° slope, 12-in. @ 8-ply balata belt; 12 x 6 X 5-ir 
buckets spaced 24 in. 367 ft. per min. ab, lrev.in 8min. Dry-vacuum pump, 3% 
(diam.) X8-in. 250r.p.m. 22-in. vacuum. Feed contains 52 per cent. moisture and cak 
11.5 per cent. Cake thickness, 14 to 2 in. Capacity about 600 lb. solid per sq. ft. pe 
24 hr. Drum winding, 14-gage copper-clad steel wire, turns spaced 5¢ in. Life of canva 
about 8 mo., 16 hr. required to re-cover and re-wind. Pneumatic agitation unsatisfactory 
Filter replaced 3 @ 30 X 8-ft. steel draining tanks with filter bottom, connected wit 
wet-vacuum pump. Concentrate drained therein to 15 per cent, moisture in one week 
ac, 5014-ft, centers, +26° slope, 137 ft. per min, 4-ply belt, 
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Utah Leasing Co. Fig. 58. (Q; 208. Feed box 
L. Min. Rev. 21; 105 J 535.) eee 
3-3" Down pipes, 


Location: Newhouse, Utah. spaced 7” 

Ore: Dump tailing from Cactus mill of So. Urag 
Mines aND SMELTERS. Chalcopyrite in quartzite 
-gangue. Average copper content, 0.70 per cent., 


of which 0.10 per cent. is oxidized in sandy ma- 


terial and as much as 0.30 per cent. in slimes. 36"lon er 
Oxidation is greatest in dry, shallow parts of 1h W. Pine 2th" Diam. 
dump. For sizing tests of sand and slime portions 7"W. Pine 4" Overflow 
see Table 43. H3 76 pice 
Capacity: 700 tons per 24 hr. C. 1. Liner. : 
Assays, per cent. Cu (Sept., 1918): Feed, by, Opening 


0.584; concentrate, 16.85; tailing, 0.202. Con- 
centrate contains about 2.5 oz. silver and 0.09 oz. 9% 6" Launder. Diam. 
gold per ton. 
Recovery: (Aver. 1918) 62 to 65 per cent. 
Ratio of concentration: Aver. 40:1. > 
Percentage possible running time: 92 (aver. 314% (Section 
years). A — = a 
Labor: 104 tons per man-shift, operating; 310 Te or ee 
tons per man-shift, repairs. 7 z E : 
Power: 17 hp.-hr. per ton milled. Motors 5- to 20-hp., 440-volt; over 20-hp., 2200-volt. 
Water: 750 gal. per ton of ore milled. 
General: Dump material excavated with 30-ton steam shovel (a drag-line scraper 
failed) and hauled an average distance of 600 ft. to mill by dinky train. CosrT per ton 
(1917), $0.12. Concentrate shipped 220 miles. 


Summary. One-stage ball and pebble milling (mills in parallel) followed 
by agitation-froth flotation, concentrate-middling routing. 

This is a typical, cheap dump-tailing flotation plant. Cost of such plants 
per ton of daily capacity is extremely low. (See Sec. 23, Table 37.) 


Table 43. Sizing tests of feed to Utah Leasing Co. mill 


Weight, per cent. 
Screen, mesh j 
Sand Slime Mixed 
4 O45 Tid ohieth ariceal-aant eatieds 
8 ‘io ee | eee ee 5 
14, 1 a ae 25 
28 20 tale ink. taptessde 28 
35 aia Veer receries 5 WA BY 3 
48 Oe mae | ii Oe Oe 18 
65 5 Ae 6 
100 5 2.0, 5 
150 4 6.5 ||) abi dee 
200 2 SO) on || epee es 
— last screen 4 86.8 13 


Notes to Fig. 58. 

b, Belt-driven. Satisfactory. c, See Sec. 4, Table 11. d, 24 @ 12-in. strokes per 
min. Slope, 2% in. per ft. 5-hp. motor. Overflow, 27 per cent. solid. Total load, 600 
tons per 24 hr. Life of submerged rakes, 18 mo.; balance, 3 yr. e, For sizing test see 
Sec. 4, Table lla. g, 23 @ 10-in. strokes per min. Slope, 2% in, per ft. 3-hp. motors. 
Overflow, 27 per cent. solid. Total load, 400 tons per 24 hr. Life of rakes as above (d). 
i, 2 @ 22 X 10 ft., 1 @ 50 X 10 ft. Spigot products held at 55 to 60 per cent. moisture 
because elevator will not handle thicker material. j, Feed, 15 to 20 tons per 24 hr. all 
+65-mesh. Cake contains 18 to 22 per cent. water; as high as 26 per cent. in winter. 
Gage reading, 18 to 20 in. mercury. Speed, 1 rev.in 18 min, k, Cos (1917), $0.0805 per 
ton. Combined grinding cost (1917), $0.205 per ton. m, Cost of concentrate handling 
(1917), $1.26 per ton of concentrate or $0,0347 per ton of ore milled, 
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Side-dump cars 


20-in. be it CDT a Grizzly, 2x6-in. openings 


16-in. continuous -bucket elevator Taal deontedonle aches 
76-in. belt conveyor th 
: t j Waste 
600-ton storage bin 
2 Challenge feeders (b) 2 Challenge feeders (b) 


20-in. belt conveyor 
78-in. belt conveyor 


1 @ 8-ft.x30-in. Hardinge ball mill (c) 
7 @ 6x16-ft. Dorr duplex classifier (d) 


we > ik a Lo. 
Sand Overflow (e) 


2 @ &-ft. x48-in. Hardinge pebble milts 
2@4-ft. 6-in. 'Dorr duplex classifiers (g) 
(i com pues ot soe ss Seis we a ee 


Sand ~ Overfiou 


38 @16-in. bucket elevators 
1 @ 24.in. 12-cell standard M. S. flotation machine (k) 


T 
1 @ 24.in. 9-cell standard M. 8. flotation machine (k) 
c T 
a 


Automatic sampler 


2@ 12-in. bucket elevators 
Dorr thickeners (i) 
Spigot Overflou 
1 @ 12-in. bucket elevator a 
1 @ 8x6-ft. Oliver filter (7) 
Filtrate Cake 
Shipping bin (m) 


Reject Sample 
Tail race 


Vic. 58.—Utah Leasing Co. 


Braden Copper Co. Fig. 59. (Q; 101 J 315; 28 IMM 236.) 


Location: Sewell, Chile, S. A. 

Ore: Chaleopyrite (75 per cent. of total copper), bornite and chalcocite in shattere 
andesite. Variable proportions of copper oxides, carbonates and silicates. 

Capacity: 10,000 tons per 24 hr. 

Assays, per cent. Cu: Feed, 2.0 to 2.3; concentrate, 18 to 20; tailing, 0.4 to 0.45. 

Recovery: 80 to 82 per cent. 

Ratio of concentration: 10:1. 

Labor: 12 tons milled per man-day. 

Power: 24.7 kw.-hr. per ton milled. 

Water: 3.2 tons net per ton of ore. 

General: Mill is about 114 miles from mine. Smelter on property. Power transmitte 
18 miles at 33,000 volts. Ore hauled by electric railroad. Fall from top of coarse-ore bir 
to bottom of filter plant is 400 ft. : 


Summary. Crusnine: Gyratory from 12- or 14- to 3-in.; disk crushers an 
rolls (in parallel) from 3- to 1-in.; ball mills from 1- to 0.16-in.; 2-stage ba 
milling with intermediate sizing, classification and table concentration t 
40-mesh flotation size. CoNcENTRATION: Shaking tables followed by flote 
tion of primary slimes and re-ground table tailing. Roughing-cleanin 
routing. 

This mill replaced a smaller up-to-date gravity-concentration — plar 
having jigs, tables and buddles, in which average recovery was only abot 
50 per cent. 

Notes to Fig. 59. 


a, Numerator = tons solid per 24 hr.; denominator = tons water per 24 hr. 6, 10-h; 
motors. c¢, Length, 57 ft. 6-ply belt. 150 ft. per min. 15-hp. motors. 36 X 36-1 
Dings magnetic head pulleys. d, Length, 210 ft. 6-ply belt. 159 ft. per min. 10-hj 
motor. 30 X 26-in. Dings magnetic head pulley. e, 30-in. X 18-ft. manganese stec 
f, McCully. 75-hp. motor. g, Length, 34 ft. 6-ply belt. 150ft. per min. 5-hp. moto 
30 X 30-in. magnetic head pulley. h, 88 r.p.m. 150-hp. motor each. i, 4 @ No. 7) 
Telsmith, 1 @ No. 74% McCully. 75-hp. motor cach. j, Lengths: 1 @ 24 ft., 4 @ 261 
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13000-ton coarse-ore bins 


9484 (a) 4 Dorr classifiers (z) 
30 16 Overflow « 1648 Sand 1348 
{ apron feeders (6) “6520 |_1986-tons fag 450 
5 @36-in, belt conveyors with magnetic head pulleys (c) 4@8-ft. Callow cones | water added 
Spare § Grizzlies, 1-in. I ¢ 2 4 @ 36x72-in. trommels (ab 
= i in. spaces (e) Iron Overflow 1188 Spigot 460 ae 08 
36 ee dy 4650 5742 o60-t0n¢ | 778 © 286 Coe 
rs 150 EO : 
38-in. belt conveyor, Sam AIC UEaTORTOnaH 280 water added 258-tons 
Bb sion: head pulls yor, 4 gyratory os ners (@) i mater added 
5 @ 24-in. belt conveyors, 8 Wilfley tables (aa 8 Wilfley tables (aa) 
fron mag. head pulleys (j oily ables (aa) 
; - fron i ulleys ( 7 481 9 85 915 
Grizzly, 1-in. spaces (e LaF sey C-=. ——T 
oo pe B grizzlies iron 7021 7 70 1145 
a pipe 
12 gece 9908. 
No. 7% gyratory (f) 110 ag Fars 
24-in. belt conveyor, 10 @ 48-in. Symons 22_ | 2624 
mag. head pulle disks (k) 999 ~ | 3724 
4426 


2 @ 72x20-in. rolls (h) 


tron 


‘6'drag classifiers (ac) 
1335 Sand 2389 


5590 how «1222 x 
; 338 refow 3950 il (ao) 596 207-tons| 
~96-in. belt conveyor (1) 36-in. belt conveyor are 6 Hardinge ball mills (ad) “ater 
9484 1 belt-bucket elevator (ae) 
36-in. belt conveyor with 576 b 
weightometer (n) 36-in. belt conveyor (m) Flotation plant for 
86-in. distributing conveyor (0) Ore chutes , 5 are 9 
Snyder sampler Gil (a0) 31799 
44 1 9010 1798 
Sample 26 Reject 490 11 @ 24-in. standard M. 8. flotation machines t 
Sample bin’ (a) Ball-mill feed bins (p) pane £10 
Sample mill 3, 2519 “3160 § 
Reject Section No.1 oui Tes eaC aloes) he . Gallows cones” 6868 
Spigot aoe Overflow 57034 
Sample 50 Callow roughing cells (ag) 
6 @ 8x6-ft. Marcy ball mills (r) 8150 7 8801, 527 ¢ 
2793 28959 wet 26167 5310 
2065 General tailing sampler 14 Callow cleaning cells (ah) 
28x36-in. trommels, 4-mm. aperture {s} Reject : | GAP 465.) 
© 2650 148 Dump - Sample {267 Ftoor 5048. | 
20 Wilfley tables (w) 1588 —— 47 I72 ee 3 ] : 
e 128 T 2996 18 Hs n., bert. conveyor (f) 3 Blaisdell Hy ‘an) 4@8-in. centrifugal 
924. 4380 18-in, belt conveyor (u) oma come 9 a pumps (ai) 
12-in. belt-buchet elevator (v) on LOCOUSIOe 


2310-tons water 
added for class- 
ifier operation 


I 
1 @ 18-in. belt conveyor 
with Merrick weightometer 


Aitomatlo'eampler 7 Pour (fash ‘a iG 
=e Overflow 67 __ Spigot 497 


8 drag classifiers (x) 
Sand 5642 


280-t 
oe epee tad 400%on Sample Ol 2096 
added 8 Hardinge ball mills (y) storage bin : 2@8-in. Krogh 
5642 centrifugal pimps 


1668 
2 agitators (ak) 


78 627 
3 50 387 
2@7x10x7-in. 3-stage plunger pumps 4@11-ft, Oliver filters 4 Montejus (al) 


es 1@11-ft Olver filters 

Mill supply tank Gide 0 Fithate °Kelly presses (am) 
a 19 2) 627 | Of 
4 ee Gals 139° 242 se 


1 @ 18-in. belt conveyor with Merrick weightometer 
Mixing plant 7 @ 18-in, belt conveyor 
§000-ton storage bin 
aan 


Fic. 59.—Braden Copper Co. 


6-ply belt. 150 ft. per min. 5-hp. motor each. 30 X 26-in. magnetic pulleys. &k, Hori- 
zontal-spindle type. Spindle, 100 r.p.m., 40-hp. motor. Eccentric, 30-hp. motor. See 
Sec. 3, Table 19a, for sereen tests of feed and product. JL Length, 246 ft. 6-ply belt. 
300 ft. per min. 20-hp. motor. m, Length, 55 ft. 6-ply belt. 190 ft. per min. 20-hp. 
motor. n, 8-ply belt. 350 ft. per min. 35-hp. motor. Merrick weightometer. 0, Over 
ball-mill feed bins. Length, 365 ft. 6-ply belt. 350 ft. per min. 35-hp. motor. p, 7000- 
ton. 18 steel apron feeders each with 5-hp. motor. g, 500-ton. 1, 17,500 lb. balls. 
23r.p.m. 225-hp. motors direct connected to mill countershaft. Herringbone gears, 
s, Attached to mill. Diagonal-slot plate screen. ¢, Runs in front of the 6 mills. 
Length, 54 ft. 5-ply belt. 140 ft. per min. 3-hp. motor. 4, Length, 19 ft. 5-ply belt. 
140 ft. per min. 3-hp. motor. v, Length, 45 ft. 8-ply belt. 300 ft. per min. : Buckets, 
6X6 X 10-in., spaced 18in. 5-hp. motor. w, Butchart riffling. 240r.p.m. 1 @ 50-hp. 
motor. Purpose is to remove free oxides and such oxide and carbonate as are adherent 
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to coarse sulphide and would be lost if slimed. x, Settling areas, 42 X 84in. Chains 
39 ft. long; blades, 3 X 32 X 34 in., spaced 18 in. Chain speed, 40 ft. per min. 15-hp 
motor on line shaft for 8 drags. y, 2 @ 8-ft. X 48-in. and 6 @ 8-ft. X 36-in. Cascade 
liners. Cast-iron balls; average charge, 6600 lb. 27 r.p.m. 150-hp. motors. z, Duplex 
Model C. Slope, 214 in. per ft. 15-hp. motor for four. aa, Butchart riffling. 24¢ 
rp.m. 16 tables to 1 @ Jd-hp. motor. a6, 2.5-mm. round-punched plate. 18 r.p.m 
Slope, 1 in 10. 1@7.5-hp. motor. ac, 42 X 90-in. settling areas. 24-ft. chains with 
3 X 84 <34-in. blades spaced 18 in. Chain speed, 40 ft. per min. 15-hp. motor fo 
6 machines. ad, 5 @ S8ft. X 30-in.; 1 @ 8-ft. X 22-in. Cast-iron cascade liners, aver 
ball load, 6600]b. 27 r.p.m. 150-hp. motor each. ae, 18-in, @10-ply belt, 7 xX 7 x 
18-in. buckets spaced 16 in., 519 ft. per min. 25-hp. motor. af, Double-unit, Howarc 
stirrers. 227 r.p.m. Each unit driven by direct-connected 150-hp. (390-r.p.m.) motor 
ag, 48 X 114-in. Slope, 4 in 10. Removable air baskets. Diaphragms of 3 thicknesse 
‘‘Kelly’’ (filter) cloth and 1 of 16 oz. canyas duck, stitched. Air at 5to 7 lb. 3 @ 20,006 
cu. ft. multi-stage direct-connected turbo blowers for these and 14 cleaner cells. ah, Sam 
size and type as roughing cells. ai, 36-ft. lift, 900r-p.m. 2 pumps direct-connected to on 
motor. 1 @ 100-hp. and 1 @ 85-hp. motor. aj, 4@ 60 X 13 ft., 1@ 34 ft. 9 in. X 8 ft 
7% in., 1 @ 34 ft.9 in. x 10 ft. 3in., 1 @ 30 ft. x 10 ft. 3 in. 60-ft. tanks have 5-hp 
motors. ak, 12 (diam.) X 9ft.22r.p.m. 3-hp.motoreach. al, Each 225 cu. ft. capacity 
capable of 100 lb. per sq. in. am, Capacity, 175 cu. ft. each. 40-to 50-lb. pressure. an 
30 (diam.) X 12 ft. 10-hp. motor each. Blaisdell ‘“‘ A ’’ excavator, capacity 100 tons pe 
br. ao, Swedish or American pine-tar oil, fuel oil thinned with a small araount of kero 
sene. Some of the tar oil is added to the ball mills, the balance with the mineral oils anc 
sulphuric acid is added at the primary flotation machine, 


Phelps Dodge Corp., Morenci branch. Fig. 60. (Q; Arthur Crowfoot 
PC; 69 A 176; 109 J 1349.) 


Location: Morenci, Ariz. 

Ore: Chalcocite in monzonite porphyry, granite porphyry and quartzite. 
Capacity: 4500 tons per 24 hr. 

Assays: See Table 44. 


Table 44. Phelps Dodge Corp., Morenci plant, August, 1925 


Percentages 
Material 1 

Feed Concentrate Tailing 
Coppertttotali so a5 tt. f: DDO 22.069 0.292 
Copper, acid-soluble. 0.176 0.623 0.1382 
Copper, sulphide.......... 2.051 21.446 0.160a 
Susy he ee ee 26.20 a a 
Subplanee dee eres dbase S51 32.8 OE? 
PSO inecare See TASES 63.0 URES . 68.0 
Ain ae er ete es ee 18.0 3.0 19.5 
DUNG, See teas ie we 0.4 0.4 0.4 
TNS ONTO 28k as cos celle ace ake POSE ¢= balls: farses ewe 


a With finer grinding this can be brought down to 0.12 per cent. 


Recovery: 88.1 per cent. of total Cu; 92.9 per cent. of sulphide Cu. 

Ratio of concentration: 11.25: 1. 

Water consumption: 282 gal. fresh water, 847 gal. reclaimed water, 1129 gal. total wate 
per ton of ore. 

Labor: Tons per man-shift, operating, 38.9; repair, 76.7; total, 25.8. 

Power consumption: See Table 45. 


General: Mine to mill, 34 mile, max. Water pumped 614 miles. Tailings run 12,000 f 
through a flume on 2.85-per cent. grade. Railroad at mill. Sloping millsite. Powe 
transmitted 14 mile at 2200 volts. 
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Run-of-mnine ore 


No. 7/4 gyratory crusher, set 2.5-in. (a) Hummer screens 


a <i) (—) (1000, A (+)(3500 
72x24-in. rolls, set 0.5-in. (1000) 4@ 64x a ON 
54%24-in. rolls 
atlied bel Belt conveyor 
nolined belt conveyors 2 2 belt-bucket elevators 
Hummer screens, 6-mesh aperture (b) f 
ee Sy 2 belt cpnueyors 
5000-ton fine-ore bins (c) Hummer screens 
1(4500) =) Water (4) 
Belt conveyors 4,500) [6750] 4 @ 43x16-in. rolls 
42 shaking tables (0 
3 C (164) [64] (0) T (4386) (p) 
; \<(219] added | [10574] 
4 1 (@ 44 %18-ft. Dorr classifier (¢ 6 @ 6x20-f1. Dorr classifiers 
Dewatered concentrate (7) Overflow Sand Overflow 
p a 
1@ 4) x18-ft. Dorr classifier (c) 6 primary grinding mills (f) 
a Dewatered concentrate (8) Filtrate F 
(4) (373) 6 Dorr classifiers (g) 
: 7] (6672) 1 
Sand [2595] Querflow 
(4836) (13008) 
71 duplex pneumatic roughing cells (h) 
Overflow from early compartments (q) Overflow from final compartments 
(96) [1368 (200) [1800] 
(4195) [16760] 
6 (@ 4.5x18-ft. Dorr duplex classifiers 
Sand Overflow 
6 @ 7-ft. x42-in. conical ball mills (i) 3 . ee 
wed (14,00) (554) 6 @ 14-ft. bowl-type classifiers 
6 @ 3-in. Wilfley pumps Sand (4195) [16780] Dilerpow 
(2100) (2100) 
Secondary pneumatic cells (7) 
Overflow (105) [1500] Tailing 
Cleaner cells (kc 
T (155) [1207] Overflow (150) [1993] (q) 
18 Dorr thickeners (I) 
Spigot (250) [250] Overflow [3584] 
4 Oliver filters (m) pais 
ed ‘ 
Cake (250) [54) (q) Filtrate (192) 4 Dorr thickeners (1) 
Belt conveyors Triplex pumps Overflow (9145) Spigot (4990) [6135] 
Cars to'smelter '  Water-supply tank Tailing dams 


Fic. 60.—Phelps Dodge Corp., Morenci Branch. 


Numbers in parentheses represent tons solid per 24 hr.; in brackets, tons water. a, See 
Sec. 3, Table 15. 6, Screen area calculated to pass through 1.5 tons per sq. ft. per hr. 
c, Piped with compressed air to prevent hang-up of fine ore. d, 3886 tons wash water 
added per 24 hr. = 15.4 gal. per min. per table. e, With vacuum connection near sand- 
discharge end. f, Three 7 X 12-ft. cylindrical grate mills, two 8 X 6-ft. cylindrical grate 
Mills, one 8-ft. % 48-in. conical ball mill. g, Four 8 X 26-ft. 8-in. and two 6 % 25-ft. Dorr 
duplex classifiers. 2434 tons water added per 24 hr. h, 154 @ 33 42-in. bottoms, 1482 
sq.ft. Flotation reagents: Alkali xanthate, 0.080 lb.; pine oil, 0.051 Ib.; lime, 3.31 Ib. per 
ton of ore. i, Lagged down from 8 ft. X 36 in. j, Three duplex cells, 60 @ 33 X 42-in, 
bottoms; one duplex cell, 28 @ 33 X 48-in. bottoms; 48 standard Callow cells (13.43 sq. ft. 
each); total porous bottom, 1537 sq. ft. k, For primary concentrate, 30 standard Callow 
cells (13.43 sq. ft. each) = 4038q.ft. Forsecondary concentrate, nine 33 X 48-in. bottoms, 
16 @ 33 & 42-in. bottoms and 12 standard Caliow cells, total 416 sa. ft. L 13 @ 30-ft., 
2 @ 45-ft., 2 @ 50-ft., 1 @ 60-ft.; total, 19,124 sq. ft. = 76.5sq. ft. per ton of solid per 24hr.; 
5.1 aq. ft. per ton of water per 24 hr. All roughed in one of the 30-ft. tanks with rakes at 
40°; spigot product is granular, 60 per cent, solids; overflow goes to the other tanks. m, Two 
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11.5 (diam.) * 12-ft., one 11.5 X S-ft., one 14 X 14-ft.; total area, 1338 sq. ft. = 375 Mk 


solid per sq. ft. per 24 hr. 


Table 45. 
Corp., Morenci mill 


Power consumption at Phelps Dodge 


n, One 200-ft., one 130-ft., two 60 ft. square; total area, 51,88 


sq. f{t.; = 12.7 sq. ft. per ton of soli 
per 24 hr. or 3.4 sq. ft. per ton ¢ 
water. o, 19 per cent. Cu. p, 1.4 


Operation 


I<w.-hr. per ton 


per cent. Cu. g, Combined floté 
tion concentrate, 23 to 24 per cen 


Primary crushing............ 
Secondary crushing........... 
Primary grinding............ 
Secondary grindingw.....s-. 2+ 
Hlotatione errs cone noe 
Concentrator water (pumps). . 
Concentrator lights.cas.--.-..-. 
FOIGereye cote Ghas coun ieee 
SHOpSt ce cs ree ee ea 
Sampling and assaying (@).... 
Magnets and cranes (a@)....... 


COCO CORNKaHO 
bo 
or 


4 
° 

is 
© 

— 
= 
oo 
or 
rs 


Cu. r, 12 per cent. moisture.- s, 
to 8 per cent. moisture. 


Summary. CRUSHING 
Gyratory from 12- to 2.5-in, 
two sets of rolls in closed ¢1 
cuit to 6-mesh with Hum-me 
screen; two sets of rolls 1 
closed circuit to table size 
one-stage primary ball-millin 
to primary flotation size; one 
stage re-grinding of sand tailin 
in ball mills. CoNcENTRATION 


a Direct current. 


Tabling followed by primar 


and secondary flotation, rougher-cleaner routing. 


Table 46. Power consumption at Inspir: 
tion (May, 1925) . 
Inspiration Cons. Copper Co. Fig. c 
p Fe aetae 5 Kw.-hr. per ton 
61. (65 A 576, 707; G. H. Ruggles, Pecation of ore 
PC.) C hi 
a <i : yoarse crushing...... 0.44 
Location: Miami, Ariz. ke Fine grinding........ 10.19 
Ore: Chalcocite and pyrite indecomposed | pyotation pumps 0.13 
schist and granite. Flotation, blowers... . 1.69 
Capacity: 18,350 tons per 24 hr. Drag classifiers 0.03 
Assays: See Table 47. Pabicnike.. Swede 0.13 
Recovery: See Table 47. ie Rilberswe ee eee 0.01 
TGV ARORS(. = osc) cec ee 0.01 
Vid CU Newpetemcccmomeetltercoreen 0.04 
Ratic of concentration: 41: 1. Compressors........ 0.05 
Labor: Tons per man-day; operating, Reclaimed water..... 0.76 
59.0; total, 42.0. Fresh water......... 0.95 
Power: See Table 46. General, lights, etc... 0723 
Water: See Table 48. 
pOtalsey, cnet 14.66 
2 Table 47. Performance at Inspiration concentrator (May, 1925) 
Percentages 
mee General General 
concentrate Tailing 
Total CODD CIM eine Gee a ee ae 1.114 36.238 0.235 
Oxide !COpDeraneriyre te eee O. ESTAS MAIS aT OO® eee: 0.178 
Sulphide copper! ual bbb ae o Oe ODT WR wT TORS 0.057 
Tron’ © sme SLU dy be aaig | Ol 2.80 1OLOHP1 alipnsod) 
SUID, cov renee mir gee apenas eh Ne 0.78 260° | gk, Ae hay 
Piccinbio: See Welle) Innbants BP veviottod mak 15:82 Nap sro :ectonh 
TGirrLe ey Sete ra cn See carne Peetanens. Sea en ea | Seen Marco O129G.2v0fog letot (ae 
SVIOIS UU sais eee eto pe es crate chs eae ann ms TO Eo g750Ke |! pa BRED al 
Recovery, total calculated...... ee eee ee ee WO4Q IOS ARE SEE ae 
RECONCEYs SUIDIGe sr ate tn neers hte |) eee 92006 «tthe $4. Re 
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Ore from crushing plant (a) 
in 14-car trains 
Storage bins (6) 
18 sections thus 


30-in. apron feeder 


20-in. inclined conveyor 
with weightometer (c) 


Water, lime Divided hopper Water, lime 
; = ae ST Ga, 
and oil added (sy and oil added (s) 


7 @ 8x6-ft. Marcy ball mili 
17 @ 6x27-ft. Dorr duplex classifier 


Overflow (t) Sand 


7 @ 8x8-ft. Marcy ball mill 
1 @ 6x27-ft. Dorr duplex classifier 
a SS eS Sd 


Sand Overflow (t) 


Potassium xanthate solution, 34% Zo 


Chip sereen F 
i Chip sereen 


Typical section vs 
Ha WETE aalor 
1 @ 16-compartment double Inspiration machine (g)(k)(m) Sand Overflow 
C T Deister classifier (e) 
1 @ 6-compartment double Inspiration machine (j)(m) Spigots Overflow 
= : 
r C 11 double-deck Deister sand tables 
Pump, 4-in. centrifugal | é T 
For 18 sections combined For 18 sections combined 


2 bucket elevators >| Sand-settling tank (¢ 


Dorr thickeners (h) Dorr thickeners (p) 
a a | 


Spigot Overflow Overflow Spigot 
Z buchet 95% of total 
elevators, pagal 
Oliver filters (i) 
Cake filtrate Mill-supply tonk Taiting dam 
20-in. bel; Water Drained tailing 
conveyor (n) Puri () ae Sa 


Shipping bins 
———————————————— 


a, See Sec. 23, Table 1, and Sec. 3, Fig. 13. 6, 12,000-ton, 875 tons per section. 
Suspension-bunker type, two-tracked; length, 300 ft. Material, — 2-in. disk-crusher 
product. c, 150 ft. per min, d, 3 ft. 344 in. X 10 ft.2 in. 16 cells in some sections. 
@, 22 in two parallel series of 11. g, Irdividual compartments, 3 X 4 ft. 3 in. For 
details see Sec. 12, Fig. 37. Ah, 2 @ 80-ft. Dorr tanks. 17 sq. ft. per daily ton of con- 
centrate. When oil was used 5 @ 60-ft. and 3 @ 80-ft. tanks = 49 sq. ft. per ton were 
necessary. Spigot product contains 62 per cent. solids. 4 4 @ 11 ft. 6in. X 12 ft. = 150 
tons solid per filter per day. Cake contains 8.5 per cent. water, average. Moisture 
increases with increase in insoluble. With coal-tar as the selecting agent five or six filters 
were required to produce cake averaging 17 per cent. moisture, with the day-to-day per- 
formance highly variable. j, 3 X 3-ft. compartments. k, Water sample taken at the 
head of the cells and alkalinity determined. J, Consists of a series of Caldecott cones in 
a rectangular tank, 17 X 109 ft. Overflow to 3 @ 60-ft. Dorr thickeners. m, 4 single- 
stage centrifugal air compressors delivering 23,000 cu. ft. of free air per min. at 5.75 lb. per 
8q. in. 720 hp. installed. Average air consumption #& 11.4 cu. ft. per sq. ft. of blanket 
Surface per min. n, 100 ft. per min. 0, See Sec. 6, Art. 6. p, 5 @ 60-ft., 1 @ 80-ft., 
3 @ 100-ft., and 1 @ 200-ft. gq, 4 vertical triplex pumps each geared to a 100-hp. synchron- 
ous motor. Capacity each pump, 2000 gal. per min. Lift, 113 ft. r, 1 @ 3000-gal. 
2-stage centrifugal. s, Lime added in the form of a 4 per cent. lime emulsion. 5 per cent. 
of the total pine oil is also added to the lime water in a junction box and thence to the ore. 


#, 3 per cent on 48-mesh, 


Fie. 61.—Inspiration Consolidated Copper Co. 


eae! eee 
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Storage bin 
12000-tons 
capacity 


Flotation 
machines 


Rougher Cleaner 
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olassifiers 

Hydraulic classifying 
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re re deck 
sand tables 
toh "-0'S<—~56"-0" lec: eet 48'-0t >t<- 48'-0% 


. 62.—Section of Inspiration concentrator. 
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Doublexdeck 
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Fig. 63.—Section of Inspiration concentrate-handling plant. 


Table 48. Water supply at Inspiration (May, 1925) 


Gallons per Tons per Per cent. of Per cent. of 
ton of ore ton of ore reclaimed water| total water 
Reclaimed water 
Tankasen. hits, .tp. 494.3 2.061 78.8 54.5 
Pottdse b..08. .. eames 132.8 0.554 24.2 14.6 
Totaleke te. th... cei. 627.1 2.615 100.0 69.1 
Fresh water. ......... 279.4 1165, Otel Sep Sse. 8 30.9 
Totaltwaterts .f..% 25 0. 906.5 SAT SOE ACY: TORS. YARN 100.6 


General: Mill has 20 units. For arrangement of machines see Figs. 62 and 63. 
Flotation agents: Potassium xanthate (Z-30), 0.2435 lb; pine oil, 0.1513 lb.; lime, 1.216 
lb. per ton. 


Summary. One-stage ball milling from 3-in. to —35-mesh. Flotatio: 
by rougher-cleaner routing followed by tabling of de-slimed flotation tailing 


\e Sd 


ie 
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Consolidated Coppermines Co., Fig. 64. (64 A 816.) 


Location: Kimberley, Nev. 

Ore: Typical porphyry copper ore containing chalcocite and some pyrite. Analysis: 
Cu, 1.4 per cent.; SiO», 64 to 85 per cent.; AlO3, 4 to 12 per cent.; Fe, 4 to 5 per cent.; 
CaO, 0.5 to 2.5 per cent.; S, 2.7 to 3.2 per cent.; Au, 0.01 to 0.02 0z.; Ag, 0.05 to 0.08 oz. 

Capacity: 1000 tons per 24 hr. 

Assays: Feed, see above; concentrate, see Table 49. 

Recovery: See Table 49. 

Ratio of concentration: See Table 49. 


Railroad cars from ‘nine 
1000-ton bin 
24-in. belt conveyor 
Grizzly, 1.5-in. spacing (a) 
(+) (—) 
1 (@ 15x24-in. jaw crusher 
1 @ 20-in, bucket elevator 
1 @ 24-in, belt conveyor with tripper 
Mill bins 
30-in. belt feeders 
2 @ 24-in. belt conveyors 


Fresh water 


2 © 8-ft.x36-in. conical ball mills 
-— Return water 
2 @ 6x20-ft. Dorr duplex classifiers 
a a ES 4 ae | Se Cae Ges eee 
Sand Slime 
Sampler 


TS TEEPE 
Reject Sample 
12. primary Callow-type : 
pneumatic flotation cells (f) 
LEE ae 
Cc 


T 
Air lift 


12 secondary Callow-type 
7 intermittent settling tunks (d) pneumatic flotation cells 


T c 
4 bucket elevators (c) Elevator (b) 
2 stirring tanks (e) j 16 Wilfley tables 6 Callow-type cleaner cells 
3 @ 8x8-ft. Portland filters i L tae Cc 
, : al Centrifugal 2 centrifugal cs 
; . fea Cake Filtrate pump pumps 
uone 6 Wilfley tables 
2@ 16-in. conveyors c nas 


in series 
Railroad car ou Sampler. 
eS oe Sample Reject 
ae 3 @ 85x13-ft. Dorr thickeners 
aR Sa Ea 
Centrifugal pump Overflow Spigot 
Mill-supply line seledea deecated Waste 


2 return-water pumps 
Mill-supply tine 


a, 2X 12 ft. 6, Diaphragm pump in one section, bucket elevator in the other. c, In 
sets of 2. d, 6 @ 20 X 8-ft. Goldfield tanks and 1 @ 30 X 6-ft. 6-in. settling tank, in 
parallel. e, 20 X 8ft., Goldfield type. /#, Flotation agents were various mixtures of 
coal tar and pine oil from the start (May, 1917) to Aug., 1918; thereafter X-Y mixture 
(alpha- and beta-naphthylamine and xylidin), all in alkaline circuit with lime. For com- 
parison of results see Table 49, Note the increase in recovery and grade of concentrate. 
caused by the X-Y reagent. There was a corresponding reduction from 17.2 to 9.4 per cent. 
in the moisture content of filter cake. Savings were: smaller tonnage of concentrate to be 
filtered, freighted and smelted; quicker filtration (one shift with 1 or 2 filters against 
3 shifts with 3 filters). 


Fic. 64.—Consolidated Coppermines mill. 


Summary. CrusHivc: Jaw crusher, 12- to 2-in.; one-stage closed-cir- 
cuit ball milling to flotation size. CoNcENTRATION: Pneumatic flotation, 
combination routing, with shaking-table treatment of flotation tailing with- 
out classification. CoNCENTRATE THICKENED in intermittent settling tanks. 
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Table 49. Monthly results of mill operation, Consolidated Coppermines Co. (After 


Linton) 
Reagent, kind and pound per ton Pett pee ge 
4 ; Pulp | cent.! cen- | of Mill 
Month Coal- Bae é den- on |trate,} con- jrecoy 
Coal| tar | Pine | yett |x-cake| XY |Limel SY 48- | per | cen-| ery 
tar | creo-|{oil(a) No.4 din mesh] cent.| tra- 
No. 3 
sote Cu | tion 
1917 : 
MES c< «gees £5394) .0 09 On033| Org 2 lice... 2... |< Seaee 2:39 | 2.576 5920113; 80] 12.4) 60.2 
June... aviex bey) OSGH O.. E71 006)... S220 te oe 3.40}.3.18| 4.6 |12.32) 10.0| 70.1 
July £AG\! OS2Sr Ov] -OFOB4.% . 4.) ke 2. 86,3122) 422 WSse52t082)) Tie 
Anesth Gel bee | One | Oc ck ewe als eee niette © « 2.59+ 3.29] 4.9 |15.50! 10.0] 78.7 
September .|ial +651) 0028) | O26) | oho oc | Phau =e 3.36] 3.07] 4.3 |18.42| 10.4] 83.9 
Ocieber..co-4d st OF21 [OFS |i. a. ciccns 1. | OS 3.77] 3.00) 4.5 |15.40] 11.4] 82.2 
Wovember .| 1.250716) 0.16)... 0.) .- .cen pee bas 3.16).3,10), 3.6 [15,20) 13.4] 75.6 
December. | 15. 263.0.95 ,O30805.....-]- 2. 2a} s eek we 3.58| 3.00] 3.3 15.10) 12.1] 77.4 
1918 
March. . SRO ES OPO rea i sf ba 3.26 | 2.9 3.6 |15.20) 15.0) 7325 
April... ae - L357 CO LO Olle nee s sie ee  e an 3.521 3.0 3.8 ;11.30) 13.2) 65.8 
Mayer... 0.95 i) OSES) O05: | A el erate: ope | eae 2.58| 3.0 AMANASH IO! LT 7) 7228 
URC screen ESO LOR eae ed babe carl 30 Oy ww deen aor 1738363 5.7 117.00] 13.7| 84.& 
July. : | grt C8 pial Cag.) henge ae resi TEEPE deere enc ars 1.85] 3.0 Tr4|17 230/216 Tore 
August orligiale Dinan coremer emer | os as wo 6 aE FOS SB VS|® G8 20 21Sh 201.4 | 75 26 
Septenaber=|4 tccaulliw aces spats fe ae ok 0.225) 0.115) 1.581°3.37|] 5.5 ;18.00).21.2| 79.3% 
OGtOb exe ges < |\--0e kt. BROWNS 02129 |'0.080| 1.87] 3.42| 5.3 |20.65] 21:1}-83<¢ 
Noxembers|\vatalatizd Ble... ojettiet ¢ 0.121) 0.082 | 2.52] 3.40] 5.4 |20.06) 19.6] 81.£ 
December teen alee al « «ak 227 }°0.1307'0 .066 | 2.99] 3.40| 7.3 118.85) 17°51 "78%¢ 
1919 } 
January. SHIT Br SAM ho caceeaes 0.155] 0.099 | 2.82] 3.55) 6.8 |21.00) 18.7] 86:3 


a Pensacola No. 80. 


Phelps Dodge Corp. Copper Queenconcentrator. Fig.65. (111 J 1079. 


Location: Bisbee, Ariz. 

Ore: Porphyry. 

Capacity: 4800 tons per 24 hr. 

Assay: Feed, 1.5 per cent. Cu. 

Recovery: 90 per cent. 

Power: From smelter at Douglas. 6000 hp. Diesel auxiliary plant at mill. 

Water: Total re uirement, 1516 gal. per ton. Of this 1140 gal. per ton is reclaimed 
the Dorr tanks and filters. Fresh water from mine, about 24 mile distant. 

General: Sloping millsite. Building, steel with corrugated-iron siding and compositic 
roofing, Dorr tanks and flotation cells of concrete, 


Summary. Crusninc: Jaw crusher, 60- to 8-in.; gyratory, 8- to 4-in 
disk crushers, 4- to 1.25-in.; 2-stage rod-milling to 14- and 48-mesh, respe 
tively, first stage open-circuit. CoNcenTRraTIon: Shaking tables precedir 
and following pneumatic flotation, rougher-cleaner routing. 


Notes to Fig. 65. 


a, 335 ft. long. 6, 150-hp. motor each. Rod charge, 36,000 lb. 3-in. high-carb 
steel rods. 174 r.p.m. Crushing to 14-mesh, single pass. c, Concrete, 22-compa 
ment, 231 sq. ft. blanket area, each machine. 4d, Concrete, 6-compartment, 83 sq. 
blanket area, each machine. e, Feed, 38.5 tons each. 1-hp. individual motors. f, F 
the 4 units. g, All conveyors have ball-bearing troughing and return idlers. Automays 
electrical interlock with crusher drives to prevent damage from stoppage of any machin 
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Open pit 
40-yd. side-dump cars 1 @ 42-in. inclined belt conveyor (a) (g) 
Inclined grizzly 1 @ 42-in. conveyor (9) 


Shuttle conveyor (9) 
10,000-ton mill bins 
4 units, each as follows 
6 @ 20-in. apron feeders 
3 @ 24-in. belt conveyors (g) 
2 @ 6 4x12-ft. rod mills (b) 


7 @ 6x18-ft. Dorr duplex classifier 


Sand Overfiow 


(+) 
1 @ 66x84-in. jaw crusher, set 8-in. 


2 /@ 48-in. pan conveyors 
500-ton surge bin 
diternative 4 (@ 48-in. apron feeders 
2 @ 48-in. belt conveyors (g) 
2 revolving grizzlies 


(F) ek ( 
2@ No. t) gyratories, set 4-in. M 10 Plat-0 tables 
Alternative . 7 1 
2 @ 36-in. belt conveyors (g) Air lift 2@44x18-Ft. Dorr 
4 screens, 2-in. round openings 4 Blaisdell tanks (f) duplex classifiers 


(+) —) 
4 (@ 48-in. disk crushers, set 1.25-in. 


Storage tank 


: 2 @ 615 x12-Ft. rod mi 
Centrifugal pump 2 rod mills (b) 


2@ 6x18-Fft. Dorr 


Alternative 


| Dewatered cone. 

ins for smeltin d ifier 

Wa a ching 0. a Standard gondola cars peas aesisiars © 
Smblter Sand Overflow 


6 (@ 75-ft. Dorr 
tray thickeners 


2 Inspiration-type pneumatic cells (c) 


Overflow Rou 
' gh concentrate if 
at Spigot aS ——— 
5(@ 14x14-ft. Oliver filters . oes ck ; EEN 

Pirate nspiration-type iE 
Cake pneumatic cells (d) Ti 

Bins G 7, 1 @ 200-ft. Dorr thickener 

ir ae. 
Standard gondola cars Overflow Spigot 


Smelter 


Tailing pond 
Mill water supply 


Fic. 65.—Copper Queen concentrator. 


15. Diamond (C) 


Properties. Diamonds are a crystalline form of carbon. They occur in two forms, 
viz.: the crystalline or gem variety and the amorphous-appearing variety, known as CARBON 
SPECIFIC GRAVITY of gem diamonds is 3.50 to 3.56; LusTmR of cleavage 


or CARBONADO. 
SPECIFIC GRAVITY 


faces is adamantine, while the natural faces have a more greasy luster. 
of carbonado ranges from 2.75 to 3.42 and the LusTwr is dull and earthy. 
Uses. The principal use of the crystalline variety is, of course, as a gem stone. Chips 
and dust from cutting the gem varieties are used as polishing powder for gem diamonds and 
for other gems. Bort, a low-grade crystalline form, and carbonados are used as abrasive cut- 
ters, dies, and pivot bearings in delicate apparatus. The best carbons are used principally 
for setting diamond-drill bits. Poorer grades are used to point cutting tools in turning 


machines, glass cutters, and the like. 


Ores. Until about 1870, the sources of gem diamonds were placer de- 
posits, the principal ones being in India and Brazil. Since 1870, the South 
African mines (KIMBERLEY, JAGERSFONTEIN, Premier, etc.) have supplied 
the bulk of the world production. Here the diamonds occur scattered 
through an altered peridotite (blue ground). A somewhat similar occurrence 
is found near Murfreesboro; in Pike County, Ark., but while a considerable 
number of diamonds has been found in this deposit, it has not been proved 
up or worked on a commercial scale. Carbonados are found in only one 
locality, viz.: the highlands of the state of Bahia, Brazil. The deposits are 
in patches in quartzites and in river gravels derived from these rocks, 
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Production. The potential production of gem diamonds in South 
exceeds the world demand, and, in order to maintam prices, the actual 
duction is elesely limited by government officials werking with the mini 
companies The demand for earbonados, on the other hand, is Im exe 
of the supply with the result that prices (1924) ranged from $90 or $100] 
carat for the poorer and smaller stones to $150 er even higher fer che 


stones, a 
Rest @) ? @8 150 Sheettect 
Conveyor meiery yer 
Grizzly, Ode spaciag Fleet 
a 


a § @ 14% wasting 2c 


| FAIR ~Q at OI “QI. 


Sorting benakes : 

@, No grinding medium. The larger lumps of hard reek are depended upea te eff 
disintegration. Fine grinding is not desired. 6, See See 8 Art 3. cg. lie? rer e 
of the original tonnage. @, 15 to 3D per cent of jig feed = O15 te 4 per cent. of mill &k 
This materis! consists of diamonds tegether with all heavy mimerals frem the rock. 
South Afries these sre pyrope, zireen, eyanite, chrome diopside, enstatite, pyroxenes ma 
ilmenite, magnetite, chromite, hornblende, elivine, harite, caleite and pyrite. € Be 
Brit, [222% Ed] 162.)  e, Will recover stones ss small as 90 te the carat. Originally 
gravity concentrates were hand-picked toe recover the diamonds f& Disintegration 
westheriag has been displaced on scceunt of the cast of handling, danger of theft, 3 
Isrge amount of eapitsl tied up in the weathering msierial A, The fellewing sche 
may be taken as illustrative of South African practice. i Frequently not ineludes 
South African mills. 

Drying and subsequent wetting, as practiced an the clayey feed. cause the esy ted 
down to s thin mud, while without drying it is extremely difficult, to disintegrate. “J 
treatment is a local development, not typical of SouthTAfriecan practices. 


Fie. 66.—Arksansss Dismond Corperation. 


Treatment depends upon the kind of ore and the leeality. The carbens 
gravel deposits are worked by the Brazilian natives in bateas or, in the m 
elaborate plants, in sluices, sluice concentrate being worked up in the bat 
A native with a batea can work about 1 cu. yd. of gravel per day when 
is easily accessible, uncemented and near water (218 J £92). The Sar 
African blue-ground deposits are treated in concentrating mills in which + 
general method of treatment is eareful disintegration (formerly by weather 
for 3 or 4 months to two years, but recently by mechanical means), cone 
tration by washing in rotary pans, sizing of the concentrate. Riewing, treatmy 
of jig concentrate on greased shaking tables or greaseLhelt, vanners, clean 
the concentrate by melting and pouring off the grease and washing the = 
residue with hot caustie solutions and with hydrefiuorie acid, and fins 
hand sorting and grading the ultimate concentrate (Ladee). The few-sh 
of the Arkansas Diamond Corp. shows & recent mull scheme. 
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_ Arkansas Diamond Corp. Fig. 66. (109 J 983.) 
Location: Murfreesboro, Ark. 
Ore: Peridotite in place and residual clays resulting from weathering. 
_ Capacity: 20 to 25 tons per hr. 
_ Summary. Careful disintegration to free the diamonds without breaking 
them, followed by gravity concentration and re-treatment of gravity concen- 
trate on greased tables. 


16. Emery and Corundum 


Properties. Corundum (Al,03) occurs as the gem varieties, sappHIRE and RUBY; 
as a dull to dark, non-transparent crystalline variety, called conunpum; and as a black 
or grayish-black granular variety, intimately associated with hematite aud magnetite, 
called bMERY. Harpnuss, 9; sp. GR., 3.9 to 4.1. 

Uses. The massive crystalline corundum and the granular emery are used in the form 

of wheels, bricks, coated papers, grains and powders as abrasives in metal and stone polish- 
ing, and as knife-edges and jewel bearings in delicate apparatus. As abrasives they come 
into competition with the artificial abrasives (carborundum and alundum) and, due to the 
fact that the latter are more uniform and reliable they have largely displaced the natural 
minerals. 
_ Ores. Corundum occurs as loose fragments and crystals in residual 
soils; as placer deposits, and as a constituent of crystalline rocks, e.g., peg- 
matites, gneisses, granites, schists and the like and also in crystalline lime- 
stones. Emery occurs in similar crystalline rocks. The principal corundum 
deposits of the world are in a region in the Transvaal where known deposits 
of all three varieties are scattered over 2000 square miles. (So. Afr. Jour. 
Ind., Dec., 1924.) There are also large deposits of both gem and crystalline 
corundum in India. Canada has important deposits. The most important 
emery deposits are in Greece. There are workable deposits in New York, 
Massachusetts and Virginia. 

Production of corundum in Canada was about 1200 tons in 1913 and 400 
tons in 1921; in India 400 tons in 1913, 2100 in 1917 and 200 in 1920; in 
South Africa, 13 tons in 1913, 3900 in 1918, and 600 in 1921. Production 
of emery in Greece in 1912 was 7900 tons and in 1921, 11,000 tons. Domestic 
production of emery was 1000 tons in 1913; 17,000 tons in 1917; 300 tons in 
1921, and 2000 in 1924. The great expansion in 1917 was due to interruption 
with the Greek supply. 

Selling. The value of corundum and emery depends on their hardness 
and toughness. The best grades are those tough enough not to crumble 
readily, but which crumble sufficiently at the surface, under ordinary grinding 
pressures, to present ever new, rough abrasive surfaces. There are no 
standards. Chemical analysis is indicative, but appearance and the behavior 
of sample lots are the final test. Both corundum and emery are marketed 
in crude lump form and finished by crushing and extremely close sizing in the 
plants of the abrasives manufacturers. The South African corundum output 
has ranged in value, from 1919 to 1924, inclusive, between $30 and $40 per ton. 
Exports of two tons of Canadian corundum in 1924 were valued at $125 per 
ton. Domestic emery production since 1919 has ranged in value from about 
$7.50 per ton in 1921 to $12.75 per ton in 1923. (33 MI1.) Best-grade 
imported (Greek and Turkish) emery was quoted (J, Feb. 6, 1926) at 614 cents 
per Ib. 

Treatment. Residual and placer ores are treated by simple washing 
processes. The crystalline ores are treated by gravity concentration. THE 
Manvracrurers Corunpum Co. mill (Fig. 67), burned in 1913, was probably 
the most elaborate of such plants. 
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Quarry 

400-ton bin 3+ to 4-ton side-dump cars 
Challenge feeder sea scales 

Fixed screen 400-ton flat-bottom bin 


1 @ 15x24-in. Blake-type 
crusher, set 2/,-in. (a) 


7 @ 18-in. belt conveyor (b) 
3-way splitter 


2 sets of rolls (0) 
2@ 36-in. x13-ft. trommels, 4-mm. holes (c) 
&) 


( 
2 sets of rolls (0) 


ee ie ee ee 
2 @ 6x20-in. Blake 7 guratory crust 
Belt- aes elevator (d) crushers, set Ya -in. set %-in. 


2-way splitter 
2@ 36- -in. x13-ft. trommels, 4-,6-, and 8-mm. holes (e) 
+8-mim. ~8+6-mm. —6+4-mm. —4-mm. 


1 1 
1 double 2-comp. Harz jig (f) 2 double 3-comp. Harz jigs (g) 


(i). Hutch No. 1 (3) Hutch No. 2) T (hk) Hutch No. 1 (j)+ Hutches No. 2 and 3 


T(t) 


2 @ 36-in. x13-ft. trommels, 2-and 2 o-mm. holes (k) 
+2 Yo-mm. -2)4+ 2-mm. -2-mm. 


: 1 double 3-comp. Harz jig ()) 6 Querstrom tables (m) 
T (h)-Hutch No, 1 (7) Hutches No. 2 and 3 (i) T (n) C 


24x14-in. rolls 2°@ 36-in. x13-ft. trommels, 1mm. holes 
BUI O MEATY OM NGS eee 


(+) (=) 
: t -in. ft, /s, 1-mm. hol 
30x8-in, rolls (p) 3 jen tables ; 7@ 36 in, x13-ft. trommels, 1-mm. Bitte de es 
Elevator ¢ ee) Overstrom tables 2@ 36-in. x13-ft. 


Trommel’ 12-mesh 
a el 


é w T (n) trommels,% -mm. holes 
+) ) ot 


6 Querstrom tables 
¢ 7@ 


Overstrom tables 
| os Oe ites | 
Cc iN T (nr) 


() 


V-box 
§ draining bins Spigot Overy 
Belt conveyor Wilfley tables Was 
ee ; 
Dryer (s) Cc T (n) 


Belt conveyor 
2-way splitter 


[sak tual Ge koa ee 
1 cone-type magnetic separator (u) 1 drum-type magnetic separator (u) 
, 3S =k 5 > Se a ee ee 


{ Magnetic (t} Non-magnetic Magnetic (t) Non-magnetic 


Roughing screen (v 
Stored = ——_—oughing screen (v)__ 
reas one eealnett [<7 __ 8 to 24 mesh 30 +70-mesh =80-+200-mesh 
: Screens (v) 
8-mesh 10-mesh 12-mesh 14-mesh 16-mesh 20-mesh 24-mesh 

W414. —___1 1 ______i____i 


( ; ey Sereéns (v) 

¢ i | atk SELLE Ge aeee el INGE AUD Gee Al Gas Sean ee | 

Mei fees 24-mesh 30-mesh 36-mesh 46-mesh 54-mesh 60-mesh 70-mesh 
Wilfley tables (aa 


Heaviest C(ab) Tig) mM 
Storage (w) 


Screens (v) 
Peers iy ee LURE ANSEL MESS SEAS. 
70-mesh 80-mesh 90-mesh 100-mesh 150-mesh 180-mesh 200- 


Separate bins 
Hooper air jig Separate bins 


Cree ee Ae ee P 
Heaviest C(x) M Ty) 6 Wilfley tables (ac) 
i \ 5 r 4 


Storage (w) Storage (< @ 


Magnetic separator 


SO 
Steam dryer (s) Non- -magnetic (ad) Magn 


Screens (ae) 
Bagging bin (ag) 


Magnetic separator 
Magnetic (af) Non-magnetic 


Fig. 67.—Manufacturer’s Corundum Co. 


4 250r.p.m. 6, 85 ft. long, 20 per cent. grade. 300 ft. per min. c, 20r.p.m.;sl 
lin. per ft. d, 18 X 6 X 6-in. buckets; 350 ft. per min. ¢, 20 r.p.m.; slope, 1 in. per 
rope drive. 6 ft. of 4-mm. screen, 4 ft. of 6-mm. screen, 11% ft. of 8-mm. screen. f, 2 
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_ 36-in. sieves with 6-mm. holes. 170 @ 1-in. strokes per min. Bedded with oversize 

corundum. g, 24 X 36-in. sieves with 8-mm. holes, 200 @ %-in. strokes per min. Bedded 

with coarse corundum. h, About 3 per cent. corundum. Jigs overloaded. i, 35 to~45 
per cent. corundum. /j, About 50 per cent. corundum. k, 6 ft. of 2-mm. screen, 5 ft. of 

_2'-mm. screen. Speed and slope as in note (e). J, 24 X 36-in. sieves. 4-mm. holes. 

- Bedded with coarse corundum. m, Feed is too coarse. n, 2 per cent. corundum. 
o, 40 X 14in. p, Set to crush to 12-mesh. g, 5 per cent. corundum. yr, 50 per cent. 

corundum. s, Two-deck, steam, 114-in. pipes under 4-mesh screen. Dry material drops 
through the screen and between the pipes onto a eonveyor belt. ¢, 4 to 5 per cent. corun- 
dum. u, Feed contains 12 to 15 per cent. magnetic iron. v, Steel-wire screen from 8- to 
80-mesh; silk cloth for finer sizes. w, Magnetite and pyrite. Stored outside for possible 
future treatment. x, 90 to 95 per cent. corundum. y, 4 to 6 per cent. corundum. 
z, Held until enough accumulates for re-treatment on the air jig. a@a, 215 @ 3{-in. strokes 
per min. Different sizes treated separately. a6, 88 to 90 per cent. corundum. ac, 250 
@ %-in. strokes per min. Different sizes treated separately. ad, Contains 1 to 2% 
per cent. combined iron. ae, Finishing screens to guard the preceding sizing. af, Coarse 
sizes, 7 per cent. corundum; fine, 3 per cent. ag, Sacked in 100-lb. bags. Three grades 
made for wheel-making; highest 90 to 95 per cent. pure. 


Manufacturers Corundum Co. Fig. 67. (Mem. 57, Canada Dept. of Mines, 
300.) 

Location: Craigmont, Ont., Canada. 

Ore: Corundum syenite. 

Capacity: 150 tons per 24 hr. 

Assays, per cent. corundum: Feed, 10 to 12; concentrate, 90 to 95 ; tailing, 5. 

Recovery: 58 per cent. 


Cost (1913) including mining, selling and all overhead was about $40 per ton shipped. 

_ Summary. Graded crusuine from 10- or 12-in. to 8-mm. by two steps in 
crushers and two steps in rolls. Preliminary CONCENTRATION by jigs and 
tables, following close sizing. Final concentration of very closely-sized fine 
products by pneumatic jigs, shaking tables and magnetic separators. Note 
that the extremely close sizing preceding this final concentration is on account 
‘of the sizing demanded in the finished product; it is certainly unjustifiable 
from a concentrating standpoint, 


17. Fluorspar 


Properties. Fluorite, CaF 2, is a cleavable, light-colored, transparent to translucent 
mineral; sp. GR., 3 to 3.2; HARDNESS, 4. It decrepitates when heated to about 1200° F. 

Uses. The principal consumption (80 to 85 per cent.) is as a flux in the basic open- 
hearth process of steel making. The balance is used in the ceramic industries, as a flux 
to increase fluidity of slags in copper blast furnaces, and in iron- and brass-melting furnaces; 
as a source of hydrofluoric acid and sodium fluoride; in making emery wheels and car- 
bon electrodes; and in the extraction of potash from feldspar and cement-mill flue dusts. 
A small amount is used for optical lenses (32 MI 247). 


Ores. Fluorspar occurs frequently as a gangue in lead-zinc ores, asso- 
ciated with calcite. It also occurs in veins in gneiss, slate, sandstone and 
limestone. 

Production in the United States has ranged from 138,000 tons in 1919, 
187,000 in 1920, and 35,000 in 1921 to 125,000 in 1924 (USGS); about 60 
per cent. comes from Illinois and 35 per cent. from Kentucky. Imports 
have ranged in the same time from 6000 tons to 42,000 tons, Great Britain 
supplying about half of the tonnage. 

Selling. The market grades are lump, gravel and ground. The general 
silica limit for lump and gravel is 6 per cent; for the ceramic industry, 3 to 5 per 
cent.; for hydrofluoric acid, 1 per cent. For metallurgical purposes the standard 
specifications set 85 per cent. minimum Caf, and 5 per cent. maximum silica. 
Lead and zine are objectionable in ceramic manufacture and calcium car- 
bonate in acid manufacture. Prices ranged from $25.50 per ton average 
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in 1919 to $19.60 in 1924 with a low of $17.80 in 1922. The quotations f.o.b 
Kentucky and Illinois mines (J, Feb. 6, 1926) were $17.50 per ton for grave 
not less than 85 per cent. CaF, nor more than 5 per cent. SiO2; $20 for lumy 
of the same purity; $32.50 for material ground to substantially 100-mesh, 
95 to 98 per cent. CaF: and not over 24% per cent. SiO». Ground acid stoel 
in bags, $40 to $45. 

Treatment varies according to the character of the ore. In the Kentucky 
ores the waste is principally clay and sand and concentration is done by 
log washers. In the Illinois field the two largest mines are vein deposits 
with galena and sphalerite in a gangue of fluorspar and calcite. 

Fairview Fluorspar and Lead Co. (Fig. 68) at Rosiview, Ill., is typical 
(EL ey 1 922%) 

Summary. Picking, graded crushing, sizing and classification followec 
by jigs and shaking tables. 

Crude ore (a) 
Wash trommel (6) 


+ %-in. c) 
Picking ‘belt (c) 
High-grade fluorspar (d) Residue Calcite (d) Zine ore (d) (e) 
daw crusher Fertilizer plant 


Rolis 
Trommels,/9-in.,Ys-in.,%46-in. openings 


Zy -in. ~Yy+-4-in. — Veto -in. | 
Harz Jigs Harz jigs 
f | ae ibs T sae ie 
Pb. conc. — Fluorspar Middling Tailing Pb.-cone. — Fluorspar Middling Tailing 
————— 
Rolls 


Harz jig Classifier 
Flatten Of Does tte, . RETAONER . peo? ot 
Pb. cone. Middling Spigot products Querflow 
Waste 
Rolls =— 


Shaking tables 
AE ir 
Middling Pb. cone. Fluorspar = Zinc mid. = T 


Lead bin (f) Zinc-ore bin 
Zinc mill (9) 


Fluorspar gravel 


a, Contains 10 to 30 per cent. waste. 6, Part blank plate, part 34-in. round-ho! 
plate. c, About 50 ft, long, 24 in. wide, 25 to 40 ft. per min. d, Picked. e, Finel 
disseminated. /, Concentrate, 75 to 80 per cent. Pb and 7 to 8 oz. Ag per ton, amountin 
to 1 to 2 per cent. of the crude ore hoisted. g, Flotation is probably the best method « 
treatment, although electrostatic concentration has been tried. 


Fic. 68.—Fairview Fluorspar and Lead Co. 


At the Rock Canpy mill, at Trail, B, C., the fluorite occurs in a silicious gangue an 
separation is made by crushing to about }4-in., sizing on 14-in., 8-mesh and 15-mesh screen 
heating the oversize products to about 1200° F. to cause decrepitation of the fluorite an 
then concentrating by re-screening. (Ladoo,) 
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ae 18. Garnet 


fies. Garnet is a generic term covering several species of tri-silicates, viz.- 
: , Caghle (5i0s)z; pyrope, MzzAly (Si04)z; almandite, FezAlp (Si0,s)z; spessartite, 
Aly (BiO”3, all known as aluminum garnets; iron garnet, andradite, CazgFe, (BiO.s)z; 
ad chrome garnet, uvarovite, CazCrz (SiO,)z All species have similar physical properties 
nd crystal form. Lustre is vitreous; sr. cu., 3.510 4.3; pexzuvsnisity, see Sec. 13, Table 
_ The important propertica from an economic standpoint are the HanpNEsS, varying 
rom 6 to 7.5 im the different varicties, and TroccuNvss. 

Uses. Garnet has been used as « gem for 2 long time, but production for this purpose 
g smnall and relatively unimportant. A snail amount of foreign garnet is used for watch 
2 ds. The principal use is a6 an abrasive, both in loose form and mounted on paper 
md on cloth backing. 


"Ores. The most important garnet is almandite, which has a sp. gr. 
rom 3.9 to 4.2, and hardness from 7 to 7.5. The color varies from red to black. 
Phe usual occurrence is in granitic and metamorphic rocks, such as schists, 
es and crystalline limestones, associated with quartz, micas, feldspars, 
gyroxenes and hornblendes. Corundum, rutile, magnetite, pyrite, pyrrho- 
te and chalcopyrite are also common accessory minerals. For economical 
7s the ore should ordinarily contain upwerds of 6 per cent. garnet; 
e ores contain as high as 60 per cent., but 10 to 15 per cent. is the usual 
es ximum. While garnet deposits are i in all parts of the world, 
yet with the above limitations, and the further requirement as to auntable 
hardness and toughness for abrasive service, the number of deposits of suffi- 
c richness and so located as to repay exploitation are relatively few. This 
wt, coupled with the difficulty of concentration and the wintktely sroall 
demand for the finished product has resulted in a virtual monopoly of the 
domestic industry in the hands of 2 few companies. 
_ Production of abrasive garnet in the United States was 5000 tons in 1919, 
2000 in 1921, 990) in 1923, and 8000 in 1924. (USGS.) About half of this 
comes from the Norru River Garner Co. and about 1000 tons from the 
ARTON Mines Corp. Canada is the most important foreign producer 
(1250 tons in 1924). Small amounts come from Japan, Spain and India 
(33 MI 6). 
Selling. Unsized garnet concentrate (—2-in., assaying about 90 per cent. 
garnet) is shipped in 100-lb. sacks to the abrasive manufacturers who crush 
and grade it closely into 12 to 16 sizes, as per Table 50. 
_ Paices of domestic grades since 1920 have ranged from $75 to $85 per 
ton of unsized concentrate. Canadian is quoted $5 to $15 per ton cheaper 
4.0.b. mines and Spanish $20 to $25 cheaper, c.i.f. port of entry. 
Treatment. The large mills treat the Grude ore by close sizing and classi- 
cation followed by jigging and tabling, and at the plant of the Norru River 
JARNET Co. (Fig, 69) the fine concentrate is re-cleaned on pneumatic Jigs. 
Some small plants use pneumatic concentration throughout (Fig. 70). Elec- 
brostatic and magnetic concentration have both been tried, but have not been 
successful, 


North River Garnet Co. Fig. 69. (118 J 423.) 


Location: Near North Creek, N. Y. 
Ore: Almandite in gneiss composed principally of hornblende and feldspar. The 
garnet crystals range in size from about 4-in. diameter downward, but average about 0.5-in. 
Capacity: 400 to AW tons per 20 br. 
Ratio of concentration about 25:1. 
_ Concentrate assay about 90 per cent. garnet. 
Labor: 25 to 30 tons per man-shift, operating. 


7 
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Table 50. Comparative sizes of abrasive grains (a). (After Ladoo, U.S.B.M., Ser. 2847) 
[Figures in columns represent grit numbers commonly used] 


Emery | Silicon 

Silicon | and arti-| carbide 

Stana- | Stand- | wint | Garnet | carbide | ficial | and arti- 
ard eid paper paper | and arti-| corun- 
see | genie | Se | ok | om | Sa 
, mesh (inches) clo clo ses aud 
clo 


ees SOO 


30 —|—. 0198 — 


20 —|—. 0340 — 


a In this table the size of grain as related to screen mesh is indicated by the position o 
the dots between the horizontal lines. Thus, No. 244 garnet is about 38 mesh. 


Summary. Closely-graded crushing to 0.25-in. followed by rough jiggins 
of unzised feed with rejection of tailing and step re-treatment of middling o1 
other water jigs and pneumatic jigs after close sizing. 

The mill is an old one and has developed slowly, under great difficulty 


in an isolated district, which facts go to explain the crude and inefficien 
handling methods and high labor requirement. 
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1 @ 24x36-in. Jaw crusher, set 8-in. (a) 
30-ton bin 
1 @ 18x24-in. jaw crusher, set 3.5- to 4-in. 
7 @ 20-in. inclined belt conveyor 

7 shaking screen, 0. 25-and 0.75-in. apertures 

+0,75-in. -0.75+ 0.25-in, ~-0.25-in, 
1@ 10x20-in, Jaw crusher 

1 shaking screen, 0.25-in. aperture 


® 


1 shaking screen, 0.31-in, aperture 
-) 
} @' Bae1 2-mn, flanged rolls (c) : 
Bucket elevator 


7 shaking screen, 0.25-in. aperture 
G) ! =) 
1 @ 24x12-in. rolls (c) 
1 shaking screen, 0.25-in. aperture 


(= 


Bucket eievator 
1 @ 36x16-in, rolls (b) 


(4 
1 @ 24x12-in. rolls (c) 
1 belt conveyor 
1 bucket elevator 


1 @ 200-ton bin 
2@ 2-sieve Harz jig (d) 1 @ 2-sieve Harz jig (d) 1 @ 2-sieve Harz jig (d) 
Shimmings H, H, I 8Skimmings Ay» I Skimmings Hi,2 if 
: 7@ lcceve Hooper 
2 @ 24x836-in. James jigs (e) 1 dewatering cone 1 dewatering cone vanning jig (f) 
ie G H Overflow Spigot Overflow Spigot rT Skimmings H 


1 @ 24x36-in. James jig (e) 1 @ 24x36-in. James jig (€ 
a 
Higa 7 H 


2 @ 2-sieve Hooper vanning jigs (g) y bucket eae 
Shimmings H 1 @ 24x36-in. James jig 


Elevator 
1 bucket elevator 
1 @3-deck Hummer screen, 344-5- and 10-mesh 


-10-mesh <5 + 70-mesh -3h+5 -mesh +3%-mesh 
2 @ 24x36-in. dames Jigs in series (9) ; oan dames Jig 4 ) 1 @ 12k12-in. rolls 
Bl 1G [ie 


M 
1 bucket elevator 


2 @ 2-sieve Hooper vanning Jigs (h) 7 @ 2-sieve Hooper vanning Jig (h) 
ee 
C re He ie! @ AE 


Dewaterer 3 @ 2-sieve Huoper vanning jigs Q) 
ee 
Water Solid és oe 
Shoveled 3 @ 2-sieve Hooper vanning jigs (j) 
7 bucket elevator H 


| = 
Steam dryer () oi Wilfley’ table (k 
7 bucket elevator M 
1@ 2x8-ft. hexagonal trommel, 40-mesh 


I 


~ 
Kos 


Phony pneumatic jig 1@ eft hexagonal trommel, 52- and 68-mesh screens 

c M Tr +52-mesh -52 +68-mesh , ~68-mesh 
eu 1 Hooper pneumatic jig 7 Hooper pneumatic jig if 
C Rane M hae 


All L 
Collected by hand 
7 bucket elevator 

I 
1 steam dryer (m) 


\ 5 ae Die 
70-ton concentrate shipping bin 


Jute bags (n) 
Motor duc (0) 
RR cars 


Fic. 69.—North River Garnet Co. 


a, Hand-fed. b, Life of chrome-steel shells about 15 mo.  ¢, Life of chrome-steel 
shells, 6 to 8 mo. d, 24 X 36-in. sieves, 0.25-in. and 0.19-in. screen on first and second 


a 
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i compartments, respectively. 200 @ 2-in. strokes per min, Jigs hand-skimmed at about 

; j-hr. intervals. e, 6-mesh screen, 225 @ %%- to %-in. strokes per min. f, 6-mesh screen. 

; g, 12-mesh screen. h, 16-mesh screen. i, 22-mesh screen. Jj, 30-mesh screen. k, 250 

{ @ 114-in. strokes per min. J, Grid of 10 @ 10-ft. lengths of steam pipe inclined 50°, over 
which material flows. m, 7 ft. (wide) X 30 ft., inclined slightly more than angle of repose 
of sand. Bottom is 2 sets of 10 steam pipes. n, 130 to 135 lb. gross. Returned by con- 
signee. 0, 10 miles to North Creek, 


Wausau Abrasive Co. Fig. 70. (256 Bul. USBM 23.) 


Location: North Wilmot, N. Y. 

Capacity: 50 tons of concentrate per week when running one 10-hr. shift per day. 

Ore: Almandite crystals 14- to 3%-in. diameter constituting 40 to 60 per cent. of the rock. 
Feldspar and biotite the principal associates. 


Summary. Graded crushing in jaw crushers and rolls; close sizing fol- 
| lowed by pneumatic concentration. Fines (—48-mesh) wasted. 


y Quarty 1 Newaygo sereen 
} Hand tram cars 
i Bin +1.4-mm. —1.4+0.75-mm, —0.75-mm. 
1@10x6-in. faw crusher, set 1%-in. Bin Bin _1_Newaygo screen, 24-mesh opening 
1 iti aa kao 
; Bin 0.75 +0.36-mm. ( 


Aerial tram, 1200-ft. 


ar ; 
1@ Bx 15-in. rolls,?-in. oe 7 Newaygo screen, 48-mesh aperture 


ij Elevator a nD aR ) 
| Alternatives Bin We 
| Screw conveyor Direet-heat dryer (a) DB runie ternatels 
} 1 "Newaygo screen, 4-mesh aperture (b) 2 dry-concentrating tables (d) 
LS 
; Oversize ¢) Middling Garnet cone. Tailing 
‘ 5 ——<— 
Rolls set. for -2-mm. product Bagging spouts 


100-16. Canvas sacks 


a Coal fired. 6, —2-mm. undersize. d, Sutton, Steele and Steele. 


Fie. 70.—Wausau Abrasive Co. 


: 
| 19. Gold and Silver 
. GOLD, Au 
i Properties. Metal; yellow, lustrous, soft, extremely malleable and ductile. See also 


Table 1. Av. wer., 197.2. Unchanged by air, water, dilute and concentrated acids at 
h any temperature. Dissolves in the presence of free chlorine and of the soluble cyanides. 
' Easily precipitated from its solutions by reducing agents. Uni- and tri-valent, both base- 
and acid-forming. AL.oys freely with many metals, notably silver, copper, mercury and 
platinum. 

Uses. The principal use is for comnagn, for which purpose an alloy with copper is used. 
The composition of the standard coinage alloy in most countries is 900 parts gold and 100 
) parts copper (900 fine); Great Britain and Portugal, with standards 916.6 fine, are the 
| principal exceptions. JmwrLRy is commonly manufactured from gold-copper alloys. 
The fineness of jewelry gold is expressed in carats. Pure gold, 1000 fine, is 24 carat. With 
this basic relation any other fineness or carat rating can be computed by simple proportion. 
Gold-silver alloys are used to some extent in jewelry manufacture, having a paler color 
than the usual alloys. An alloy of 750 parts gold and 250 parts iron is sometimes used 
by jewelers to make BLUE GoLD. A small amount of gold as tmar is used for gilding and 
gold lettering. Ruby-gold glass is a solid solution of colloidal gold in glass. Potassium 
aurocyanide is used in gold-plating by electrolysis. Certain gold salts are used in pho- 
tography. 


Ores. The economic minerals are native gold, calaverite and sylvanite. 
The principal ores are those containing native gold mechanically mixed with 
pyrite, less frequently with chalcopyrite, arsenopyrite, stibnite, sphalerite 
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and pyrrhotite, or with the oxidation products of these minerals or in the 


zones from which they have been leached. Native gold also occurs mechanic- 
ally mixed with loose, water-sorted material (pLaceRS). The metallic gold is 
almost invariably alloyed with more or less silver. The tellurides (sylvanite 
and calaverite) ordinarily occur associated with pyrite and with one or more 


of the other sulphides named above. Gold ores occur usually in fissure 


veins in sedimentary, igneous or metamorphic rocks or at contacts between 
any two of them. Hence the associated gangue minerals may be anything. 
The commonest gangue mineral is, undoubtedly, quartz. 

Production. Gold in greater or less quantities is produced in more than 
40 countries. World production for the years 1921 to 1924, inclusive (USGS) 
has ranged between 15,500,000 and 18,500,000 fine ounces per year. Of this 
more than one-half has come from the Transvaal, about 25 per cent. from 
North America, and about 15 per cent. of the total from the United States. 
California and Colorado account for about 50 per cent. of the domesti¢ pro- 
duction. 

Selling. Gold bullion containing less than 800 thousandths of base 
metal can be sold to United States assay offices in New York; Helena, Mont.; 
Seattle, Wash.; Deadwood, S. D., and Salt Lake City, Utah, and bullion 
of all degrees of fineness is bought by smelters. The amount paid by the 
government assay offices is the value of the fine gold at $20.67 per troy ounce 
less a charge to cover melting, parting, refining, etc. For a copy of the 
schedule and discussion of the sale of foreign gold see Spurr and Wormser. 


SILVER, Ag 


Properties. Metal; white, lustrous, soft, ductile. (See also Table 1.) Avr. Wear., 
107.88. Not attacked by air or water but becomes coated with a dark film of sulphide in 
air containing sulphuretted hydrogen. Not attacked by dilute acids, except nitric acid. 
Dissolves in hot concentrated sulphuric acid. Attacked slowly by hot concentrated hydro- 
chloric acid, but a protecting layer of insoluble silver chloride quickly forms. Very resistant 
to basic substances even when these are in a fused state. Ion always basic, mono-valent. 
Alloys freely with most metals. 

Uses. The principal use is as a component of an alloy for coins, jewelry and tableware. 
The chief alloys are those with aluminum, copper, zine, nickel, and combinations of the 
same. Salts of silver are used to some extent in medicine and to a great extent in pho- 
tography. 

Ores. The economic minerals are metallic silver, argentite, argentiferous 
galena, cerargyrite, prousite, pyrargyrite, stephanite, tetrahedrite, polybasite. 
The most important ores are the silver-bearing lead ores in which the heavy 
mineral is principally argentiferous galena, usually associated with pyrite, 
sphalerite and rich silver-bearing minerals. The usual gangue minerals are 


_ quartz, calcite, barite and chert. The copper ores of Colorado, Utah, Mon- 


tana and Arizona produce considerable silver. Silver is also usually associated 
with gold fh both quartz-vein and placer types of deposit. Native silver and 
sulphides in quartz associated with a complex mixture of sulphides, arsenides, 
antimonides, etc., are important at Cobalt, Ont. 

Production. World production is a fairly constant quantity, ranging, since 
1893, between 5,000,000 and 7,900,000 kilograms (161,000,000 and 254,000,000 
troy ounces) and averaging 5,900,000 kg. (190,000,000 oz.). Of this total, 
America produces 85 to 88 per cent.; Mexico, 37 to 39 per cent., and the 
United States, 25 to 30 per cent. The principal producing states, in order 
(1924), are, Utah, Montana, Nevada, Idaho, Arizona, California and Colorado. 

Selling. Except in the case of the relatively small amounts of silver in 


gold bullion, most silver is sold by the mine in the form of a base-metal con- 
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trate and hence goes to the smelter. The net price paid by the smelter varies 
according to the particular contract, but usually 95 per cent. of the silver 
content of the concentrate is paid for at the New York price for bar silver at 
some particular time with respect to the date of delivery of the concentrate. 
The average price of silver varies considerably, as shown by Table 51. Much 


Table 51. Average annual price of silver at New York (cents per troy ounce) (a) 


1910 53.49 1918 96ET7 
1911 53.30 1919 111.11 - 
1912 60.83 1920 100.90 
1913 = HOOD. 1921 62.65 
1914 54.81 1922 67 .52 
_ 1915 49.68 1923 64.87 
1916 65.66 1924 66.78 
1917 81.42 1925b 69.08 


a Eng. and Min. Jour.-Press. 6 First 11 months. 


of the apparent stability since 1920 has been due to large United States 
government purchases. 


TREATMENT 


The ores of gold and silver constitute an endless variety, but, from the 
point of view of milling they may be roughly classed as (1) placer deposits, 
(2) simple free-millmg vein deposits, (3) simple sulphide ores, (4) complex 
or refractory ores in which the precious metals are the principal economic 
constituent, (5) complex ores in which the precious metals are important 
secondary economic constituents, (6) ores in which the precious metals are 
by-products of treatment. 

Gold placers. Methods of treatment differ principally because of mining 
problems, the requirements of tailing disposal, and the water supply rather 
than because of the concentrating problem. 

Panning and rocking. Very small high-grade placers where water is scarce are worked 
by panning or rocking (Sec. 8, Arts. 8 and 9). 

Shoveling-in. When the deposits are larger, low-lying and not cemented, and more 
water is available, the long tom or a simple sluice line is used (Sec. 8, Art. 11). With more 


water, 2 HYDRAULIC ELEVATOR may be used for this type of deposit, or various mechanical 
means may be used to elevate the feed to the sluice line. 


Hydraulic mining. When the deposits are large, lie well above the point 
of tailing disposal, and there is an abundance of water available under suf- 
ficient pressure, the gravel is broken down by hydraulic giants, transported 
to the concentrating plant by the water used for excavation, and flowed 
through sluices, usually fitted with undercurrents (Sec. 8, Art. 11) to catch 
the fine gold that cannot be held in the main sluice line on accotint of the 
strong current necessary to move the coarse gravel. 

Camp Carson Mining and Power Co. Fig. 71. (100 J 472.) 

Location: Union County, Ore. 

ee Aes poem Byes Na ea as 8 to 9 cents per cu. yd. can be treated 

Dredges are used when the deposit is low-lying, of large lateral extent 
and not too great depth. The flow-sheet of the gold-saving devices depends 
on the character of the gravel and the requirements of tailing disposal. 

Sluice dredge (lig. 72) is best adapted for saving coarse gold and can be 
used when the percentage of large boulders is not too great. In a typica 
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Feed 
Block-riffled sluice (a) 


Grizzlies, 0.25-in. opening (b) 
4) jC) 


Tailing flume Underclirrent 
Dump 


78 quicksilver trays 


Reject Amalgam 
9 @ 2.5x8-ft. \Gold tables (c) 


T 
1 
Screen, &1-in, opening 


1 ae 
Pipe classifiers ' 


Spigot Overflow 
Magnetic separator Waste 


Clean-up box 


Non-magnetic Magnetic material Amalgam Waste 
Waste Retort 
Gold Quicksilver 


a, The coarser gold is recovered in two lengths. (See Sec. 8, Art. 11.) b, In bottom 
of sluice. Made of round bars, about 34-in. diameter, mounted in comb fashion and set 
in sluice with free ends downstream and overlapping the following grizzly. 8 sets used = 
about 16 ft. along bottom. c, Slope, 2 in. per ft. 


Fic. 71.—Camp Carson Mining and Power Co. 


sluice dredge the gravel passes first over a wash trommel with 3- to 4-in. open- 
ings, oversize discharges over the side of the boat into the pond, and undersize 
goes through a string of sluices, usually with an undercurrent and gold tables 
for the fine material. Fine tailing is discharged on top cf the coarse from 
previous working. 


Upper flume 
Upper section, Lower section, 
wis flume lower flume 


SNS 


Sf ee 
Ta | aes 


Front bank L 
LT TANT e Gre Ty” 2 Tables \ Grizzly plate 
Flevation Pontoon Undercurrent, | 
es About 44' from water surface Upper section, SHOP by 13 
" lower flume Perforated 
Ss ell grizzly 14”Pump Flume gh LINGO cL TOAD 
ce plate 
Bank 
ne 
Tailing.« 
gel Lower section, 
lower flume 
2. ae 135'by 66" 
Flume scow 
28'-10"x62'Upper flume Plan Sede 


for tables 


Fig. 72.—Sluice dredge. 


Stacker dredge (Fig. 73) receives the bucket-line discharge in a large 
wash trommel with 14- to 34-in. apertures; the oversize is discharged onto a 
stacking conveyor while the undersize goes first to a series of tables in parallel, 
thence through short sluices, frequently a number in parallel, to the pond. 
The stacker dredge is a better saver of fine gold than the sluice dredge, on 
ascount of the smaller depth and smaller velocity of the streams passing over 
the riffles, but it loses very coarse gold that will not pass the wash-trommel 
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perforations and also fine gold that balls up with clay and goes to the stacker. 
It also has the disadvantage that the coarse tailing is stacked on top of the 
fine, which ruins the land for any agricultural use. 


Step trommel of manganese-steel, 

6'to 4-3"in diameter, 35'5"long. 

with perforations 14% %4"and 3%”. 

Drives from upper end. Sand-pump isa ree 
motor housing 


Stacker-bi 


Stacker, 90 fe 
between pulle 
centers, 34-in 
Satie Sea Sate ¥ rubber belt 


———w 


pe nr 
. (ie a. Hi 
PLUM baat 


_ 36-inch rubber Swing Sand 
~ belt, bucket drive fotor Pump 


Elevation 


oc eae eee ee Oe See eee : °F 4.foot sluice 
1% per cent. 


} 
i 
fi 
} = 
i uy 
SS8 SS $e 
| $5 aS $s square feet 
Plan 
i Fiag. 73.—Stacker dredge. 
£ 
| Details of the gold-saving devices on four Montana sluices are given in 
i Table 52. For further detail see Bul. 121 and 127 USBM and Bul. 26¢ 
4 USGS. 
. ' Clayey gravel requires thorough disintegration. 
} Siberian gravel mine. Vig. 74. (105 J 859.) 


Ore: Clayey gravel containing free gold. 
Capacity: 250 cu. yd. per 24 hr. 
Water: 250 miner’s inches (= @ 6 sec. ft.). This is a washing duty of 1 cu. yd. pel 
24 hr. per miney’s inch. Hutchins calls attention to the fact that the corresponding figure 
{ for gold dredging is frequently 10 cu. yd.; for hydraulicking, 5 cu. yd.; for cemented grave 
i in California drift mines, 6 to 12 cu, yd.; and that even in hydraulic elevating the duty i 
greater than 1. cu. yd. 
Recovery: About 67 per cent. Much of the loss was in clay balls from the first disinte: 
grator. : 


Simple free-milling ores comprise the great bulk of the gold ores nov 
mined. Substantially all of them are treated by amalgamation and/o 
eyanidation, (See Sec. 15.) 
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_ Table 52. Gold-saving devices on Montana dredges. (After Jennings, Bul. 12f, 
USBM 12) 
Sluice dredge Stacker dredge 
No. 3 No. 1 No. 2 No. 4 
saver die: Zap Sey coe ere ae Elec. Elec. Elec. Elec. 
Reh Der MOm ccs os so Ee 82,000 96,000 63,000 300,000 
Wash trommel: 
BEBPCNEUD UE Sees ee | LS 35 35 4814 
Be igmn., in... es wen: Dal 3) UL) 61 51 to 72a 51 to 72a 98 
Pintessmaterialy...5 205.50 % se: Mn Mn Mn Mn 
Plates, thickness, in........... % 5% 56 1 
WAabeS, ADETLULe, ANS oe... 414x6 4-—% 144—% 4-34 
/Gold tables, number............ 10 20 20 24 
PeGrade, per Cente. i snoop. - eee 12 12% 12% 12% 
Wadth, in. “eneth- ft 75s 30X 12 30x 18 30 18 30X 11t02934 
Rifiles, angle, Ms... 06... bs 14% 14% 1% 14 
Perforated plate.............4 Sem MADE!) yrheda ee He DPE RS OD NONE) REO SAI 
MwWater, gal. per min.........0... 12,500 6700 6700 12,000 
Tail sluices, number............. None p 2 12 
KGuade per eent.t. <bocks Wevmyemes f | Posie cle sues 12% 12% 12% 
Width, in.Xlength, ft.........| ....0.eeee 48x 40 48X40 |48X17 to 44 
UPAR LOCUS EANIOR FI is lon ener) fT ORS mae OT Dace ae 1% 14% 14 
Undercurrents, number.......... 2 None None 12 
Grade, DET CONG. acs cc6 ss <5 slss s dh A Fame Cale Taran as walle se asa a 12144 
Width, in. length, ft......... 13 54 POT Par Re PERN 34X71 
Breties- TAALETIA! . 8 ow wee echoes WY O00 ee een caso hore ia tcaps cals Angle 
POR ZOMMETIA MG, Bac sche Sor Gane ee soe US ii led i Sa SN SEE RS Exe lee tic 14% 
Perforated plates, slots, in....... SAAS RD wp PRR ake 2a 3 BS al ae ee eA yb 
Well save-all,(c) number.......-. 1 1 1 1 
RemAMe) ET CONG: «josie siieusia «ace 8 8 8 8 
Wadthein’< length, ft2'." 7 get 18X 26 18 714 18K 714 18K 184% 
Upper flume, grade, per cent... .. 6 None None None 
Ruthlessmateniall sc) srepaexo saya s Angles None None None 
‘STEEN aN PRS ee eee 2x2 None None None 
Width, in. length, ft......... 62x 29 None None None 
Lower flume, grade, per cent... .. 6 None None None 
Raties;smaterial jot is pa: caqys aed Angles None None None 
BRAGS ABIZO NM UDs kee tler ai se yex 2x 24% None None None 
Nvacdth, i. length, ft..... <<. 66X 135 None None None 
Total gold-saving area, sq. ft..... 1264 1231 1231 3000 
Sq. ft. per cu. yd. per day..... 0.46 0.38 0.59 0.30 
Recovery, per cent. of total: (d).. 
NTO OTO a Retes waie BOD aie calla ae oes Rvs 4 soe lccehaseins tb Luk CS $a [MaSiebche sweats 
Lower flume, 1st section....... JO, Slaw Mell ptt eat AT else in cs! Stas 5 
Second section. ............ Pyles RUD SRC eN AeRSET AlN cars shure spd pela Ries oer : 
Below undercurrent..... OBS. bail Sie obama ciel eles Stab se 3. <1 | Re oes 
Wadereurrent Sn. eT, LS het vepsnagete BAe melncp spat aM 0.55 
GLU ho Laer Re eS 5.05 4.22 2.83 2.59 
JSD ES - REGIE Sate Beh neue ot eRe 2.93 92.76 93.34 87 .92 
MPANUSTUICES te, eats steals es 0.28 3.02 3.83 8.94 
Miscellancousie!... 2020. 0S. ORS So eases canter ee cher lh. oxcaree hs coe TEM RSOA RE ae 


a Stepped, cylindrical. 
the head of the digging ladder. 
impossibility of sampling feed. 


b Round hole. 


Simple sulphide gold-silver ores 


c A gold-saving table to treat the spill around 
d Actual recovery not ascertainable on account of practical 


These ores contain gold and small amounts of silver intimately associated 
with sulphides in a simple rocky gangue. 
concentration of the gold-bearing sulphides into small bulk, followed by 
smelting or hydro-metallurgical treatment of the concentrate, If the tailing 


The usual method of treatment is 
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7 to 9-cu. ft. cars or carts from mine 
Grizzly, 10-in. sq. E 
& aie @) 
1 @ 2x30-ft. sluice with false bottom, 0.75-in. opening (a) a 
A eongly > F 
Disintegrator, 1-jn. holes (6 1 @ 10:30-ft. gold tables (¢ 
Oversize Undersize f 
Waste ou Disintegrator, 0 5-in. holes (a) 
‘a p 
Oversize ~ Undersize a 
vis 1 @ 10x30-ft. Gold tables (e) 
Dump Cc r 
Disintegrator, 0.25-in. holes (f) 
ise) 
1 @ 10x30-Ft._ gold tables (g) 
T ce 


After being cleaned up in the 
various tab/es and siuices (i) 


Tail Sluice (A) 


Rocker or ¢ { 
Sump 
Gold. Waste = 
——s.. — 


a, Slope, 18 in. in 12 ft. 6, Locally called chasha. Shallow pan, 10 to 12 ft. diamete 
cast-iron bottom with perforations. 4 to S radial arms on a central spindle. Iron-sho 
projections from the arms rake over the material. Undersize works through the bottol 
perforations and oversize is discharged intermittently by a bottom door. 15 to 20 rp. 
c, Slope, 27 in. in 12 ft. Occasional rifles only. d, Similar to first except that oversis 
is discharged over periphery by revolution of scrapers. 24 to 32 r.p.m. e, Slope, 24 inv i 
12 ft. Occasional rifles only. ¥#, 15 to 20 rpm. g, Slope, 1Sin. in 12 ft. A, 4 ft, wid 
Slope, lfin.in 12 ft. # See See. 8, Art. 11. 


Fig. 74.—Siberian gravel mine. 


is of sufficiently high grade, it is eyvanided separately. Ataska GasTINEAU | 
typical of the first and the Mother Lode mills, California, making a gravit 
concentrate on tables and vanners, with grinding, amalgamation and eyani¢ 
treatment of concentrate and cyanidation of tailing are typical of the secon 
method of treatment. 


Alaska-Gastineau Mining Co. Fig. 75. (Q, 63 A 488.) 


Lecation: Thane, Alaska. 

Ore: Gold and silver associated with pyrrhotite, galena, arsenieal pyrite and sphaleci 
in quartz lenses occurring in slate, schist and meta-gabbro, which latter also carry miner 
values... Analysis, per cent: SiQs, 59.7; Fe, 5.2; AlyOs, 21.4; CaO, 5.0; MgO, 04: > & 
Pb, 0.1; Zn, 0.2. 

Capacity: 10,000 tons per 24 hr. 

Assays, Au: Feed, $1.25; concentrate, containing about 44 per cent. of the tot 
gold recovered, $400 (lead bullion contains balance of gold reeovered): tailing, $0.2 
(1920, $0.17) 

Recovery: 75 to SO per cent. 

Ratio of concentration: 1000 or 1200 : 1. 

Power: 13.3 hp.-hr. per ton milled distributed as follows: Coarse crushing, 0.52; fi 
crushing, 6.02; concentrating, 4.78; retreatment plant, 0.47; pumping, 1.17; lighting, 0.3 
motor generator, 0.03. 

Water: 5.2 tons per ton milled. 

Labor: 78.9 tons per man-shift, operating. 

Distances: Mine to mill, 314 miles; mill to smelter, 2000 miles: water, a part comes 
mile by flume, the balance is pumped 1000 ft. with a consumption of 700 hp.; power 
transmitted 8 miles at 22,000 volts. : 

Costs in 1917, before the period of full tonnage, but also before the war increase 
labor and supply prices were, in dollars per ton: Coarse crushing, 0.02804: fine crushiz 
0.09432; concentrating, 0.05136; general mill, 0.02778; power and light, 0.01467; gene 
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overhead, 0.02340; total, 0.23957. Of this total cost labor was 40.6 per cent.: supplies, 
including power, 22.8 per cent.; repairs, 15.8 per cent.; sundries, 20.8 per cent. In 1920 
the total milling cost was $0.28 per ton. 

General: Steeply sloping millsite. Sizing-assay tests of feed to primary Garfield tables 
(concentrating-mill feed), re-treatment-plant tailing and general tailing are given in Table 53. 


Table 53. Sizing-assay tests, Alaska Gastineau mill 


Concentrating-mill feed |Re-treatment-plant tailing General tailing 
Screen, 

Tyler Weight,|} Assay, | Value, |Weight,| Assay, | Value, |Weight,| Assay, | Value, 

mesh per $Au per per $Au per per $Au per 

| cent. | perton] cent. cent. per ton cent. cent. ;perton| cent. 
10 275 0.83 DORI, Se be einer leotentalhs fa) asl debe. alll, Meteo Be 
20 Dilaate 1.24 AY Oye he 5 18 call aamenanaee tlhe ane ee 1.5 0. 1S 1.2 
28 21.0 1.45 LS ed fused he saitl axa A, OR ws 9.1 0.15 vie 
48 we 3.10 secadiometl breirmiga-Aas% \ts-icncTRRREAN Re. =, 4 10.4 0.21 sig ge) 
65 5.6 one T5710 27 0.41 1.3 12.6 0.26 17.4 
80 one 1.24 2.8 1.4 0.52 0.9 8.1 0.26 qo Ry 
100 3.7 1.86 4.9 9.6 0.62 6.9 8.9 0.26 12..2 
150 5.9 0.83 Sno. 32.9 Oey e4 27.6 7.9 0.26 6.3 
200 Le 103 13 4.4 0.93 4.7 7.2 0.15 5.7 
— 200 23.0 0.72 11.9 49.0 1.03 58.6 34.3 0.15 P40 (m2) 
Total 100.0 1.39 | 100.0 | 100.0 0.86 | 100.0 | 100.0 0.19 | 100.0 


Summary. Table concentration by roughing-cleaning system. CrusHING: 
Jaw crusher from 30-in. to 5-in.; gyratory from 10-in. to 2.5-in.; 2-stage roll 
crushing from 2.5- to 1-in.; one-stage choke crushing in rolls from 1-in. to 
0.10-in.; tube mills from 0.1- to 0.04-in. Concrnrration: Roughing on 
primary Garfield tables with re-treatment of rough concentrate on Wilfley 
tables and re-grinding of coarse tailing followed by a similar roughing-cleaning 
step with rejection of tailing from both roughing and cleaning tables. Con- 
eentrate from the above operations was re-treated in two stages. The first 
stage was a roughing-cléeaning operation on Wilfley tables making finished 
concentrate and tailing, the coarse part of which was re-ground, classified, 
and the spigot products re-treated in one pass over Wilfley tables that made 
finished concentrate and tailing and a middling returned to the re-grinding 
mill. It is an interesting feature of this flow-sheet that the slime is low-grade 
and that, consequently, the hydraulic classifiers are used as concentrators 
in so far as they reject overflow to the tail race. 


This mill ceased operations early in 1921 after a life of some six years, during the last 
three of which operations were conducted at a loss. The causes of failure were incorrect 
sampling of the ore body as a result of which it was estimated that the grade of the feed 
would be between $1.50 and $1.75 while actual mining produced ore running nearer $1.25 
per ton; failure to foresee that considerable waste would have to be mined with the ore, 
resulting in further reduction in grade of mill feed; and increases in labor and supply prices. 
Vhe latter difficulty was nearly altogether overcome, in so far as the mill was concerned, 
as is evidenced by the fact that in 1920 the cosr of milling was only $0.04 per ton higher than 
in 1917, but the 1920 mill heads carried only $0.85 gold, and while the yield was $0.68 per 
ton (80 per cent. recovery) this was insufficient to cover mining and milling costs. 


Notwithstanding the failure of the enterprise, this mill was eminently 
well fitted to the treatment of a low-grade ore containing relatively coarse 
gold intimately associated with sulphides. The use of automatic skips for 
slevating in the roll circuits was unique in concentrating-mill practice, although 


they have been used in other lines. 
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10-ton cars from mine tunnel 
Bevolving tipple (a) 
45°apron (0) 
Grizzly, 10-in. spacing (c) 


10 @ 2-deck Garfield tables (r) . 
Rough cone. (ae) 
10 Wilfley tables (s) 


) 
(+) 
tne 4 @ 42-11 “ feeders ’ To 
2 air-operated arc gates -in. .apron feeders ba, ic eae 
2@ 36xé2-in a crushers, set 5-in. (¢) 4 @ 3x1 4-ft. stationary-inclined 10 @ 4-spigot Richards-Janney classifiers (t) 
2 @ 2x14-ft. stationary-inclined soreens, 2S-tmopening (d) Spigots 1,2 (u) Spigois 3,4 (ah) Overfil 
serer 2.5-in. opening (d) G5) o 5 shovel wheels All gl 
G ¢ Sand (w) = 


“4 @No. 8K Gates gyratory crushers, set 2.5-in.(f) 


6600-tom mill bin (g) 

8 @ 36x36-in. rotary feeders (h) 

1 @ 42-in. belt conveyor (i) 
4 @ $6x54-in. impact screens, 
1.25-in. square opening (j) 

) S) 
7 @ 36x36-in. rotary feeder (h) 
1 @ 42-in. belt conveyor 

with tripper (k) 


5 @ 7x10-ft. tube mills (x) 


5@ 2-way distributors 
10 @ 2-deck Garfield tables (r) 


Rough cone. (ak) 7 (a) 


70 Wilfley tables (s)* 


1250-ton bin» 
3 @ 36x36-in. rotary feeders(q) 
1 @ 36-in. belt conveyor. 
1 @72x20-in. rolls, set 1.25-in. (1) 
Hopper 
1 @ 5-ton automatic skip hoist (m) 
6 @ 33% x54-in. impact screens, 
7.25-in. square opening ()j) 
) ¢ 
1250-ton bin 
3 @86-in. rotary Feeders (q) 
1 @ 36-in. belt couveyor (k) 


(al) 


1 Wilfley tables From two sections 


1 @ 12-in. bucket elevator 
1 @12-way distributor 


12 Wilfley tables 
é 


C (aa) 


5100-ton bin 
36x36-in. rotary feeders (9) 
60 @ 36x48-in. impact screens, 


0.083 and 0.108-in. openings (») 
oo) ) 


Dewatering box 
1 @7x10-ft, {ube mill (ab) 
1 @ 12-in. bucket elevator (y) 


1 @ 3-compartment Rich- 


1 @ 72x20-in. rolls, set 0.62-in. (0) k (2 1 @ 4-compartment Rich- _ards-Janney classifier 
Hopper 1 ate ae “ toh Hee, (eae dees classifier Spigot 1-3 Over 
T1@'9-ton automatic akip\horet a) 10 @ 54x20-in. rolls, Spigot? Spigot2 Spigot? Spigot 4 Overfi 
set, 0.19-in, () oWilfley Wilfley 2Wilfley 2 Wilfley 
2 automatic head samplers 10 Hoppers tables tables _ tables. —tables, 


SP, ORT, 


10@ 5-ton automatic skip 


Gili GbwO. i lkusl 4 
p j H ist: 
Sample Reject Hoists (m) 


2 @ 36-in. distributing conveyors(k} 
8000-ton bin 


Section 1 (p) Section 2 (p) 
20 @ 36x36-in. rotary feeders 


2 cone tanks 


6@ 6-ft. Isbell vanners 
& Sampler ! BE 


Tail race Sampie (ap) 


Shipping, bins (ac) 
Sacks 


Boat 
Section 3 and 4 (p) TE Bag 


a, Takes 4 cars at a time. Actuated through friction clutch and fitted with bai 
brake. 50-hp. motor installed is sufficient for two tipples. 6, Covered with discarded r 
shells, 1 in. thick, straightened at red heat under steam hammer. c, 52 ft. (wide) & 21 
Bars are 10-in. I-beams with 4-in. flanges. Upper flange covered with 6-in. channel, whi 
is, in turn, capped with manganese-steel shoes, 6 to the bar. Slope,9!4in. per ft. d, Sloy 
45°. Crimped-wire cloth. e, See Sec. 3, Table 10. f, See Sec. 3, Table 15. g, Cut 
rock. Ah, 4.5r.p.m. i, 600 ft. long, slight down grade. S8-ply belt. j, See Sec. 5, Tal 
34. Specially reinforced all-steel screen for heavy service. J, See Sec. 3, Table 22. m, § 
Sec. 23, Art. 6. mn, See Sec. 5, Table 34. 0, Feed sprayed to lay dust. p, All sectio 
alike. +r, See Sec. 10, Table 26. s, See Sec. 10, Table 1.. t, See Sec. 6, Table 13. 2 
tons solid per classifier. u, Contains 96 per cent. of the +48-mesh material. Assa; 
1st spigot, $0.60 per ton; 2nd spigot, $0.32. w, 90 to 93 per cent. +48-mesh; abc 
33 per cent. moisture. Assay, $0.49 per ton. x, See Sec. 4, Table 65. z, Conta 
practically all of the free gold with some coarse lead. Melted down at plant to high-gra 
bullion and matte. @a, Shipping concentrate. Assays about 50 per cent. Pb and $8004 
ab, Grinds to 100-mesh. ac, Shipping concentrate assays $400 Au, 50 oz. Ag, 40 per ce 
Pb. ad, $0.347 per ton. ae, $13.15 per ton. af, $0.844 per ton. ag, $0.523 per t 
ah, Assays: 3rd spigot, $0.26 per ton; 4th spigot, $0.26. ai, $0.16 per ton.- aj, $0.17] 
ton. ak, $5.45 per ton. al, $0.46 per ton. am, $70 per ton. an, $0.177 per t 
ao, $1.00 per ton. ap, $0.20 per ton. 


Fie. 75.—Alaska-Gastineau Mining Co. 


Complex and refractory gold and silver ores 


This class includes both ores in which the precious metals constitute t 
principal economic value and others in which the precious metals are 
secondary importance. The common characteristic is insusceptibility 
treatment by amalgamation and cyanidation. This may be due to the fé 
that the precious metals will not amalgamate and occur in association w: 
substances that consume undue amounts of cyanide, or that they occur 
particles of such size that solution requires an unduly long time, or in su 
small quantity that without the recovery of the associated metals treatme 
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ih to justify cyanide trestinent; in ech ose the cunshe trestament: oom 
is A concentration iMlewed by cyanidation A tailing and amalgzination 
8 cyaiidetion o suclting A the comecnteste. The idlowing Som-sthects 
erate several A the omiitions inticstedA, At Ores Peete (IW 2) an 
high in arson) prrite and bisranth, containing overs, tree gJd._ is crashed 
A-mneda ta dasa and conconteated ond re-comecnirztcd on Berke strakes, 
ber Whit the concentrate and tailing are cyarided eparathy. St Comiscss 
ines, Cobalt, the silver ccours native in cach large ines, or emntined 
form, or in the presence A ouch her sabstances, thet eyanidation 
Oe is inciciesA, of inelective. At Bexmoxr Scer Inuer the oe 
amemaihe 10 luth eyanidation and comentration but amecntration 
sper. The ther horw-derts Dlusteste methods A tweatinent A high- 

oes containing conmuicalls valuable comstituccis other than the 
precious sactals. It is tre thet neither the Leo: nor the Seer, Mimixc Co. 
me cold be coommnically treated, excegt tox ite gd content, but the copper 
comcentrate 20ds cmeiderathy to the waluc, while 2t Mowcwr Mozcax 
ae Copper comtent alome is sufficiest, or nearly so, to Justify working. Flow- 
its A plants in which precios metals are of soimor velue are Aeswed under 
ie princayal sactal, thus silver and gid are wholly scomdary bat of some 
ume taporiance 2t, 6g, Covezez Rance and Axscompa, and silver at 
wkee Haz sxp Sriassvas. 


agas Mines, lia. Vig 76. (41 Ont. Dep. Vinee Y.) 
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coaltar. e, 6000z.Agperton. f, Feed; 20 per cent. solids, 3.4 oz. Ag per ton; concentrate, 
@ 50 oz. Ag per ton; tailing, 0.79 oz. per ton; 65 to 70 per cent. of this value is in the — 200- 
mesh. g, 20 X 10-ft. Ah, 1.230z. Agperton. i, Analysis, per cent.: Insol., 42.3; Pb} 0:23 
Cu, 3.6; Sb, 1.3; As, 6.0; Fe, 14.8; AlpO3, 8.8; Ni, 0.6; Co, 2.0; Zn, 0.1; CaO, 5.2; MgO, 2.2; 
S, 8.4; Ag, 1.7 (= 504 oz.). Jj, Shoes, chrome steel, wear 0.26 lb. per ton crushed; dies, 
hard iron, wear 0.14 Ib. per ton. Tons per stamp per 24 hr. = 6.4. Sizing test of product, 
per cent.: +6-mesh, 36.0; +8, 9.9; +10, 8.2; +14, 8.5; +20, 4.4; +28, 6.6; +35, 3.9; 
+48, 3.9; +65, 3.1; +100, 2.5; +150, 2.2; +200, 1.1; — 200, 9.6. 


Location: Cobalt, Ont. 

Ore: Native silver with niccolite, smaltite, chalcopyrite and some argentite, galena 
and pyrite in quartz and calcite veinlets in diabase. és 

Capacity: 360 tons per 24 hr. 

Assays: See notes a, e, f, h, i; Fig. 76. 

Cost; $1.80 per ton milled. 


Summary. | Gravity concentration and flotation. CrusHinG: Jaw crusher 
to 3-in., gyratory to 1/4-in., stamps to /4-in., 2-stage open-circuit tube milling 
to —60-mesh. CoNcENTRATION: Roughing and cleaning of sands on shaking 
tables at —14-in. to 100-mesh; pneumatic flotation in three circuits, v?z.: 
primary slimes, table and flotation middling, and primary-flotation tailing; 
concentrate in each circuit cleaned twice, 


Belmont Surf Inlet Mine. Fig. 77. (Q, 105 J 720.) 


Bin 
Drum feeder 
1 @WNo. 6 gyratory crusher, set 2-in. (a) 
1 @ 20-in. belt conveyor (3) with 
Merrick weightometer 
7 @ 20-in. belt conveyor 


2@ 24-ft. (diam. )x22-ft. bins (2) 
2 drum feeders 


2 @ 6x5-ft. pall mills (e) 
2 trommels, 6-mesh aperture 
) G) 
7 @12-in. belt-bucket elevator (f) , 
6 @ 2-deck Wilfley tables (q) 


; 6 @ 5-ft. Jones-Belmont 


machines in series (i) 


Rough 
concentrate 


| 
1 @ 5-ft. Jones-Belmont machine 


T 
7 @ 12-in. belt-bucket elevator (j) 


lic> 


4@ 5x16-ft. tube mills 


4@ 4%-ft. Dorr duplex classifiers 


Overjiow Sand 
2@5-ft. Jones-Belmont 


flotation machines 


7 
Ee et 


~ 


ie 


1 @ 36x12-ft. Dorr thickener (k) 


Overflow Spigot 
1 @ 114x8-ft. Oliver filter (I) 
ea Sate 


Filtrate Cake 
Smelter | ra 


a, 50-hp. motor. Run 8 hr. per day. 6, 419 ft. long. Slope, —3.2 in. per ft. 280 
ft. per min. d, Built of logs. Discharge gates in side near bottom. e, See Sec. 4, Art. 5. 
f, 12 X 6 X 6-in. buckets spaced 18 in., 20-ft. lift. 36-in. head pulley and 30-in. boot pulley. 
Installed in duplicate. g, 260 @ 0.75-in. strokes per min. i. See Sec. 12, ArbyerLae’ 2s 
12 X 6 X 6-in. buckets, spaced 18 in.; 23-ft. lift. 36- and 30-in. head and tail pulleys, 
respectively. k, 1 rev. in 8 min. 86 per cent. moisture in feed, 30 to 40 per cent. in 
spigot. J, See Sec. 17, Art. 3. . 


Fic. 77.—Belmont-Surf Inlet mill. 


1 @ 2-in. centri- 
fugal pump 


Location: Surf Inlet, B. C. 


Ore: Gold with a small amount of silver and copper and iron sulphide in hard white 
quartz. 


my 
ie 
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| Capacity: 350 to 400 tons per 24 hr. 
ta Axsays, Au, oz. per ton: Mill feed, 0.6; table concentrate, 5.36; table tailing, 0.33; flota- 
tion concentrate, 8.2 oz. Combined insoluble, 14 per cent. 
_ Recovery: Gravity, 47.8 per cent.; total, 92.2 per cent. 
Ratio of concentration ranges from 8:1 to 18:1, depending on pyritic content of feed. 
Running time: 95 per cent. of possible. 
Power: 42 hp.-hr. per ton milled. 
Lohor: 49 tons per man-shift, operating; 60 tons per man-shift on repairs. 
Water: 3 to 4 tons per ton milled. 
Distances: Mine at mill; mill to smelter, 500 miles; power transmitted, 5 miles at 23,000 
volts; water pumped 14 mile from lake with consumption of 30 hp. 
General: 130 miles from railroad. Steeply sloping mill<ite. 
Summary. Tabling and flotation. Crusuinc: Gyratory from 12- to 2-in.; 
pall mills from 2.5- to 0.12-in.; tube mills from 0.12-in. to 56-mesh (70 per cent. 
—200-mesh). ConceNTRATION: Tabling at —0.12-in. to remove coarse gold; 


flotation by combination routing for balance of treatment. 


Le Roi No.2. Fig. 78. (114 J 1118.) 
Location: Rossland, B. C. 


Dump cars from mine 
f : 2 Pn are 
Grizzly, 1-in.gpacing 1 @ 9416-1n. jaw crusher (a) (-) 
2 @ 8x12-in. jaw crushers, set 0.75-in. (a) | 
75-ton bin 
2 challenge feeders 


1 @ 5x4-ft. ball mill (c) 1 @ 6-ft. Chilian mill, 0.05-1n. screen (b) 


1 @ 3-apigot hindered-settling launder-type hydraulic classifier 


Spigot 7 Spigot a Spigot 3 Overflow 
1 Wilfley table 1 Wilfley table 1 Wilfley table 
a a Sa oe | 
ed) T C(d) T Cd) 


1 @ 1-spigot hindered-settling 1 @ 5x4x6-ft., hopper-bottomed dewaterer 


hydraulic classifier Spigot Ouerfiow 
pelle Clossifier_ Oil (gy) 
Spigot Overflow 1 @ 5x4-ft. ball mill (c) 


1 air lift 


1 Wilfley table 
————— 
i 


1 @ 3x6-ft. Pachuca tank (¢) 


Oil (h 


1 @ 16-cell 15-in. M 8. standard flotation machine 


—— 
£ bi tf 
Waste 1 @ 8-ft. wheel elevator 


1@4%4-ft. Allen cone Tamping bins (i) 


ea Clann ade act i Oe ee Pee en Sora e 
Overflow Spigot Dewatered concentrate Effluent 
Centrifugal pump Shoveled Centrifugal pump 
Concentrate launder d Spray pipe (j) 
—____| R. R. cars 


Fic; 78.—Le Roi No. 2 mill. 


@, Repairs on the 3 crushers amount to $0.025 per ton crushed, indicating extreme hard- 
mess of ore. 6, See Sec. 4, Table 88. c, See Sec. 4, Table 4. d, Principally pyrrhotite; 
assay, 1.0 oz. Au, 1.5 per cent. Cu. @, 2 air-lifts, one for circulation and one for discharge. 
i, Pine oil, @ 0.25 1b. per ton. g, Water-gas tar, @ 115. per ton. h, Less than 0.25 lb. 
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per ton of the above oils added to middling cells as needed. i, Tank 1 ft. deep, 2 ft. wide, 
22 ft. long, fed at one end, burlap screen at opposite end, effluent to a similar tank. Trans- 
verse baffles 6 in. high in bottom of tanks. Settled concentrate tamped for 2 or 3 min. 
every 2or3 hr. Compacted concentrate shoveled out as it accumulates. Product, 10 to 15 
per cent. water. j, Over concentrate launder. 


Ore: Gold-bearing chalcopyrite and barren pyrrhotite in augite porphyrite. Chaleopy- 
rite finely disseminated in coarse pyrrhotite and in country rock. Gold is about 80 per cent. 
of total value. It oceurs free in both sulphide and gangue rock. 

Capacity: 100 to 150 tons per 24 hr., dependent upon water supply. 

Assays: Concentrating ore, 0.15 to 0.50 oz. Au; 0 to 0.6 oz. Ag; 0.5 to 1.0 per cent Cu. 
Table 54 gives representative performance over a considerable period. - 


Table 54. Milling results at Le Roi No. 2. (After Lay) 


Au, 02. Cu, Fe a8 

-r ton per cent. sulphide, 

per per cent. 
IMGT Peed heterosis ews bod 0.155 0.42 8.1 
PLOtablON ES: sre see asia 0.074 0.30 6.3 
Table concentrate........... 0.93 1.40 29.6 
Flotation concentrate....... 0.91 4.66 28.5 
Plotation: taxing oceereae 0.043 0.10 522 


Recovery: Au, 75 per cent.; Cu, 80 per cent. 

Ratio of concentration: 10:1. 

Water: Scarcity prohibits erection of a large concentrator at the mine. 

General: Gold recovery is more important than copper on account of the fact that the 
smelter pays for 95 per cent. of the gold in concentrate while only 65 per cent. of the copper 
is paid for, after deductions for treatment, ete. 

Costs, dollars per ton of mill feed: coarse crushing, steel, 0.025; primary grinding, steel, 
0.345; secondary grinding, steel, 0.165; power for crushing and tabling, 0.120; labor for 
crushing and tabling, 0.375; sundries, crushing and tabling, 0.065; flotation: oil, 0.072; 
labor, 0.148; power, 0.040; royalty and sundry, 0.050; total, 1.405. 


Summary. Tabling followed by differential flotation. CrusHriNne: 2-stage 
jaw crushing from 8- to l-in.; 2-stage ball milling from —1-in. to 48-mesh. 
ConcENTRATION: Tabling after hydraulic classification in two stages with 
intermediate re-grinding of primary-table tailing; differential flotation of 
primary slime and secondary-table tailing. 


Lay points out that higher recovery of both gold and copper could be made by collective 
flotation, but that the resulting higher recovery of iron would lower the financial return 
because of a combined freight and smelting charge of $6.40 per ton of concentrate. He 
also cites an experiment with heap-oxidized ore, z.e., ore exposed to the weather for several 
months, that yielded a flotation concentrate containing 8 per cent. Cu, with copper and 
gold recoveries equal o or better than the present, and suggests the possibility of such 
treatment. 


Seoul Mining Co. Fig. 79. (83 IMM 8; 119 P 805.) 

Location: Tul Mi Chung, Korea. 

Ore: Highly complex. Gold and some silver with chalcopyrite, pyrite, mispickel and 
small amounts of lollingite (Fe)As3), galena, blende, bismuth and molybdenum minerals in 
a contact-metamorphic gangue containing much garnet, calcite, diopside, serpentine, mica, 
epidote, zoisite, actinolite, etc. 

Analysis, per cent: Cu, 1.18; Fe, 7.45; As, 0.37; S, 1.76; Pb, 0.05; Zn, 0.30; Bi, 0.11; 
SiO2, 67.07; AloO3, 0.69; CaO, 10.76; MgO, 1.43. 

Capacity: 450 tons per 24 hr. 


Assays: 
Au, oz. Ag, oz. Cu, 
per ton per ton per cent. 
Reedeavonciee. taasccca:cisae cee 0.3 0.5 £6 
Concentrate, total........... 680-5: 4oeln cos eaates 20-24.5 
Tain wyatt odes eta eh 0.09 sd antg? 2 0:4 
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2-ton care 


1 @ 4:16-Ft. revolving ecreen, 1.75-in. holez Trach scales 
F ~) a, 
1 @ 46-in. piching belt (c) 1@15-in. belt : ms r "7 
Piched Residue CONEY grizzly, 3-in. gpaces 
Waste 2 @6120-in. jaw cruehers, eet 1-in. +) ) 
5-ton hopper 


Water 1 @ 24-in. belt conveyor with tripper (d) 1 @ 16x26-in, jaw 
Wa OH (b) 1500-ton bin crusher, get 3-in. 
Naz 00,(b) 3 @ 24-in. belt feeders 2) 

_Execalyptus oil (b Reject Sample (a) 


3@EFt. conical ball mille (f) 


2@ 45-Ft. Dorr duplex classifiers 


Overflow 8and 


3 @ Ft. conical pebble mille 


2 @ Yz-Ft. Dorr duplex classifiers 


Overflow Sand 


1 @ 2-compartment spitzhasten 

Overflow (j) Spigot ale m(b) 

1 @ 4-cell 24-in. Lemmon-Hebbard flotation machine (g) 1@ 5x5-f£. ball mill 

Overflow 6-8 Tr Centrifugal pump 
—————- 


Overflow 1-5 


1 @ é-cell 24-in. Le -Hebbard flotation machine 
1 @ 4-cell 24-in. Hebbard sub- pana ee - 43 
aeration machine (g) T ope 
oo + 3 Sees ee - 
T Overflow 1-3 Overflow 4-8 | 4 Callow cells Overflow 1-3 
ae 
No.1 concentrate (k) 1 Callow cell 


Sodium 


T 
‘ 
Waste 
| “a silicate (b) 


1 @ 8-cell 24-in. Hebbard sub-aeration machine (g) 


Car 
Drying floor @) Overflow 4-8 Overflow 1-2 
Saoks No. 2 concentrate (1) 
Sull carts 
River boats Dorr thickener 
‘ 
Steamer Overflow Spigot 


Smelter (Japan) 


b, NaOH, 1 lb. per ton; NagCOz, 1 lb.; 


a, Hourly moisture sample taken by hand. 
c, 60 ft. long. 


NaS, 0.5; NaSiOz, 1 lb.; eucalyptus oil, 0.3 lb.; crude petroleum, 0.25 lb. 
About 2 per cent. removed, principally clean limestone averaging $0.50 Au and a trace of 
Cu. d, 106 ft. long. e, Fed by 18 X 24in. rack-and-pinion gate. f, See Sec. 4, Table 
11. g, 1500 ft. per min. peripheral speed. i, See Sec. 18, Art. 2. j, Aver., 12 to 14 per 
cent. +100-mesh. k, 88.8 per cent. of total concentrate, assaying 4.90 oz Au and 25.23 
per cent. Cu, J, 11.2 per cent. of total concentrate, assaying 6.17 oz. Au and 18.32 per 


cent, Cu, 
Fic. 79.—Seoul Mining Co., Tul-Mi-Chung mill. 


ft cent.; Cu, 90 per cent. 
5 


Recovery (1923): Au, 70. 
3 ak 


1 
Ratio of concentration: 30 to 35: : : ee i 
Power consumption (1923), hp.-hr. per ton milled: Crushing, 2.77; grinding, 19.41; 
flotation, 5.66; re-grinding, 3.26; water, 1-25; total, 32.35. 
Water: 3.8 tons per ton of ore. 
General: Steeply sloping millsite. 
miles. 
Cost (1923), $1.24 per ton milled, 


pe 
to 
ds 


Mine to mill, 3300 ft. Mill to railroad, 40 to 50 


if 
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Cost per ton milled, 1918; 154,300 tons milled 


Department Supplies | Power (a) | Labor (b) Total 

Crughine ss se ce ose aos Ae oo Us cc $0 . 0643 $0 . 0322 $0 .0177 $0.1142 
Syorn Shaye asc BNO Av enen sew GRREMEn, Aremecnenoace Manis capi: ii fl sted Gat 0.0033 0.0033 
Ap U RCO TNE hos hr cote eR Be cc) ce eae 0.1784 0.2541 0.0153 0.4478 
PIGHA CLOTS. cco meen A ic nrnie os ees 0.2588 0.0474 0.0074 0.3137 
Tables <A ree eee Bess eee oes ke 0.0074 0.003 0.0016 0.0129 
Re-prindiee & 29S seertre te bn dn ern de eas 0.0247 0.0390 0.0016 0.0654 
Tailing-cleveting votemry ss. He scsccne 0.0011 (Onis || eens 070148 
Slimetplante:ovests econ » ee bp Bean. 0.0046 0.0050 0.0064 0.0160 
Tailing dam . oo. 53-05 peter ee ee ONOOMO Sea ae 0.0188 0.0390 
Watensupply cizsan kta ihe Fre see 0.0034 0.0354 0.0002 0.0390 
Mill heating and lighting............... (O...031.6 ikea wae 0.0007 0.0323 
Buldingsrepars=. et hoe ee eae. = 0; OOOO eae ete ce coc ce MOR: Meda 0.0009 
Hires prene Gur Ol ti aasertetyethasc tic teter cg ace /os20| hime RR RCR AEM teehee akerome TRE Ny Ree 0.0004 
SUPER VISTO ea a rt eaccutic abana haa a OMS Sei tee ancien 0.0580 0.0768 
ASSAYINE Acre seers cheas-a cela ERAS tS TESTE OROZIGAH | Siicc sue ssh caren aw 0.0226 

Sea a nec ey enema Seti caratcs Ds vy si $0 .6185 $0.4307 $0.1310 $1.1818 


a Electricians’ labor included with power. 6 Mili labor, 20 to 35 cents per 8-hr. shift. 


Summary. Flotation, combination routing. CRusHING: Jaw crusher fron 
18- to 3-in.; jaw crusher from 4- to-1 in.; ball, pebble and ball mill in series fron 
1-in. to 10 per cent. +100-mesh. CoNCENTRATION: 3-stage roughing with on 
cleaning of the concentrate from the first and second roughers and cleanin: 
and re-cleaning of concentrate from the scavenger rougher. 

The difficult problems at this plant are to save the gold and to keep dow 
the tonnage of concentrate. The gold is finely divided and, while some occur 
free, much is very closely associated with the chalcopyrite and the lollingite 
The latter mineral does not float readily, and in order to bring it up, it i 
necessary to float considerable pyrite. Even thus, considerable gold is lost 
Concentrate handling, freight and smelting cosr $30 to $40 per ton of cor 
centrate or upward or $1 per ton milled, hence it is not economically possibl 
to increase gold recovery at the expense of any decided increase in tonnage ¢ 
concentrate produced. 


Mount Morgan mine. Fig. 80. (34 IMM, 448.) 
Location: Mount Morgan, Queensland, Australia. 


Ore: Gold with a trace of silver, pyrite and chalcopyrite in quartz. Gold is very finel 
disseminated in the quartz. 
Capacity: 800 tons per 24 hr. 


Assays: 
Au, 0z., Cu, Fe, SiOs, 
per ton per cent. per cent. per cent 
Weed « sesorces gogo tprouneh eee MEA te ETE Eo 0.293 2.00 15.00 64.74 
JILECOMCEAELGUG. (4: cor. ee La Dade 0.318 1.84 38.67 15.65 
Pablescon centratey: jac... hfe. Seo bans 0.562 3.47 39.98 12. 43 
Blotationcconcentrate...0 se Gey w= fs. a oe Bal 11.99 26 .06 29 ; 75 
PUPA OAs fue Soeanapriss ca WSs ase Bech ee Reena eer ace 0.0104 0.19 Say: a Rn RE. 


Recovery: 77.08 per cent. Au; 93.74 per cent. Cu. 
Ratio of concentration: 2.81 : 1. 
Water: new, 1 ton per ton milled. 


Summary. Jigging, tabling, flotation. Crusuina: Coarse breaking » 
6-in.; 2-stage crushing in gyratories from 6- to 1-in.; 2-stage roll crushing fro 
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1- to 0.156-in.; 2-stage tube milling from 0.156- to 0.0083-in. with intermediate 
tabling. CoNcENTRATION: Jigging at —0.156-in.; tabling at 20-mesh; floating 
at 60-mesh, making pyritic concentrate in the gravity steps and a tailing 
for re-treatment; a copper concentrate and final tailing by flotation. 


Concentrating ore crushed at head frame to -6-in. 


300-ton bin Onn en Pie 
30-in. belt conveyor Shatin ager 
2 @No. 6 gyratory crushers 17 @ 36x18-in. rolls 
2 @No. 4 gyratory crushers, set 1-in. Elevator 
30-in. belt conveyor with Blake-Denison weigher Tome 0.58-in. aperture 
, SE (+) 
2 trommels, 0.156-in. aperture 


2 @ 36x1 8-in. rolls 
Elevator 
4 King screens, 0.158-in. aperture 
ve) 


2 @ 5-compartment double May jigs 


Hutch 4 T Hutch 1-3 
Elevator | Cc 


6 @ 5x16.5-ft. tube mills (a) 
1 @ 8-spigot classifier 


af oe Timea TiiGiatt,.al 
Spigot 7 Spigot 2 Spigot 3 Overflow 
8 Wilfley tables 8 Wilfley tables 8 Wilfiey tables 8 Wilfley tables 
fsatthuT. tks | ae ee oe ee er ee 


c Tne C: KG T é T 


4 @ 5x16.5-ft, tube mills (b) 
2 @ 8-comp. 42-in, sub-aeration machines (c) 
: 
7 standard M.8. machine 


2 drag classifiers Draining bins 


ft 1 a4 
Overflow Sand Shaking feeders 
Dore hiahees Bean iahie 18-in, belt conveyor 
ch : f 200-ton bin 
petdied Spigot Conveyor with Blake- his 
pply ; : 

eel tank ema meiner Roasting plant 
: Sintering plant SS 


4 diaphragm cones 


Overflow Spigot 
LOA ft bore thickener 48-in. draining belt 
Overflow Dams Conveyor 
Mill-supply tank Settled solid Overflow Stacking conveyor 
aie (hays. i oa Waste Dump (a) 


a, Grinding to 13 per cent. --40-mesh (0.0125-in.). 6, Grinding to 4 per cent. +60-mesh 
(0.0083-in.). c, 18-in. shrouded impellers. d, Drawn as desired through tunnel and sent 
by aerial tram to mine for filling. 


Fie. 80.—Mount Morgan mill. 


20. Graphite (C) 


Properties. Soft, amorphous or flaky, resists heat and chemical action, conducts 
electricity, and has good lubricating qualities. tn 

Uses. Principal use is in the manufacture of crucibles. This industry accounts for 
85 to 90 per cent. of domestic consumption of CRYSTALLINE GRAPHITE. j About 80 per cent. 
of the graphite in crucible mixes is Ceylon graphite, and, due to the belief of crucible manu- 
facturers in the superiority of this variety, not more than 20 per cent. of the crucible demand 
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may be considered as a market for domestic production. Other uses for the flaky variety 
are as a lubricant, a filler for asbestos and metal packings, oil-less bearing compounds, 
pipe-joint compounds, paint, and shot polishing. AmMoRPHOUS variety is used for foundry 
stove polish and lead pencils. 


Ores. Graphite is a mineral form of the element carbon (C); sp. aR. 2.1 te 
2.9, the lower figure corresponding to greater purity. The usual impurity 
is silicious material occurring between adjacent lamine of graphite. LusT=R 
is usually metallic. Occurs in laminated or sooty masses in vein deposits 
and as disseminated flakes or grains in metamorphic rocks. Flakes usually 
range in size from 0.5-in. down. Mica and chlorite are the most troublesome 
gangue minerals. The best-known deposits are the veins of flake graphite ir 
Ceylon and of the amorphous variety in Mexico and Korea; the disseminatec¢ 
deposits of flake in Central Europe, eastern Canada and eastern United States, 

Production. Average yearly post-war world production has been about 
100,000 tons, of which the United States has contributed between 3000 and 
10,000 tons. Austria, Czecho-Slovakia and Germany combined accountec 
for from 50 to 60 per cent. of the world production and Ceylon and Madagascai 
from 15 to 25 per cent. 

Selling. Ceylon graphite is hand sorted into four grades, viz.: Lump 
from about 1- in. to Y%¢-in.; cH1p, about 4¢-in.; pust, the granular materia 
finer than chip; and FLYING DUST, substantially impalpable powder. Flake 
graphite is sold in three grades, viz.: No. 1 rLaks, passing 16-mesh and remain: 
ing on 90- or 100-mesh screen and having a graphitic carbon content of abou 
90 per cent.; No. 2 FLAKE, with slightly lower carbon content and lying betweer 
Apes sneiy Cee OP NOP Ade 60- and 120- to 140-mesh; and Dust with as 
bama flake graphite. (After Dub) low as 30 to 40 per cent. graphitic-carbor 
content and passing the fine screens. A sizing 


| Bocesencels Weight, test of No. 1 Alabama flake is given in Tabk 
per Cent. 55. Good-grade AMORPHOUS GRAPHITE shoulc 

435 6.5 contain at least 80 per cent. graphitic carbor 

65 45.6 and should be brilliantly black and unctuous 

_ ie Ae Analyses of first-grade crystalline graphit 

; from various producing sections is given i 


Table 56.  Pre-war price of best Ceylor 
graphite was 8 to 10¢ per lb. There was a slump in 1924 to 6¢. Sept. 


Table 56. Analyses of first-grade crystalline graphite. (After Brumell, 22 CMI 408 an 
Dub, Preparation of crucible graphite, USBM, 1918) 


: i New Penn- 

Constituent Alabama ee savant Ceylon Canada 
Viclatilon Genta een wissen co 1.89 1.30 1.53 ros ee 
Graphitic: Cistetrterrencsion os: 87.03 88.97 88.80 85.06 93.87 
SROs a eet eee ener ema 5.85 4.34 5.24 ipeSil 3.61 
AUS ORES BASEL shea cushiten es tut 4.17 2.40 2.05 2.82 1233; 
IDESKO}R acetic at 5) Sa nen 0.38 1.08 1.75 1.61 1.35 
PEO SER. SYS ASLIER 6 cise gas 0.15 0.38 0.05 Oisl3- Wc 
OS Ote ho ice 5 oh ee s eee ce OCT WE 0.19 
[ite OMe er -ceae rhe ne Ons 0.76 0.09 0.21 
TO rn ae 0.21 0.55 0.08 0.25 0-44 
Nao Omen tc nee ye 0.04 0.12 0.12 0.11 ) 
SO geri amet ee a OR Os ait eseerey er 0.21 3005 |. eae 
Pi Oe, ee ee ae 0.02 0.02 0.05 O05;sny- aa eee 
VMinO coment cae Prager hcl or resem aleeoeen sate 0.07 O04 | eee 
ANG Peabo Pines ewer: 1s i eal Papers suc ae ee Nc ae nO pearl a eg pete 0:03) eee 
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1925, prices for Ceylon were 814 @ 9¢ for lump, 6144 @ 7¢ for chip, 3% @ 5¢ 
for dust; flake was quoted at 10 @ 30¢ per lb. 

Treatment. Graphite from disseminated deposits must be concentrated 
before marketing and concentrate is usually further refined (i.e., concentrated) 
by the larger purchasers before use. Large flake and high-grade concentrate 
are more important considerations in milling than high recovery. Substan- 
tially all kinds of concentrating processes have been tried in graphite-ore 
treatment and practically all failed prior to the introduction of froth flotation, 
Brumell (22 CMI 378), in a comprehensive summary of the American graphite 
industry, classifies the concentrating equipment in 38 Alabama mills in 1919 
as follows: skin-flotation plants, 1414; froth-flotation, 1514; wet-gravity con- 
centration, 5; electrostatic, 2; dry concentration, 1. He says that the mills 
using SKIN FLOTATION rarely made recoveries greater than 50 per cent. and 
usually about 35 per cent. The ELECTROSTATIC MILL was said to be 
highly profitable, but no operating data are available. The flow-sheet con- 
sisted of crushers and rolls in series to free the flake, grading and rough con- 
centration by sereens and air classifiers, and finishing on a Huff electrostatic 
machine. Log-wasHER MILLS, classed above as wet-gravity concentration, 
treat the crushed material in log washers to which a small amount of kerosene 
is added. Overflow is concentrate. It is screened, undersize rejected, over- 
size washed on a cement floor, the residue being wasted, while the light washings 
are drained, dried and sent to the finishing mill. Graviry-concENTRATING 
MILLS using classifiers, shaking tables and film-sizing devices (buddles and the 
like) have been tried and failed many times. PNEUMATIC MILLS were probably 
the most successful from a concentrating standpoint, prior to froth flotation, 
but operating and mechanical difficulties were great on account of excessive 
dust. The flow-sheet of the American Graphite Co. is typical of a modern 
FROTH-FLOTATION MILL. 


Graphite finishing mills treat the dried concentrate from the concentrating mills. The 
essential features of finishing practice are grinding in smooth-surfaced polishing rolls, 
buhr stones or pebble mills, de-dusting in crude air classifiers, usually of horizontal-current 
type, and sizing the de-dusted product into merchantable grades. Brumell (loc. cit.) cites 
two cases of such finishing treatment; in one a product containing 71.8 per cent. graphitic 
carbon was raised to 85.7 per cent.; in the other, 51-per cent. material was raised to 82- 
per cent. 

The action of the grinders in finishing is to pulverize the more or less brittle gangue 
material while the soft, tough flake is flattened out but not broken. Hence subsequent 
separation into coarse and fine results in concentration of graphite in the coarser grades. 


American Graphite Co. Fig. 81. (120 P 567.) 


Location: Ticonderoga, N. Y. 

Ore: Flake graphite in quartzitic schist. 

Capacity: 100 tons per 24 hr. 

Assays, per cent. graphitic carbon: Feed, 5.5 aver.; total conc., 86.5; coarse flake, 91. 


Recovery (1919): 87 per cent. 


Summary. Pneumatic flotation; repeated cleaning of concentrate with 
intermediate re-grinding in two stages. 


Notes to Fig. 81. 


a, Hand fed. 6, Large circulating load is carried in order to grind flake as little as 
possible. c, 28-mesh. Much flake graphite overflows on account of presence of oil. 
d, Introduction of Deister cone classifiers at this point increased overflow of flake graphite 
from classifier system. The hydraulic-classifier sands went to the Dorr classifier, the 
overflow joined the Dorr overflow. e, Rectangular, one side canvas. Material drains 
in 8 hr. to about 40 per cent. moisture. Shoveled out by hand. f, Sides of all cleaners 
raised about 12 in.; 3 cross baffles, the lowest, at the discharge end, about the height of the 
original overflow, the next raised 3 in. and the feed-end baffle 6 in. Froth cascades over 
these and overflows at the discharge end; this aids in raising the grade of concentrate, 
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300-ton bin 
1 @ No. 6 Me Cully gyratory (a) 
1@ i8-in. belt conveyor 
1 @ 16-in. belt-bucket elevator 


1@ 3x7-ft. trommel, 1-in. rd. holes 
( —) 


) 
1 @ 80x14-in. rolls 
1 @ 16-in. belt-bucket elevator 


Overflow (c) 
7 @ 12-in. belt-bucket elevator 


4 @ 2x8-ft, standard Callow cells 


Rough conc, T 


2 @ 2x8-ft. standard Callow cells(f) Waste 
| ee ES Sn ee ae a I ET 
Cc T 
1 @ 2.5x5-ft. trommel, 100-mesh silk cloth 
————— 


(~) Galle. 
1@ 5-ft. x22-in. conical pebble mill 


1 @ 16-in. bel{-bucket elevator 
7 @ 200-ton bin 
7 @ 16-in. belt feeder 


1 @ 6-ft. x22-in. conical ball mill 
{ 


7 @ 12-in. belt-bucket elevator 
1 @ 2x8-ft, standard Callow cell: (f) 
8 eee 


c 


1 @ 2x8-ft. standard Callow cell (f) 


(d) 3 
. Dorr duplex classifier 


¢ i 
1 @2.5x7-ft. trommel, 100-mesh silk cloth Alternatives 


i are >) 
1 @ 5-ft. x22-in. conical pebble mill 


1 @ 12-in. belt-bucket elevator 
1 @ 2x8-ft. Callow cell (f) 
ae, 


1 @ 3-in. sand pump 


c 
7 @ 2x8-ft. ‘Callow cell (f) 
c i 
Settling tanks (c Alternatives 
Querflow Dewatered conc. 
Screw conveyor 
Rotary dryer Dust 
ft eee | Oust collector 
flake Coarse dust Dust collector 
1 @ 8-in. belt;bucket elevator Bin A ch 
Shipping bin 2SLLE ine dust Exhaust 
ee Bin Waste 


Fic. 81.—American Graphite Co, 
21. Iron, Fe 


Properties. Metal; gray-white, lustrous, tenacious, comparatively soft and ducti 
when pure, magnetic (see also Table 1). At. wer., 55.8. In compact form not attacke 
by dry air, but when very finely divided, as when produced by reduction with hydrogen, 
burns in dry air when gently warmed. It is attacked by moist air, with the formation 
RUST, 4 complex mixture of oxide and hydroxide of iron. Water is decomposed by iron. 
all temperatures. Iron is dissolved by even the weakest acids, forming the correspondit 
bi-valent salts with iron as the base. These pass easily by oxidation into salts in whi 
the iron ion is tri-valent. Iron also enters into combination as a part of the acid constit 
ent of certain salts. Alloys of iron are numerous and extremely important commercial 

Uses of iron are multitudinous; it is used almost entirely as cast iron or steel, both 
which are alloys or mixtures of iron with carbon and other elements such as phosphort 
manganese, chromium, nickel, tungsten, vanadium, molybdenum, cobalt, silicon, titaniul 


Ores. The economic minerals are hematite, magnetite, limonite, siderit 
and very occasionally pyrite. For a deposit of one of the above minerals - 
constitute an ore it must be favorably located with respect to fluxes, fuel a1 
markets; it must be of high grade; must occur in large quantity; and must | 
so that mining will be possible on a iarge scale at comparatively low co: 
Furthermore, it should be relatively free of titanium, phosphorus and sulpht 
which are harmful in the finished iron and steel products and difficult — 


impossible to eliminate. Analyses of typical domestic ores are shown 
Table 57, 
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tion A irom ore in the 1 United States, by states, ic given in Table 53. 
Ort: Be ise ie ae the to fs ts eter ta per World 
: & pig iron is given in Table 


: We A. Vaited Biztes production A zon one (thomends A gross toms). (Afi 
USGS) 


babe: BRB | VMI \ BAB | VAL | 70 | 44358 | Zi gz 
1449)! BAM | 171A | 7253 | 19454 | 14874 | 12351 
3 | 589) 594 2416 | 3235 | 6783 | 6993 
1623 S70 | gH | 470 444 | aa2 | 2h 
1149 | 109 | i | BT BT S71 | ay 
i e758) Li | 25 | a | 3794 BB 
AB | 627» Tot | 17 | 731 | ox | BT 
ae 52 BS sa | 7s | 31 1% | w 
414 ZA 276 DB 1H Lr 189 
Sot | so4 | 432 | B | i) as | 6 
184 225 | 274 | ima} 11% Me | 1g 
“i | 28 | oe | isd | 1B | 225 | ZA 
i 


OA | Os | 61 | 299 | 47129 | 251 | Z4267 
= 5 4 | j 4 | 

CG.N CLM, Uish. Gaia, Ww. Wa, Ky, Most, Cal. Colo, Coun. 1d, M4, Maas, 
ov. Tex 


ling Prices of iron ore are reckoned from a base-ore standard which, 
2 147 > has been 35 per cent. iron content for bessemer ores (c 
H than O.1 per cent. as much phosphorus as iron) and 515 per cent 
mbes res. Variations in iron comtent above and below these 
are ave adjusted ona rather complicated unit schedule and prensiams 
for phosphorus content are reckoned separzicly. (For a thorough 
m and schedules sce Spurr and Wormer.) Average prices are given 
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Table 59. World production of pig iron (thousands of gross tons). (33 MI 389) 


Country 1913 1919 1920 1921 1922 1923 1924 
United States...) 30,966 31,015 36,926 16,688 27,220 40,361 31,40 
rane mom eseerors 5,126 2,373 3,380 3,308 5,147 5,347 7,57 
United Kingdom.| 10,260 7,398 8,035 2,616 4,902 7,439 7,31 
Germany....... 16,499 5,566 6,931 7,725 9,249 4,859 7,07 
Belgiums....05.- 2,446 247 1,099 863 1,588 2,116 2,76 
Luxemburg..... 2,508 608 682 955 1,653 1,385 2,13 
RUSSIA ee obey 4,486 110 113 100 2600 294 Ae 
Others’ (a@)...... 5,245 3,395 3,474 2,968 2,448 4,187 3,94 

otal 2).:0% 77,536 50,712 60,640 35,223 52,407 65,988 62,64 


a Sweden, Austria, Hungary, Czecho-Slovakia, Spain, Italy, Japan, India, Canada 
Australia. 


Table 60. Average prices of iron ore per long ton at the mines 


Yeap Lake Superior | South-eastern | North-eastern 
district district district 

1920 $4.25 $2.88 $4.90 

1921 3.58 1.83 ees 

1922 Shoe 1.74 2.33 

1923 3.62 Ose! SEES 

1924 3.06 2.13, 2.59 


Treatment. Most of the iron ore now mined and mined in the past ha 
been sufficiently high grade to smelt without concentration, but the end of th 
known high-grade deposits in the United States is in sight and an increasins 
tonnage of lower-grade ores is concentrated every year. 


The simplest form of beneficiation is typified by that at the SusqgumHANNA mine a 
Hibbing, Minn. (102 J 787) where masses of taconite are scattered through the hematite 
In earlier operations the taconite was picked out ahead of the steam shovels and haule 
away in dump ears. This expensive operation was replaced by screening. The ore j 
loaded by steam shovel into 12-cu. yd. air-operated side-dump cars, taken to the sereenin 
plant and dumped onto a flat grizzly with 30-in. spacing. Oversize is sledged through into 
bin. From the bin the ore is drawn into a 5 X 24-ft. revolving stone screen with 2-ir 
round holes. Oversize is waste, which discharges into a car-loading bin whence it is haule 
to a rock dump. Undersize goes to the shipping bins. Capacity of this plant is abou 
250 tons per hr. and it requires only about 30 hp. 


When, as is the case in many of the Lake Superior mills and the souther 
mines, the impurity in the ore is fine sand and clay the usual plant consist 
of screens and a log washer, supplemented in some cases by shaking tables fo 
treating the log-washer overflow. See Fig. 82. 

In 1912 a complicated experimental plant was built for the AmMprrcan-Boston MINIn 
Co. (95 J 1016). It involved stage crushing through 10-mm. in gyratory crushers and roll 
2-stage jigging of closely sized feeds (—10 +7-mm., —7 +4-mm., —4 +2-mm., an 
—2-mm.) and treatment of — 20-mesh material by classification aad tabling. This practic 


has not been followed by other companies, however, and is undoubtedly too expensive t 
allow the products to compete in the present markets. 


MAGNETIC-IRON ORES carrying 25 to 45 per cent. Fe occur in enormou 
deposits underlying large areas in northern New Jersey and eastern New York 
High-grade deposits in these regions have been mined for over 100 year: 
The coarsely crystalline, lower-grade deposits are concentrated by dry magneti 


methods typified by the flow-sheets of Witherbee, Sherman Co., mills Nos. 
and 5 (Figs. 85 and 86). 
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The finely disseminated deposits have not yet been worked profitably. At one of these, 
the Brnson mine, a plant was built in which the ore was crushed in stages from run-of-mine 
size to 18-mesh by 72 X 60-in. Edison giant rolls, 40 X 42-in. jaw crusher, 2 sets of 36 X 36- 
in. Edison rolls in series and 8 X 6-ft. ball mills, then concentrated in 2 stages on Grondal 
wet-drum separators and the concentrate nodulized. At RepLoGur Sree. Co. the economic 
minerals are magnetite and the non-metallic martite (Fe203); concentration is effected by 
dry magnetic separation followed by tabling (Fig. 87). At PrNNSYLVANIA STEEL ‘Cos, 
Lebanon, Pa., magnetite occurs with pyrite and chalcopyrite (Fig. 90). The most recent 
plant is that of the Mrsasi Iron Co. (Fig. 88), treating a very finely disseminated low- 
grade magnetite ore. This plant is probably prophetic, in its essentials, of future practice 
in magnetic iron-ore concentration, 


Alabama iron-ore washer. Fig. 82. (108 P 458.) 


Ore: Limonite in clay and gravel. 

Capacity: 100 to 150 cu. yd. per hr. 

Ratio of concentration varies in this field from 3 : 1 to 12: 1, average about 5 : 1, making 
a concentrate carrying 42 to 50 per cent. Fe, less than 1 per cent. Mn and 0.5 to 1 per cent. P. 

Water: About 2000 gal. per ton of ore. 

Cost, with a ratio of concentration not greater than 6:1, was about $0.50 to $0.75 per 
ton in 1914. 


Open-pit mine 


Receiving hopper with grizzly 4-in. spacing (a 
Side-dump cars ts grizzly pacing (a) 


f : 1 
Conical revolving stone acreen, 2-in. rd. holes (b) Waste 


(+) (>) 
24-in. pan conveyor for hand picking 2 double-log washers (c) 
Picked material Residue Lump Overflow 
Waste Shipping bins 
2 @ 32-and 42-in. x8-ft. compound revolving screen,¥,x%-in. and%x1¥-in. slots (d) 
Gy 
24-in. is conveyor for hand picking Slime pond 
Picked material (e) Residue Settled, solids Ouerflow (f) 

Waste Shipping bing Waste Mill supply 


a, Hopper V-shaped, 5 to 6 ft. wide at top, 50 to 60 ft. long, 2 to 3 ft. deep at the upper 
end; bottom a flume 114 ft. wide and sloping 2/4 in. per ft. Grizzly of heavy rails set on 
1\- to 2-in. per ft. slope and spaced 4 in. forms a false bottom. Oversize is sledged and picked 
on grizzly. Undersize is flushed down flume with water. 6, With strong washing spray. 
c, Logs 18-in. octagonal and 20 to 30 ft. long, set 38 in. center to center. Blades 9 to 
10 in. long, 514 in. wide and 1% in. thick. Logs slope lin. per ft. Trough flat-bottomed, 
7 ft. 4 in. wide, about 4 ft. deep at lower end and 2 ft. deep at upper. Speed, 12 to 15 r.p.m. 
d, Fitted with strong internal wash sprays. e, Clay balls and gravel. f, About 50 per 
cent. 


Fia. 82.—Typical Alabama iron-ore washer. 


Oliver Iron Mining Co. Fig. 83. (Q; 35 MEW 949; 107 J 683.) 


Location: Coleraine, Minn. 

Ore: Loose mixture of hematite and taconite sand. j 
Capacity: 400 tons per unit per hr. (48,000 tons per 24 hr. for 5 units). 
Assays, aver.: 


Fe, SiOs, Mp, ies 20, 
per cent. per cent. per cent. per cent. per cent. 
BCCI NSS Se eile ots ur 43.5 32,1 0.24 | 0.054 9.75 
Bancentrate... ..Gs...--- +6. 56.00 1275 0.29 0.061 9.25 
CONOR @ Alnbt Btge ecco 


MEAN C2 ele days sr Ae leaoh'.). «wed E 18.65 70.6 0.14 


See also notes j to f, Fig. 83. 
Recovery: 80 to 85 per cent. 
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Ratio of concentration: 1.6 +1. 

Labor: Tons concentrate per man per day, based on total labor: 75 to 90. 
Power: 2.8 hp.-br. per ton (installed), exclusive of water supply. 

Water consumption: 300 to 350 gal. per ton of crude ore. 

Distance mine to mill: 2 to 5 miles. 

Cost: (aver. for district) $0.06 to $0.10 per ton of feed. 


Summary. Hand picking, 2-stage concentration in log washers, single- 


stage treatment of washer fines on shaking tables. No crushing except a 


small amount of sledging on the grizzlies. 
Witherbee, Sherman Co., Mill No. 5 (high-grade ore). Fig. 85. (Q) 


Location: Mineville, N. Y. 

Ore: Banded magnetite in gneiss. Analysis: Fe, 49 per cent.; SiOs, 15.75 per cent; 
Al,O3, 4 per cent; CaO, 8.75 per cent.; MgO * per cent.; P, 1 per cent; S, trace. 

Capacity: 2000 tons per 24 hr. 

Assays: Feed (aver.), 45 per cent. Fe; concenirate, 63 per cent. Fe, 0.5 per cent. Pp; 
teiling, 6 per cent. Fe. 

Recovery: 96 per cent. 

Ratio of concentration: 1.4: 1. 

Running time: 90 per cent. of possible. 

Power: 5.4 hp.-hr. per ton milled. 

Labor: 39 tons per man-shift, operating; 390 tons per man-shift on repairs. 

Distances: Mill 500 ft. from shaft mouth; concentrate sold and shipped to various 
eastern blast furnaces; power transmitted 0.5 mile at 3300 volts. 


Summary. Hand sorting and dry magnetic concentration, making con- 
centrate, middling and tailing at all sizes from run-of-mine down. (Compare 
Mill No. 4.) The magnetic separators for each size are arranged in two 
stages, low-intensity machines for the first stage, making concentrate and 
middling for re-treatment on high-intensity machines (second stage) that 
deliver finished tailing and a middling for re-grinding. 


Witherbee, Sherman Co., Mill No. 4 (low-grade ore). Fig. 86. (Q; 97 


J 549; 56 A 899.) 


Location: Mineville, N.Y. 

Ore: Banded and disseminated magnetite in gneiss, coarse crystallization. Analysis: 
Fe, 28 per cent.; SiO, 50.5 per cent.; AlgO3, 4.75 per cent.; CaO, 3.0 per cent.; MgO, 1.0 per 
cent.; P, 0.08 per cent.; S, nil. 

Capacity: 2000 tons per 24 hr. 

Assays, per cent. Fe: Feed, 28; concentrate, 64; tailing, 6.8. 

Recovery: 84 per cent. 

Ratio of concentration: 2.7 : 1. 

Power: 8.7 hp.-hr. per ton milled. 

Labor: 34 tons per man-shift, operating; 340 tons per man-shift on repairs. 


Running time: 80 per cent. of possible. 
Distances: Mill at tunnel mouth. Concentrate sold to eastern blast furnaces; power 


transmitted, 0.5 mile at 3300 volts. 


Summary. Dry magnetic cuncentration, rejecting tailing at —2-in. and 
making concentrate at —0.75-in. CrusHina: Jaw crusher from 18- to 3.5-in.; 
gyratory from 4- to 1.5-in.; 4- and 5-stage roll crushing of middling from 2-in. 
to 0.12-in. ConceNnTRATION: Coarsest material divided into middling and 
tailing on high-intensity pulley machines; medium-coarse material treated on 
low-intensity drum machines making concentrate and middling; medium-fine 
material treated on series-type belt machines (low- and high-intensity) making 
concentrate, tailing and middling; finest material concentrated on parallel- 
type (low-intensity) belt machines making concentrate and tailing. All 
middling re-ground before re-concentrating, except that the middling of one 
low-intensity drum machine in the middling section is divided into tailing 
and a middling for re-grinding on a high-intensity pulley machine. 
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Joker-shaft ships Ore from other sources 
Shaking feeder, 2 pickers (a) 50-ton ¥.R. care’ 
Lump ore Waste Mill ore 50-t an bin 
R.R. cars 5-ton cars R.&. cars Pan conveyor Skip fhoist 
Dump Dump 1 @ 18x30-in, jaw crusher, get 4-in, 10-ton fopper 
waited i at 500-ton steel bin 1 @ 18x30-in. jaw crusher, set 4-in. 


Alternatives 


1 @ 26-in. continuous-bucket belt elevator 
1000-ton concrete storage bin 


1@ 50-ton self-propelled car 


50-ton hopper 
1 @ 16-in. (diam) x20-in. roller feeder (b) 


1 @ 24-in. belt conugyor with 
Merrick weightometer (c) 


1 @ 32-in. continuous-bucket belt elevator (d) 
1 @ 1.5x10-ft. inclined stationary screen, 0.75-in. rd. holes (e) 


(+) su 
] @4x10-ft. revolving sectional screen, 2-and 0.75-in. holes 
a a a on ee | 
+2-in. + +0. 75-in. Lore 
2 @No. 5K “Gates gyratories Alternatives (i) Alternatives 


2 @ 30x14-in, B.-N. drum separators (f) Storage Bia 
M (h) C (9) 2 roll feeders 
2@ 36-in. (dane ) x24-in. B.-N. pulley separators (}) Conveyor 
M ab 
| — Conveyor 
Alternatives Alternatives Tower bryer (k) 


M lf low phosphorous is desired 600-ton concrete bin 


Alternatives 


1 @ 26-in. continuous- 
bucket belt, elevator (1) 


? ; 1 @ 4x16-ft. revolving sectional 
1 @ 42x16-in. rolls, set 0.75-in. screen, 0.75-and 0.25-in. holes 


eee 


+0.75-in. ~ 0.76 +0.25-in, 
me ‘ Alternative 
1 @ 42x16-in, rolls, set 0.75-in. 4 @380-in. (diam.) x14-in, drum separators (f ) 
—— 


M a 
4@36-in. (diam.) x24-in. pulley separators (j ) 1 @ 6x8-ft, Newaygo screen, 6-mesh 
eer es 
M th 


) AS 
4 B.-N. low-intensity belt machines (m) Py 
i> eae EE Pere ee ee | 


M C 


4 B.-N. high-intensity belt machines (n) ie 
SS ee eee 


Wi Ei 


2@ 40x15-in. rolls, set 0.25-in. 


2 @ 40x15-in, rolls, set close 4 B.-N. low-intensity belt machines 


4.B.-N. high-intensity belt machines | } a 
RS eee RET? bh ONes Lie LA ee 


T 


= 

a, One man picks lump ore only; the other, lump ore and waste. 6, Corrugated face, 
10r.p.m. c, 250 ft. long; slope, +2 in. per ft.; 330 ft. per min. d, 80-ft. lift, 10-ply belt, 
350 ft. per min. 30 X 12 X 16-in. buckets. e, 3-in. steel plate, 40° slope. £ 16 poles. 
8 amp. @ 125 volts. g, 63 per cent. Fe. h, 25 percent.Fe. i, Depending upon char- 
acter offeed. j, 24 magnets. 25amp.@ 125 volts. k, See Sec. 18, Art. 3. 1, Lift, 80 ft. 


10-ply belt, 350 ft. per min. 24 X 10 X 14-in buckets. m, 12 magnets. 6 amp. @ 125 
volts, mn, 12 magnets. 9 amp. @ 125 vorts. 


Fig, 85,—Witherbee, Sherman Co., Mill No. 5. 


— <<< 
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Tunnel 
16 to 20 @ 2-ton care pér train, electrie locomotive 
400-ton bin (a) 
Shaking feeder 
1 @ 24x26-in. jaw ‘rusher, eet 3,6-in. (5) 
1 @ 20-in. belt conveyor with Merrick weightometer 
700-toh bin (c) 
1 @ 24-in, belt:bucket elevator 


1@ 4x10Ft. revolving sectional screen, 2-in. and 0.75-in. rd. holes 


a ~0.75-in. ~2-in. 0.75-i1 
2@WNo. 5k Gatez 
gyratory, set 15-in. (e) Tompecio (5) 
1@W-in. belt-bucket elevator 
Mternatives 
1000-ton bin (c) 1@ 2-in. belt conveyor 
1 @ 2-way divider 


1 @ 4124-fL and 6x16-ft. zectional-compound revolving 1) @ 4:24-ft.and 6x16-ft. cectional-compound revoluing 
screen, 0.755 0.28,and 0.25-in. rd. holes screen, 0.75 0.2&and 0.25-in. rd. holes 
co). we. a aA Se P des i — r cs es 1 
7 5-in. “O75 + ee ~0.28. + 0,25-in. -0.25-in. +0. o 0.75. +0 .38-in. ~-0.38.4 0.25-in, ~0.25-in. 
f bin 77 4 Bin Bin 
7 B.-H. pulley 1B.-N. drum 1£.-. drum 1 B.-N. pulley 1B drum 18-4 drum 
machine (g) machine (k) machine () machine (g) machine machine (k) 
—<————9 pete 
Ly) MG) £ & MW Lh) MW .’ £ c M 


1 @ 42116-in. rollz, 1 @ 40x15-in. rolle, 1@ 40x16-in. rolla, 


1 @ 42116-in. rolle, 1 @ 40x16-in. rolls, 1 @ 40x18-in. role, 
set 0.5-in. (7) 2et 0.25-in. (j) set close (j) 


eet 0.5-in. (j) set 0.25-in. (j) set close (9) 


1 @ bxé-Ft. Newaygo screen, 6-mezh 1 @ Gx8-ft. Newaygo ecreen, 6-mesh 
NASCAR Nl 


2 (+ } P @) P +) oe 
8 serics-type belt machines 2 parallel-type belt machine 2 B.-N. series-type belt macnines 2 B.-N. parallel-type belt machines 
ny (5 —— ee 
r a & Lie r mC l 
= = = = = = 


i= 
1@ 40115-in. rofle, set cloze (j) 1 @ 40115-in. rolls, set close 


1 @ 24-in. belt-buchet elevator (m) 
1 @ 42-in.116-ft. revolying screen, 0.75, 0.28+0.25-in, rd. holeg 
PPT a > ay ea id .. AE. 
~0.75 +0.38-in, +0.75-in, ~0.38.+0,26-in, -0.26-in, 


2@ bxBft Newaygo zcreene, 6-mesh (1) 


a. ) “ 
GB.-N, serice-type 4BM. parallel-type 1 B.-N. pulley 1 B.-N. pulley 1 B.-N. drum 
belt machines belt machines machine (g machine (g) machine 
hi Tt & Sout é 


= 


1 BAN. piles machine 
| 2 @ 42s16-in. role, set close (j) 


| a, Flat-bottom, wood. Air gate. All —18-in. rock. 6b, See See. 3, Table 5. c, Con- 

crete. e, See Sec. 3, Table 15. f, See Sec. 18, Art. 3. g, See Sec. 13, Art. 4. h, 6 per 
cent. Fe. i, 18 per cent. Fe. j, See Sec. 3, Table 22. k, See Sec. 13, Art. 5, m, 12-in. 
buckets in 2 rows, staggered. 


Fic. 86.—Witherbee, Sherman Co., Mill No. 4. 


Replogle Steel Co. Fig. 87. (Q) 


Location: Dover, N. J. 

Ore: Magnetite and martite (Fe2,Oz) in gneiss. Fine crystallization. 

Capacity: 2360 tons per 24 hr. aver.; 4800 tons maximum. 

Assays, per cent. Fe: Feed, 31; concentrate, 60; tailing, 7.5. 

Recovery: 87 per cent. 

Ratio of concentration: 2.2:1. 

General: Sloping mill site. Material dry during most of the milling. Note the large 
number of elevators and conveyors. 


| 
Summary. Dry magnetic separation of closely sized grades through 


0.12-in. followed by table concentration at —14-mesh of magnetic tailing and 
re-ground magnetic middling. Crusuine: Jaw crusher from 30-in. to 9-in.; jaw 
crusher from 9- to 3-in; disk crusher from 3- to 2-in.; rolls from 2- to 0.75-in.; 
disk crushers from 1- to 0.38-in.; rolls from 0.38-to 0.12-in.; rolls from 0.12- to 
0.08-in. ConcENTRATION: Belt- and drum-type low-intensity separators mak- 
ing concentrate, tailing for gravity concentration and coarse middling for 
re-grinding and further magnetic treatment. Gravity concentration on sand 
and slime tables with re-concentration of primary-table middling without 
re-grinding. Sand tailing is de-slirmed and sold for building sand, 


Run-of-mine 
Underground ore pocket 
1 @ 60-in. pan conveyor (bk) 
1 @ 30142-in. jaw' crusher, set 9-in. (a) 


5-ton balanced Skips 
100-ton head-frame ore pocket 
1 @ 48-in. pan conveyor (5) 
dU 


$0)| 
1 @ 5x1 2-ft. and 7 %x10-ft. compound revolving stone screen, 4-and 1% -in. holes (c 
+i, ~#41%-in. (24) G) 
1 @ 24x42-in. jaw crusher, set 3-in. (d) 1 @ 16-in. belt conveyor (f) 
: 1 chain-bucket elevator (9) 
1 @ 48-in. pan conveyar (@) 1 @ 5x5-ft. fower dryer (h) 
| (116) 


J @ 48-in. horizontal-spindle disk crusher, set 2-in. (1) 
1 @ 24-in. belt conveyor (3) 


1 chain-bucket elevator (k) 

2 @4-ft. double-surface Hummer screens,_1.12-in. and 0.12-in. openings (0m) 

F7.12-in. —1.1240 12-1. & 
.' a aa 

1 @ 16-in.'belt conveyor (g) 
(72) 


(So) 
1 @ 24-in. belt conveyor 

1 @ 54x20-in. rolls, set 0.75-in. (n) 

1 @ 24-in. belt conveyor (0) 

1 @4-ft. single-surface Hummer 
screen, 1.12-in. sq. opening (p)(m)> 


? chain-bucket elevator (s) 


| 1 @ 20-in. belt conveyor (r) 
~ (178) 


1 chain-bucket elevater (s) 
(212) 
. doudle-surface Hummer screens, 0.38 and 0.12-in. opening (t)(m) 


0.38 (76) 
2 @ 48-in. vertical-spindle disk crushers, set 0.19-in. (x) 


6 @ ¢ft. single-surface Hummer screens, 0.12-1n slot opening (w)im) 


#0.12-in. (40) . : 
‘ 7 @ 20-in. belt conveyor (z) with weightometer 
1 @ 54120-in. rolls (z)" © wal\i wane 


1 @ 20-in. belt conveyor (y) 


8 @ ¢-ft. double-surface Hummer screens, 14-and 20-mesh (aa)im) 
SS ee 
+14-mesh (60) ~14+20-mesh (60) ~20-mesh (20) 
2@ 16-in. bait ‘conveyor (ab) 2 @ 16-in. belt conveyors (ac) 2 @ 26-in. belt separators (af 
4@ 26-in. belt separators (ad) 4 @ 28-in. 2-drum separators (ae) 
(10) a é a zy 


(50) 66 
1 @ 16-in..be/t conveyor (ag) 2 @ 16-in. delt conveyors (as). @ 76-in, best Seeing (ah) 
1 belt-bucket elevator (a)) 
4 @ 42116-in. rots, set close (ak) 


2 @ 16-in. belt conveyors (al) 
1 delt-buckat elevator (am) 
1 @ 4-/t. and 3 @ 3-ft. single-surface Hummer screens, 14~mesh opening lan) 


3 @ 2-drum separators (as) (50) 
o 


«2 1 @ 16-in. “belt conveyor (au) 
1 @ 18-in. belt conveyor (av) 


+) 
4 ® 16-in. Sie conveyor = 
1 @ 16-in. belt conveyor (ag) 
@ aia q 


1 @ 42x16-in. rolls. set close (ar) 1@ Paine eoneevor tat) 


1 belt-bicket elevator (aw) 
7 @ 18-in. belt conveyor (ax) with tripper (ay) 


8 @ I-spigot /aunder classifiers (az) 


Ge, IEE ERE e soles omer) Sera: ’ : 
Spigot products (42:44) Ouerfiow ($.9-5.5) Storage bin 
8 @ 2-deck Barfield tables (ba) 8 dewatering cones 


——V—_—————— 
@ (10.5) M (22.6) Spigot Ove! 


2 @ 36-in. Federal Espéranza 


T (8.6) 8 Deister sand tables (dd) 8 Deister slime tables (be classifiers (be) 
R é T USSR SE 
(16.0) T € (Q8-0.9) (4.1-4.6)7 Dewatered tailing Overflow 


Alternatives 


2:@ 12-in. Federal Esperanza classifiers (bd = en ee a ee 
Seen ehrererer nrerunae Oreegrers USF 1 @ 18-in, bell conveyor (8k) 1 @ Te-in. belt 


Overfow (Y)_Dewatered cone. Tailing pile conveyor (bj) 
1 @ 16-in. belt conveyor (bf) 1 @ 18-in. belt! conveyor (dl) | Shapes bes 
(dg) eee 


1 @ 60x12-ft. Dorr thickener (bi) 


1 @ 16-in. belt conveyor (bg) 


Shipping bins Spigot Overfiow 
2-in, Wilfiey sand pump Mill-supply tank 
Slime ‘storage 


Fie. S7.—Replogle Steel Co. 
() Numbers in parenthesis are tons per hour. 
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a, Underground. 200 r.p.m. 442 tons per hr. 
+20° slope, beaded pans, 12.3 ft. per min. 
1% X 2'%-in. slots; both punched-steel plate. 
100-hp. induction motor. 
e, 30 ft. long, 35 ft. per min. + 16° slope, single-beaded pans. 


r.p.m. 


IRON 


12 r.p.m. 


100-hp. motor. 
c, Inner screen, 4-in. round holes; outer, 
Slope, 114 in. per ft. 
Power draft ranges from 10 to 90 kw.; average, 18 kw. 
f, See Table 61. 


6, 31-5 ft. long: 


145 


d, 218 


g, Single- 


Table 61. Belt conveyors in Replogle mill 
: Pulley diameter, inch 
pen sage Slope, Speed, feet | Number of ¥ dlamete ee 
letter | pulleys, feet degrees ahah ssigey Rela pies Head Tail 
nA 29.6 +4 138 4 20 18 
i 9.9 +6 172 5 18 18 
7) 25.5 +22 198 5 14 18 
q 36.3 +2 to +18 123 4 154% 17 
T 13.1 +22 190 5 18 18 
y 57 a 0 214 5 24 20 
z 157.6 +16 245 5 24 20 
ab 39.9 +11 154 4 18 18 
ac 23.0 ae11 151 4 18 18 
ag 80.9 0 194 4 24 18 
ah 77.4 0 186 4 24 18 
a 41.3 0 165 4 18 24 
al 35.1 0 159 4 18 18 
ap 40.2 +16 215 4 18 14 
aq 38.7 +16 207 4 18 14 
| at 61.6 +2, 10, 15 158 4 18 24 
| au 64.9 +2, 10, 15 158 4 18 24 
| av 72.6 0 123 4 18 16 
| ax 65 0 314 4 3 24 
| bf 104.5 0, 4, 10 192 4 18 18 
| bg she se 0, 15 188 4 18 24 
| bh 97.7 0, 4, 10 192 4 18 18 
| bj 268.4 0,15 109 4 18 24 
| bl CLAD ae ea CN a ie == 120 4 18 18 
| chain type. 65 ft. long, slope + 84°, 200 ft. per min.; 14 X 8 X& 12-in. 8-gage steel buckets 


spaced 12 in.; manganese-steel chain. A, 45 ft. high. 
See Table 63. 
is in place as a stand-by. 


See Table 63. j, See Table 61. 


| 37; upper screen square mesh, lower rectangular mesh. Slope, 38°. 
motor-generator set for 23 screens. 
900-r.p.m., 109-amp. Motor: Western Electric, 3-phase, 60-cycle, 440-volt, 
. 10-hp. n, See Sec. 3, Table 22. 0, See Table 61. p, See Table 64. 
r, See Table 61. s, Double chain. Length, 61 ft. Slope, 78°. 


24 * 9 X 1134-in. spaced 2 ft. Manganese-steel chain. ¢, See Table 64. 
induction motor each. Power draft, 7.5 to 25 kw., aver. 15 kw. 


14 per cent. moisture in feed. 
i, Main pulley, 100 r.p.m.; eccentric pulley, 250 r.p.m. A duplicate crusher 
k, Double-chain type. 
long, vertical, 150 ft. per min., 8-gage steel buckets, 24 * 9 X 12-in., spaced 2 ft. 

See Table 64. m, One 
Generator: G. E., single-phase, 110-volt, 15-cycle, 


61 ft. 
l, Type 


12.5-amp., 


g, See Table 61. 
10-gage steel buckets, 


u, 50-hp. 


See Sec. 3, Table 20. 


v, See Table 62. w, See Table 64. x, 2 sets installed, one held as stand-by. 104 r.p.m. 
Table 62. Belt-bucket elevators at Replogle Steel Co. 

Length, Diameter 
Buckets, inches Buckets A r. d 

pee, Width Speed, eee of pulleys 

= of =|) feeve |=eag BelitsSlope; |Mee< 08 «| tren 

Ae belt, per hee Spac-|Plies|degrees sone 
ee inches |} ength | Width |Depth|minute ing pulleys,| Head|Tail 
ber we feet 

| 0 26 30 9 1134; 150 10 13 8 78 65.3 37 |29% 
ay 16 14 8 12 200 8 13 8 8314) 46 32 |24 
am 16 14 8 12 200 8 12 8 76 54.2 32 (24 
aw 15 14 8 12 200 8 12 8 70 57.4 32 (24 

| | | | i] 
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Table 63. Screen analyses of products in Replogle mill 


(ad) (ae) (af) (a9) 
Prim- 
h)* 7 ey 
Ti ate I Yaa Capo nai | Sone at | So 
Cc - . - : - . - 
trate aune | trate oe fl rate | bl trate 
BE Ole carte 2 PAs ee I Gacsme eee, azascc SNe ~ Caaaawalnmde ¢ cain Mme tele cep rete 
+ 1188iin...). 5! Tiler eeGen Mir ee. 1 ne SN eee iem. axel t \ 
0276 ities ooo oo.7 OX oS sa al ac eEearn PCReaDRENSS (ERMC (ciao Weert es) ores ee 
Ose ines ero 33.4 BOGS ee leer aw beets BAe, ew Re oe SET ea 
QSR2 sine aie. 6.1 ie nn Ra's) Games| Buel fe |IORer oneaee (ler aaiy e [ence oy llety cae: 
10-mesh....... OF 0.6 25. CORTSS 49 beets arene eee Oy. oho oct es ae 
20-mesh...>... 1.8 26 31 S44 Od SS? BOC 2 Re eds 15.5 
40-mesh....... 6.2 2.3 28 ORS) “SOPRS|H37 7451" 2616 NE 32 9b) (32-9) 
60-mesh....... A 2.4 6.8 5.5°| 14,6 | 23.7 | 4832 | 40.0,.) 26.0 
80-mesh....... ge SR Way ap sn 2.0 i Pe! 3.8 | 4.4 8.) 7.0 
100-mesh....... OG A ee sie 3 1.5 0.5 1.4 3.4 4.4 5.8 o.¢ 
Through last 
BOOS imag 6 aon 4.6 0.5 4.4 gy (am es es ge 16.4 1 13.2 | 14.9 
(ah) tai) (as) Re-treatment drum (az) Launder 
Primaty | Primary separators classifiers 
tailing | middling 
H F Cc ap F s oO 
cS SDV ha ey races one, | een cr cers 2 eel ER eens) Seco | mar mere! es BORN ees sop, Somme tagtac ove, 2 
Se Lee. Bess ei Si igemanc oars w |S» eet. axe ata Sth lope che eee ee ne eae clot tie ct Seales cre 
[Oar As tr ae eee Pc eee IM Re) 5 cits ss ecaceeaMc Sl(rcr core uch eee ae nee Ree ease Mae EAE ter, 
C13 eee esa) Nhe aati a UE, Seagate PARAMS <P HAMPER 29 PNR Ke De OU eee BE nS 
(O73 Otc Wee Seren ROSE. il ls eee er nen (earn! (Pennie a | rN s ) Oe a ene cee ewe ey Sc 
WOES: ers. a:<| ger ceseue ae 3 foe: Home teers es | Rieccbocs'Ilscsccpe: ote ta || on ee ee | ROO kote, ro es 
20-mesh....... 14.6 44.9 36.7 22.3 28.7 292 25.2 8.3 
40-mesh....... 44.8 11.8 29 .6 34.0 31.9 3272) 35.3 15.0 
60-mesh....... 31.4 5.5 26.6 21.4 15.8 16.1 2.2 Liat 
80-mesh....... 3.4 ak 4.4 7.9 6.2 5,2 @alel. bose 
100-mesh....... 2.0 0.5 0.4 4.3 3.2 3.3 Bh 3.3 
Through last 
screen........ 3.8 220 2.4 10.0 14.3 14.0 Mad @ Lai 
(ba) Garfield (bb) Deister | (Of) | (69) | (bh) | (bi) 
tables sand tables Wet Total Wet- | Wet- 
mill mill | mill | mill 
con- | con- | sand | fine 
cen- | cen- | tail- | tail- 
F) Cc M T |F) © T trate | trate | ing ing 
F210 Uo pce ete Sell oe ol ore al rarche. «Soa stares seer e | ee ee eee nerd ths Se Louotl eee, ees Rie te atts Seer een ea 
AST Orin eect L |. o4 te Cheek Ae ha etal ans eee eee. 
Ov Sains. ha. Sara Roe. LSS be aap Rea HRM tI e-PRO in SE se 
OND t OIA Cent erat teal are EO, ot death oe ieee. tt eee gl eee 
Oecd ring). 08 tenets Gitomer er kererese lest .auagle | browne |ecee ee eee aL em 
TOsimesh: 2-4. 8 Pal eseantee ep tte sooner eet | paar IN Meee «oe 3.9 =r beatoit (Om 
20-mesh,...... 12.8] 22,0 | 53.8 32.5 | 17.4 LDF 4e3|- 20112, |e S2EGIn ME oo 
40-mesh....... ~| 33.3 | 34.3 | 40.4 SI PS5sOEI42"Oulso dled os Ay Gale oben 
60-mesh....... w| 27.6 | 23.8 4.2 S| | DOF 27 2) 285612352 9.4 eve 
80-mesh....... 3] 10.8 8.2 0.5 |S 4.5 dee 7.4 6.5 3.4 1.0 
100-mesh....... ol) 4.91) 3739 0.1 oles, Oniee2888)) 4.6 | ote eO | 2.6 
Through last zB Rn : 
screen........ 10.4 8.5 1.0 15.1 3.4 4.7 6.0 1.0 | 94.7 


* For letters in column headings, see notes to flow-sheet. 
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1 @ 300-hp. induction motor for 2 rolls. Power draft 35 to 70 kw. (of which 25 kw. is for 
shafting). See Sec. 3, Table 22. y,See Table 61. z, See Table 61. aa, Slope, 35°. See 
Table 64. ab, In parallel. See Table 61. ac, In parallel. See Table 61. ad, Double- 
deck, double-belt; parallel type, 10 magnets per deck. Magnet belts, 335 ft. per min.; 
feed belts, 209 ft. per min. Feed, 31.37 per cent. Fe. Concentrate, 61.09 per cent. Fe. 
Middling, 27.01 per cent Fe. See Table 63. ae, Drums, 36 in. (diam.) X 28 in. 49 
r.p.m. 14 magnets per drum. Feed, 33.35 per cent. Fe; concentrate, 61.98 per cent. Fe; 
tailing, 22.43 percent. Fe. See Table 63. af, For mechanical detail see ad. Feed, 32.69 


Table 64. Screens analyses of feed and products of Hum-mer screens, Replogle mill 


Nos. 1 and 2 (I) No. 3 (p) Nos. 4 to 9 (¢) 
Testing screens ; 

F O; Oz U F oO U F O; Oo U 
Bo-Inh races. .scilas TG SA GOVE ORO (OTN PR NA iS TE, eS ve 
Heo a Bs. ss cies 2 OF Soe Mull ee ll cence, » LOMOSASA Taha gobs oodles An Gy Settle Wer, eo 
ORTON. Td: a.-3s oe Py Ae Ga | ce ICY) Mee (ea 20, SNAG 4A 38) Be Gu Soya er ere 
Opstanirds:..m as. SA HOES) | 3014 leon ZO" 250 VATS | BOM OS Ors me am ene 
OPMQ-in'. TA... cds. ORF ae os 6.9 | 2295 9.09 OFA 1012/18 4 A770 [44 vo 7. 4 
MOEMIEST Sc... sicul Ase Oe) ee ae Oss), GE27 FPO. Faces 1.8) 5.2] 0.2/23.0| 9.8 
DOCINES Ne awe sucte ste. | ches ol tie g lee wise 2 I a | a es Sale Sil) OFA at bil 2s 2 
AO SMES ay sala tus lasls Alero « ales 2 2 Pi a aay fila Wal cb SES V2 56M 5.4} 24.6 
Meare ert acer sect a axeic|iats ees | eben: aah 23 NN ea SES ee 1 es Jali (CCl be ae 2.2) 20.0 
PRETORIUS ll Awe dh carat esl ks aS Pan Ua erates jaune! aye ACB 3 Re 0.8] 3.2 
LIDDESEP OE AGS eM aene | espe leseeemmere! irewea 2 One Dae ae Oro Oo eet. ue 0.4) 0.8 
mbhrough last ’screen...|' 24.) 0.2) 2.0.\00.2) 4.27" 0.8] 2.11"0.8) 124) 29.9) 450 
Screen aperture.....|..... L125) 0 .Y2 gic e es j ipa) 2 | haeteepe bs Seay as 0 .38- 0.1 2-). hae: 

in in in. in in 

Nos. 10-15 (w) Nos. 16-23 (aa) Nos. 24-27 (an) 

ie O U F Ox Oz U Fr O U 
SET RETCEE ST RENAE. mr: |e hee acces ia avy alice > OLS] Baroeierahe: daleree|: vo ude ae tence ie 
Ae Th or Cl ad eR | ME Ph is! 5 0:0! wsolftssa-ioscc. «Ane I eal |e erie) oso lvererverere Pleo ore ora [ne og eres A oreo 
Digg STA: COSY Ne a eae ae oe ee ed Oe Pe ree reer (eee es ie ae 
(EY SRE fs Daa EPR. i OR sneha octane o: Bea)|l oleae <o NSP RE ok NI RRM Le Gee ale ate g 
Operant rds. ..r. aredeailectone + 62-8-eesticrless . hus 1 Cte | Eee nea eee ts) Reentry |) ae Bal le ce ee 
MOMS Do. 6k x glares @-17.8:).0.2] 13.7 Sel ied) sted Ne) [vgs laaeen oS Saal oy: Sy ee 
20-mesh , . «sete. ° 8. 863004 | 21.05) 4274) 14.65)... .00, 41.6] 51.0 | 36.7 
AOamesh . oc... «ss Sa 0242847) 27.5 | 20.4 | 37.5 1-38-04 48-2 3.6 | 29.6 
60-mesh........... Bol 0.1 pies 1-87 ye sett sued) 27) Soper em 6 | 68g 
SO-meshy. oa... 4 ee enn 6.1) 18.07 3/3 7.67 10.7). 2.6) 0 gl ala 
HOO=meshi shy. ss. Abilene” et 5 eae eee Sl konto br, Ot (ele at ae oe 0.4 
Through last screen. . lin gel 0275 i Wesel i Ee 5.8 6.8 | 22.6 8.5 Hah 2.4 
Screen aperture.....]..... he 2 harieeens a fee oe En 14- SOS oP Ni rare al Wee 146.0 

in. mesh | mesh H mesh 


per cent. Fe. See Table 63. Concentrate, 59.12 per cent. Fe; tailing, 19.90 per cent. Fe, 
ag, See Tables 61 and 63. ah, See Tables 61 and 63. ai, See Tables 61 and 63. aj, See 
Table 62. 50-hp. motor. ak, 120 r.p.m. 1 @ 150- and 1 @ 100-hp. induction motor. 
Average power draft, 37.5 and 30 kw., respectively. See Sec. 3, Table 22. Two extra sets 
of rolls as stand-bys. al, See Table 61. am, See Table 62. 25-hp. motor. an, 2 @ 32° 
slope, 2 @ 35°. See Table 64. ap, See Table 61. In parallel with ag. ag, See Table 61. 
In parallel with (ap). ar, 120 r.p.m. See Sec. 3, Table 22. One extra set for stand-by. 
as, 2 with 36-in. (diam.) X 28-in. drums, 45 r.p.m. 14 magnets per drum; one with 30-in. 
(diam.) X 42-in. drum, 34 r.p.m., 27 magnets top drum, 45 magnets in bottom. Feed, 
26.77 per cent. Fe; concentrate, 57.35 per cent. Fe; tailing, 20.64 per cent. Fe. See Table 
63. at, See Table 61. au, See Table 61. av, See Table 61. aw, See Table 62. ax, See 
Table 61. ay, Self-propelling, self-reversing. az, Feed, 20.75 per cent. Fe. See Table 63. 
ba, 240 r.p.m. Feed, 20.75 per cent. Fe; concentrate, 58.96 per cent. Fe; middling, 11.03 
per cent. Ie; tailing, 7.67 per cent. Fe. See Table 63. 6b, 240 r.p.m. Assays, per cent. 
Fe: Feed, 11.03; concentrate, 58.01; tailing, 7.32. _ See Table 63. bc, 240 r.p.m. fssays, 
per cent. Fe: Feed, 12.55; concentrate, 55.37; tailing, 3.86. Pons per table, 0.62 to 0.68 
per hr. bd, Single-chain type. 11.7 ft. ¢. to c. of sprockets, 22° slope, 6 X 12-in. blades 


148 METALS AND MINERALS Sec. 2. 


spaced 14 in. 13 ft. per min. On test, overflow from 2 machines was 165 gal. per min. 
carrying 38.64 tons solid assaying 33.27 per cent. Fe. be, Double-chain type, 11.7 ft. 
c. to c. of sprockets, 22° slope, 6 X 36-in. blades spaced 14 in. 35 ft. per min. bf, See 
Tables 61 and 63. 6g, See Tables 61 and 63. bh, See Tables 61 and 63. 6i, 5 min. 
perrev. Aver. tons solid feed per hr., 3.25. Feed pulp, 1.55 per cent. solids; spigot product, 
33.02 per cent. water; overflow, clear water. Assay of solids, 11.21 per cent. Fe. See 
Table 63. bj, See Table 61, and bA, Table 63. bk, 121% ft. long, +15°, 8 ft. per min. 61, 
See Table 61. In tunnel under tailing pile. For reclaiming sand tailing for shipment. 


Mesabi Iron Co. Fig. 88. (Q; 23 LSMT 111.) 


Location: Babbitt, Minn. 

Ore: Magnetite, in ferruginous chert (taconite). 

Capacity: See flow-sheet. Ultimate planned, 75,000 tons per 24 hr. 

Assays, per cent. magnetic iron: Feed, 26.5; concentrate, 61.75; tailing, from 3.1 to 
10.8, average 8.2. 

Recovery, magnetic iron: 80 per cent. 

Ratio of concentration: 2.9 : 1. 

Distances: Mine to mill, 3 miles. 


Ore from steam-shovel pit (c) 
72-cu, yd. side-dump cars 


18-ft. Dorr bowl classifier (l) 


1 @ 250-ton pocket Sqnd Ouerfiow (b) 
1 @8-ft. apron feeder Wet magnetic cobber (k) 

1 @ 48x72-in. jaw crusher, set 10-in. ; C : 

1 @ 36x54-in, jaw crusher, set 4.5-in. Waste De-magnetizer 


Grizzly, 2-in. spaces 1 @ 8x22-ft. conical ball mill 


©) 2 @ 9-ft. Dorr bow! classifiers (m) 


400 to 500 tons per hr. 


as) , 
4 @ No. 9 gyratory crushers, set 2-in. 


F Ouerfiow (b) Sand 
1 @ 48-in. belt conveyor m 
1 @ 10,000-ton stockpile 5 @ 6-ft. magnetic logs. rake type 
=a = SE SS a See 
150 tons per hr. 150 tons per hr. C0) T(i) 
Fevers Duplicate unit 5 @ 6-ft. spiral-type magnetic logs Waste 

EE ES = 
T Cc 


1 @ 30-in. belt conveyor 


' 
1 Mitchell screen, 2-in. openings 20: tons per hr. 
SSS a 


ES Fuel (n 1 @ 30-ft. Dorr thickener 
G@) 1 Mitchell screen! 1.25-in. openings Sia ‘ Gayo 
Be lat ALLE LA 
H 


@) 

2 Hummer screens, 
0,5-in. openings 

+) sy) 


2@ 5x6-ft. Oliver filters Whete 
——- 


Cake (0) Filtrate 
Cake breaker 


Magnetic grader 
T c 


2 magnetic cobbers 2 Hummer screens, 6-mesh| ; 
an ee ee ee ( eenaaaeheaeaiectaaaeeat” | ‘ F 
T Cc 4h) C) 1 @ 42-in. x65-ft. Dwight- 
Lloyd sintering machine 


Toothed rolls, set 4-in. 


Trommel, 0.75-in. apertures Water 


2 magnetic cobbers 700, 000-ton stockpile (e) 
Ff (6) 30 tons per hr. 


18-in. belt conveyor (+) (p) iG) 
78x20-in. rolls 1 @ 6x22-ft. Dorr duplex classifier 1 @36-in. pan conveyor — Wet trommel, 0.25-in. holes 
reer, 
Ehchoieect Sand Overflow (a) RR. cars. (+) ©) 
storage bins (d) Wet magnetic cobber (k) 
Market a0) i 
De-magnetizer Sand bin (f) G90 feRosethiohones 
Spigot Overflow 
2 @ 8-ft. x22-in. conical ball mills sedis ee “ 
ft. lex el 
4 @ 8x22-ft. Dorr duplex classifiers Overflow (a) 
Sand De-magnetizer 


a, —48-mesh. 6, —150-mesh. Assays, per cent.: c, Mag. Fe, 26.50; weight, 100. 
d, Mag. Fe, 10.81; weight, 28.4. e, Mag. Fe, 32.72; weight, 71.6. f, Mag. Fe, 8.60; 
weight, 19.3. g, Mag. Fe, 41.61; weight, 52.3. h, Mag. Fe, 45.21; weight, 47.6. i, Mag. 
Fe, 3.10; weight, 12.8. j, Mag. Fe, 61.75; weight, 34.8. k, Rake-type, duplex, 4.5 X 14.7 
ft. 2 6 X 36-ft. raking compartment. m, 8 X 32-ft. raking compartment. n, About 5 
per cent. by weight of anthracite dust, coke breeze or other fine fuel. 0, 11 per cent. 
moisture. p, Fe, 63 to 65; SiOQe, 8 to 10; P, 0.025 to 0.032 and a little Mn, Ca and Mg. 
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Summary. Step magnetic concentration 
with rejection of tailing at each step and 
re-grinding of rough concentrate before clean- 
ing. CrusHine: Jaw crusher from 48- to 10- 
in.; jaw crusher from 10- to 5-in.; gyratory 
from 5- to 2-in.; 2-stage ball-milling, the first 
stage from —2-in. to 48-mesh, the second 
from 48- to 150-mesh. Primary mills in 
closed circuit with 8-ft. duplex Dorr classi- 
fiers, the secondary mills in closed circuit with 
9-ft. bowl classifiers. _CoNceNTRATION begins 
at —2-in. and is carried forward in 3 stages, 
dry, down to6-mesh. Minus 6-mesh material 
igs concentrated wet in 3 stages, viz.: —6 
+48-mesh, —48 +150-mesh and —150-mesh. 

Arrangement of machines is shown in 
Fig. 89. The features of particular interest 
are the arrangement of the breakers in a 
rock pit, 50 ft. square by 105 ft. deep; the 
use of conveyors for all elevation of ore; and 
the use of stockpiles instead of bins for 
storage. 


Fig. 90. @Q) 


Pennsylvania Steel Co. 
(1917). 


Location: Lebanon, Pa. 

Ore: Magnetite with some chalcopyrite and pyrite 
in silicious gangue. 

Capacity: 600 tons per 24 hr. 


Assays: 
Fe Cu, Ss, 

per cent. per cent. per cent. 
Reed iiss, é. 43.7 0.40 1.86 
Iron conc... . 59.0 0.24 0.9 
Copper conc. 36.93 3.66 33.40 
Mailing nares 14.3 0.36 0.23 

i 


Recovery: Fe, 87 per cent.; Cu, 32 per cent. 
Ratio of concentration: Fe, 1.55: 1; Cu, 29:1. 


Summary. Wet magnetic separation for 
magnetic iron followed by tabling and flota- 
tion for copper. 


22. Lead and Zinc 
LEAD, Pb 


Properties. Metal; bluish-white, soft, plastic, 
somewhat ductile, not very tenacious. (See also 
Table 1.) Atv, wer., 207.2.  Oxidizes rapidly in 


moist air, the oxide forming a superficial coating 
which protects the bulk of the metal. Oxidizes 
rapidly in dry air, when heated strongly. Pure water 
containing oxygen reacts with lead to form a slightly 
soluble hydroxide which thus does not form a protec- 
tive coating, Impure waters, especially those carry- 


ee 
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Mill supply tank 
M3.20 & eel 
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Fre. 90.—Pennsylvania Steel Co. 


ing sulphates and carbonates, react superficially, but the corresponding salts, being 
insoluble, coat the lead and protect it from further action. Hot concentrated hydrochloric, 
sulphuric and nitrie acids attack lead slowly; it combines directly with the halogens and 
with sulphur. The ion is bi- and quadri-valent, base- and acid-forming. Lead alloys 
freely with other metals. 

Uses. The principal consumption of lead is as the metal and peroxide in storage bat- 
teries; as metal in cable coverings and as white lead (cPbCO3-yPb(OH) ) in paint. The 
metal, on account of its non-corrosive properties, also finds wide use for pipes, flashing, ete., 
in buildings. Considerable metallic lesd is used for ammunition making, Important lead 
alloys are solder, pewter, type-metal, bearing-metal, and various low-fusing metals. The 
oxides, PbO and PbsO, are used in glass, rubber and paint manufacture. Lead arsenate 
is used as an insecticide, but calcium arsenate is more common. 


Ores. The economic minerals are galena, cerussite, anglesite and pyro- 
morphite. Galena ores comprise the great majority. There are three general 
classes: (a) those containing lead alone as an economic metal; (6) lead-zine 


Table 65. Production of lead in the United States (short tons) (8) 


State 19138 1919 1920 1921 1922 1923 1924 
’ 
ESEOUP 8 GS Po, 152,430 | 150,341 72,000 | 151,028 | 202,245 | 169,323 | 191, me 
LNA hgh! Sain cw. HI 187,802} 89,091 | 117,191 99,707 | 91,487 | 127,797 123,7 
Utah ....6....50.025..f 72,069] 65,102 | 64,006} 51,872} 63,1380 | 104,678} 119, ee 
Culerateres oe <5 <3 ) 42,840) 18,867 | 17,752} 12,104] 11,108} 23,885 25,491 
ATI ROR ere os kona eset } 4,901} 5,407 3,987 | 3,313 7,218 8.828 9,372 
INeGvaAdat 2.o< sess ae | 6,142] 5,958] 8,650} 3,553 4,264 | S044) 8,070 
OEMDOMS .k« cote te } 3,214 49,984) 68494) 46,902] 67,436 59,602 56,017 
NEOnRANS. |. os ose cass | 3.3567  27,5134-43,933 11,565 | 14,551 18,345 | 21,22 
California... ..<.. 471 s4en04 | 2,004] 2,260 6l4 | 3,018! 5,168 | 2,305. 
New Mexico......... | 1,821 | 1A18 | 1,123 3st 1,230 1,688! 2,263 
ARISQODRIE cc 2,639 3,975! 3,841 1,079] 1,323 601 1,973 
ASS er a Pie ee 1,504 7,951] — $427 10,939 | 10,900 | 20,207} 12,895 
Piabors (eben ee 5,518 10,214} 11,391} 2,297 3,779 | 5,920] 7,860 
; ; | 
NTT GEOR eta 436,480 427,825 | 494,347 395,287 | 481,689 | 554,036 582,006 
) i / 


u 
@ Va., Ill, Alaska, Wash., Ark., Ky., Tex., S. D., Ore., Ia., N. C., Tenn, 68 USGS. 
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ores; (c) lead-silver ores. Calcite, dolomite and pyrite are the common gangue 
minerals of the first two classes, quartz of the third class. 

Production of lead in the United States, by states, is given in Table 65. 
World production is shown in Table 66. 


Table 66. World production of lead from smelters (metric tons). (33 MI 437) 


Country 1913 1919 1920 1921 1922 1923 1924 

United States........ 396,000} 412,700} 428,000] 369,100) 432,600] 506,200} 532,700 
IOSIC OH x58 tae Se loiel« a2 109,700} 78,600) 85,200) 60,500) 120,800) 167,100] 161,300 
STORIED ae Gita aes 198,800} 125,700) 175,200} 135,900} 119,200) 127,500] 137,100 
Australias pages 2. 113,700} 84,000 6,100} 57,200} 109,000} 124,000} 130,500 
Canadan:--.0.0: 0240. 17,100 19,900} 16,300) 30,200] 42,300) 50,500! 80,600 
KOMI AINY 5.00 cus ssc 181,100) 51,500} 59,000) 75,000); 73,600) 51,200} 61,200 
Belomate.. 22... heNs. 53,600 4,200) 16,000} 29,800} 43,600} 51,100} 53,700 
LE)LUUA0: SR eer 6,000} 19,400} 24,200) 34,300} 39,800} 46,500) 52,600 
Atalynces..... 2 see, 21,700) 16,500} 16,000} 12,500} 10,800} 17,100] 22,000 
HramCeese ...) . eee 28,800 10,900) 15,100; 15,500} 13,900) 17,400) 21,000 
Others (a@).....:55 50. 36,400} 61,000) 66,800} 59,400} 73,000} 63,000} 117,400 

A OUAL «35 oe bees. 1,162,900) 884,400] 907,900] 879,400/1,078,600/1,221,600/1,370,100 


a Austria, Greece, Japan, Rhodesia, Sweden, United Kingdom, ete. 


Selling. For discussion of the sale of con- Table “G Average yearly selling 
centrate see p. 223. For marketing of metal- Pee of lead.at New York (cents 


per pound). 
lic lead see Spurr and Wormser. Average 
yearly prices of lead at New York (Eng. and Veer Dake 
Min. Jour. quotations) are given in Table 
67. 1913 4.370 
1919 5.759 
1920 7.957 
ZINC, Zn 1921 4.545 
Properties. Metal; bluish-white, lustrous. Cast 1922 5.734 
zinc is coarsely crystalline and brittle. When heated 1923 7.267 
to somewhat over 100° C. it becomes soft, tenacious 1924 8.097 
and malleable; it can then be hammered and rolled. 1925 7.7-10.575a 
Upon cooling, it retains its malleability. This 5 
malleable form, when heated to 200 to 300° C. a Ratise: 


becomes so brittle that it can be crushed to a 

powder. After such heating the metal retains much of its brittleness on cooling. 
(See also Table 1.) Av. wer., 65.4. Oxidizes quickly in air or water at ordinary tempera- 
tures. The oxidation products form a protective coating, however, which resists further 
corrosion. Heated sufficiently in air, zinc burns with a bluish flame. Powdered zinc 
decomposes water slowly at ordinary temperatures. At red heat zinc decomposes water 
rapidly. The impure metal of commerce dissolves rapidly in dilute mineral acids. Pure 
zine appears insoluble in pure acids, but a trace of the salts of heavy metals starts solution 
at once. Strong bases attack zine with the formation of zincates. Zinc ion is always bi- 
valent; it is both acid- and base-forming. 

Uses. The important uses are in coating iron to protect it against corrosion (GALYANIZ- 
ING); BRASS making (zinc, 20-50 per cent.; copper, 80-50 per cent. + small amounts of tin, 
lead, and iron); as a constituent of other alloys such as GERMAN SILVDR (copper, nickel, 
zinc) and WHITE METAL (zinc and copper, zine predominating); in zinc-white pigment; as 
the positive pole or plate in electrical batteries; zinc shavings and dust in cyanide precipita- 
tion; gutters, household utensils, etc., where resistance to corrosion by air and water are 
desirable. 

Ores. The economic minerals are sphalerite, smithsonite, calamine, 
franklinite, willemite and zincite. There are several distinct types of ores. 
Argentiferous and auriferous zine sulphides with or without some lead, copper 
and iron sulphides in quartzose gangue are typical of the Rocky Mountain 


deposits. Sphalerite alone or with galena and, usually, with some pyrite 
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in limestone are typical of the Mississippi Valley deposits. Zine as franklinite, 
willemite and zincite in a white, crystalline limestone is the characteristic 
occurrence in New Jersey. Sulphide ore bodies may be overlain by deposits 
of smithzonite, calamine and hydrozincite. Such deposits are often more 
valuable than the primary sulphides, both for the reason that they are more 
concentrated and that their metallurgical treatment is simpler. 

Production in the United States is shown in Table 68. The United States 
production varies from 40 to 60 per cent. of the world production. Other 
important sources are Belgium, Great Britain, Germany, Poland, Tasmania, 
and Canada. 


Table 68. Zine production in the United States (short tons). (USGS) 


| 
State 1920 1921 1922 1923 1924 

ONahomarvet 55. - ew 219,188 121,372 209,682 242,421 269,137 
Weanisas). Ahead snjver ee 61,069 36,994 56,225 100,969 105,392 
NEw Jersey etc 4c). . JRE 77,371 56,447 73,657 75,227 84,370 
Wiontan ine a2 \ 92,168 11,638 59,535 70,730 61,500 
CGolorada 738. LAG. ORR 24,395 1,180 11,477 26,780 26,000 
PRONMCSSEC). aya aeeeags 19,217 9,692 15,568 15,900 14,376 
WOSCONSIMs cane ee 27,286 3,390 10,952 13,211 14,027 
EVITSSOMUM Aatnivel as time taet 24,422 10,845 16,171 18,265 12,920 
New Mexico: . saeco... 5,300 114 2,250 8,248 10,000 
deh. fw hes iy 13,966 Us 2,055 13,976 7,670 
Nevada... thaceue tae 5,349 35 1,309 7,084 5,501 
INN for NELOYEL Sparc eran Teor arene 5,654 1,572 4,816 8,463 4,664 
Others) (Qo omc: Sune 9,387 3,450 8,487 9,121 5,263 

ot allge tog az ab tiga a 584,772 256,746 472,184 610,395 620,820 


a Ark., Ariz., Calif., Ky., Ill., Utah, Wash. 


Selling. Jor discussion of the sale of concentrate see p. 225. For market- 
ing of metallic zinc, see Spurr and Wormser. 


Table 69. Average yearly prices of Average yearly prices at St. Louis are given 


slab zinc at St. Louis (cents per 


netndika) in Table 69. 
Treatment of lead and zinc ores. From 
Year rene the standpoint of concentration there is a 
great variety of lead and zinc ores, different 
_ rine in the amount of metal present, the relative 
ey ne proportions of the metals, the character.of 
1922 BRT gangue and fineness of dissemination. Each 
1038 66 of these differences has its effect on the type 
tone fe oe es of flow-sheet employed in concentration. 
Table 70is a rough classification, embracing 
TL A RMLOTR NPR poe oPreEaN the principal ore varieties 4nd naming corre- 


iB Range" sponding concentrating plants whose flow- 

sheets illustrate methods of treatment. The 

simple ores, 7.¢., the sulphide ores of lead, zinc, lead-zinc or lead-silver, coarsely 
disseminated and with gangues of relatively low specific gravity, are easy to 
treat. ‘The flow-sheets involve gravity concentration with jigs and tables to 
recover the bulk of the metallic minerals, followed by collective or differential 
flotation for the slimes. The complex sulphide ores consist primarily of inter- 
grown lead and zinc sulphides in roughly equal amounts, usually accompanied 
by pyrite and small amounts of chalcopyrite and other copper sulphides, gold 
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and silver, in quartz or quartz-calcite gangues. Rhodonite, rhodochrosite, 
barite and siderite are frequently present. The concentrating problem varies 
according to the size of the individual grains of galena and sphalerite, and the 
specific gravity of the gangue minerals. When the sulphides are coarsely 
disseminated and there are no heavy gangue minerals, treatment consists 
primarily of selective gravity concentration to collect the bulk of the lead 
with flotation to catch and in some plants separate the sulphides in the gravity- 
concentration tailing. In the past iron sulphide has been most successfully 
separated from blende by magnetic concentration (see NATIONAL ZINC Smpa- 
RATING Co. and NorTHern Ore Co.). At present differential flotation is 


Table 70. Classification of lead and zine ores, based on characteristics important in 
determining concentration 


Mineral- Relative oe 
eee Principal metal or metals seneracte gravity Plant 
teristic nation | f gangue 
minerals 
NEE Ee a, ee ees Pee Coarse Low Federal Lead Co. 
BERK, | PR ene eS ree Coarse Low American Zine Co. 
YASH CRS oo ne eee ae tare Coarse High (a) | Gennamari 
CAG 6 SENIOR cas Sy lsdcusimnuesrecs be-= = Coarse Low Eagle-Picher Lead Co. 
Mead ZING WIT OD seis e,oepsP« exw] “COSTS Low Wisconsin zinc 
Lead,, zinc; ITOD).......,.).%5-. 4... | Medium Low Timber Butte 
Sulphide | Lead, zinc, iron,............| Fine Low Cons. Mg. & Sm. Co. 
ores TOR ITO DE oF. ncn oys G1 «sin asin Fine Low Northern Ore Co. 
WCAC MSU CTI asters oid ge-a ice 2 Coarse Low (a) | Bunker Hill & Sullivan 
Wea diet Vier) fi, Neue ee aes Gye Coarse Low (a) | Silver King Coalition 
Leads zine, silver. pays ee Coarse High (a) | Federal M. & S. Co. 
Reads zines pilver es. ..pces cc ieva- Coarse High Central Mine 
WOAds ZANE TSUN eI coy sxe aires os Fine High Roseberry 
Lead, zine, iron, silver, gold...| Fine Low U.S. S. R. and M. Co. 
Lead, zine, iron, silver, gold...| Fine Low Sunnyside 
z VAD OE ATE tne eo CE eae Coarse Low Wisconsin and Sardinia 
Oxidized | Zinc, iron, manganese.......| Coarse High N. J. Zine Co. 
ores Teads silver Meier cscs Medium Low Amer. Sm. Sec. Co. 
Mead Silvers cr way uetiars ee Medium Low Shattuck-Arizona 
prtred ince. lead, arOl «sd e655 .| Medium Low Royal Asturiana 
sulphide fend silver) COMM... sacnr+ _| Fine Low Chief Consolidated 
and oxide yn ; 


- a Quartz and siderite. Siderite gangue occurring with blende in the Gennamari and 
Federal M. and 8. ores is classified as having relatively high specific gravity, but compared 
with galena the specific gravity is low. 
highly successful. When there is a heavy gangue mineral such as barite, 
siderite or rhodonite, it is not possible to make a zine concentrate by gravity 
methods. ‘The usual procedure under such circumstances is to take out most 
of the lead (usually accompanied by the bulk of the silver) by gravity con- 
centration and then either recover the zinc by collective flotation, tabling 
the flotation concentrate to separate a further amount of lead or, more recently, 
to use differential flotation. When lead and zinc sulphides occur in very small 
grains, so that fine grinding is necessary initially to sever them from the 
gangue and from each other, two general schemes are employed, viz.: (1) col- 
lective flotation of the sulphides followed by subsequent separation by gravity 
concentration; (2) selective flotation. Magnetic separation after roasting 1s 
practiced to separate iron sulphide from blende, electrostatic separation was 
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used for many years on fine granular zinc-iron gravity concentrate at the 
MipvaLz plant of the U. 8. S. R. and M. Co., but differential flotation is now 
almost entirely successful in separating lead, zinc and iron, and will displace 
the older methods. Oxidized ores are difficult for the reason that differences 
in specific gravity between valuable and waste minerals are usually less than 
when the valuable metal is in the sulphide state and simple froth flotation 
cannot be applied. Mixed, i.e., partially oxidized, ores present the concen- 
trating problems of both sulphide and oxide ores. Normally the method of 

treatment is to concentrate in 
stages, first removing unaltered 
sulphide and throwing oxide 


Table 71. Typical analyses of southeastern- 
Missouri lead ores. (After Watt) 


| é Ss Fi 
Osi ee. into the tailing, then treating 
Siceeak. per cent. | this tailing to collect the oxidized 
values. 
{Saree eee 4.32 6.06 
SiO2. 4.83 7.40 Federal Lead Co., Mill No. 
oe ae 6.10 | 4. Fig. 91. (Q; 57 A 822) 
CaO. 30.80 26.70 Location: Elvins, Mo. 
IMG OA sey pita, catenae’ 17.96 13.60 Ore: Essentially galena, rather 
Ses 0.97 1.70 coarsely disseminated in dolomite. 
Varig ice Tea ere ee 0.50 Tr. There is some pyrite and a very small 
NEE COnae cee Tr. Ty amount of sphalerite. See Table 71. 
Ge eit ee 0.03 0.50 Galena particles are generally less than 
COs, by difference. . 32.79 33 67 14-in.; much is less than 14-in., some 
very small. 3-mm. crushing will free 


90 to 95 per cent. of the total galena, 
2-mm. crushing is practically the 
economic limit (with 4-cent lead), and at 0.21-mm. (65-mesh) substantially 100 per cent. is 
free. 10-mm. jig tailing assays about 0.6 to 0.8 per cent. Pb. 

Capacity: 3000 tons per 24 hr. 

Assays per cent. Pb: Feed, 4.75; concentrate, gravity, 75; flotation, 55; tailing, 0.75. 

Recovery: 85 per cent. 

Ratio of concentration: 18.5: 1. 

Labor: 37 tons per man-shift, total. 

Power: 13.9 hp.-hr. per ton milled. See motor list, Table 72. 

Water: 7 tons per milled. 85 per cent. of this re-used. 

Running time: about 90 per cent. of possible. 

Distances: Mill at mine; mill to smelter, 100 miles; water pumped, 1000 ft.; electric 
power transmitted 114 mile at 6600 volts. 

General: Gently sloping mill site. 


Summary. CrusHine: Gyratory from 12- to 3-in.; disk crusher from 
3- to 0.4-in.; rolls in closed circuit with screens from 0.88- to 0.4-in.; rolls, rod 
mills and ball mills in parallel, in closed circuit with screens from 0.4- to 0.08-in. 
ConcENTRATION: Jigging and tabling of primary ore, making tailing and 
concentrate; jigging and tabling of re-ground middling; flotation (combination 
routing) of primary and secondary slimes. 


The principle underlying this flow-sheet is to crush the galena particles as little as is 
consonant with the requirement to free them from the gangue. This because gravity 
concentrate is 10 to 20 ver cent. higher grade than flotation concentrate, is cheaper to 
handle and dry and cheaper to smelt. On account of the large difference in specific gravity 
between galena and the dolomite gangue, the range in allowable size of jig feed is large 
hydraulic classification is unnecessary prior to tabling and only the slime need be removed, 
The variety of machines in re-grinding, tabling, and in secondary-flotation service is signifi; 
cant only of a progressive experimental turn on the part of the management, 


This plant is typical of south-east Missouri lead mills. Minor variations in 
machines and arrangement are, of course, met, and one or two considerable 
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& Table 72. Motor list, Federal Lead Co., Mill No. 4 
————— 
Machines driven | Motors 
| ee ee ae 
iF & | _ | : 
| pore ls =| Ao we ing Horse- 
: = letter on) ber | Synchro- power 
| flow-sheet, | nous [Futbtoad 
Bef | Psteeeee a | 1} 900 | 365 |° 50 
TR yas 2 900 60 10 
; ae COYTALOLY CLUGNCTS. on idn---|-.-.--- . 900 5 5 
; | EUEAL CONVEI Or. 8 Stress d—-|--f 900 860 20 
” ca) Disk crimitesgs rs) Pros loret.' 0552 2. ea 4 900 865 5) 
ean DE COUVEY SMA... --Liaae, g 1 900 260 10 
Med | Beltepnveyor. 2... h 1 9200 865 | 50 
; [ 2 | Satiphing plant . terse re Pies coe. jeeeeeeeey 1 900 360 25 
; i 1 | Belt soahidee 0 i ee iran goa 2 rer | 2} 900 360 20 
me (4 | Ohsking feeders:>,....... 00S: i. 29 
4 | Drag dewaterets..- dea ane 2 / 900 560 
eee ett Plevators ctl od ae ae isn 50 
| hs gas oS ln a a ge c z 
J Seer ttianesek S98 ss ees es q {2-1 ‘900 B65 35 
ea CE Se ree n Bs Sats Noes EE fee ee 
; FO EET. | i an Sine ee oe in 2 | -900 865 | 50 
Beet Tiontesl ball anil... 02... c.f mi i sa | 495 | 125 
ieee ere ee ult t E 
Bee Piatne ibis | we | 2 |e edo 
{ 2 | Centrifugal puraps.........-.-...05-- ' y 2 | 900 860 10 
: 2 | Dewatering wheels...... ee Zz : 1 | 900 860 20 
- B—t- Belt conveyors ee vse es ) aa;ab-} 2 i 900 B65 20 
1 | Drag dewaterer and bucket elevator... ac, ad | 1 900 860 20 
1 _| Centrifugal pump....0-2--4---.--... al ) 1 900 860 20 
a 1 40-4, Dorr thickener....-!-o.ae-c-+--2-|------- 1 / 900 350 5 
4 | 50-f. Dorr thickeners............-. Bae be: 900 850 2 
Peer Centiings pump... ot... --+-f ef 1 1-900 a oo 
e 2 | 2-stage centrifugal pumps...-..-.-_- | am 2 } 900 8 0 2 
BS. 1 Janney cells beers rere ner eee es ; of, ah 13 600 575 se 
1 Centrifugal pump, cleaner-tailing..... ioe oe eu DAM 900 pee ~ 
1} Blower for pneumatic cells. ...-...-2.. a Lobel 900 : : 
1 | 50-ft. Dorr thickener..._.. fd oie eee 1 | 1200 = = 
r— 2 2-stage centrifugal pump, slimetailing |.-... nore inj} 900 5 
| pay 900 360 10 
a5 1 Bucket cletators.ce- sos 55 Ss ai | os 1 os 
1 LAS gt ee Spe en aj | en i o: aa be 
1 | Dry vacuum pump.....¢0005-5-05-. §— 1 00 e448 A 
1 | Centrifugal solution pump.......-..- aj} 1 | 1200 ; 
1 | Air Go eee . aj 1 | 900 860 20 
ies as ee ee me ! ak 1 900 | 360 10 
1 Lowden dryer...----------------.-- : we | = e : 
& 1 Coal elevator (for dryer) ..... .2ersescac|s ss 068ws ' Z 
i spe 900 | 860 10 
Ne fe 1300 | 1730 7% 
1 | A-C-—D-C. motor generator. oe: ERE ere a a oe . 
é 1 | Janney concentrate unloader.....--.-- freee nee : aos = “a 
. 1 | 24in. tailing conveyor..... ar Ears bree ee Lasigi Senna 365 50 
: "| USS (Cae ee es pe ees : } 508 a | ce 
a 2 *| Coarse trommels.- 2-2... deers. --- [aveeeee — ra oe cre 
4 1 | Fresh-water pump > eee jr ec i 
: 


_ di ch as large jaw crushers ahead of the gyratories at one or two 

i 3 the. Bats and ce extensive hand picking at MINE ea 
The primary jaw crushers, where used, are expedients to increase capacity by 
the crushing plants coincidently with the increase in concentrating eo 
effected by flotation. At Mrye LaMorre the galena is deposited a ong 
fractures in a shattered dolomite and is, therefore, less finely dissemina 
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Shaft ships, 4 4,-ton 
90-ton ore pocket 
7 @ 36-in. pan conveyor (a) 
1 @ 2000-ton ore bin (b) 
2 @ 36-in. x8-fi. apron feeders (c) 
2@WNo. 7% fixed-spindle arty crushers, set 3-in. 
7 @ 24-in. belt conveyor with magnets (d) 


2 @ 40-in. x10-ft. revolving tron 
screens, %-in. rd. holes 


4 @ 48-in. vert.-spindle disk crushers, set 10-mm. (f) 


2 @ 24-in. belt conveyors (g) 

7 @ 24-in. belt convegor with weightometer (A) 

Sampler 
Reject Sample (p) 
1 @ 24-in, belt conveyor with distributing tripper (i) 
1@ 3000-lon mill bin (3) 

4 shaking Feeders (k) 

2@ 18-in. bucket elevators (0) 


6 


48-in. x12-ft. compound 
trommels, Jat 


,2-mm. and 15-mm. 


+12-mm. ~12-mm, +2-mm. 
2 @ #6x2¢-in, i hi as 8) 6 @ 25-ft. 4-compartment Hancock jigs (q) 


18-in. 6 chet elevators (0 
gC Sills MY Huten 1, 2 Hutch 3 Hutch 4 
iG M M 
————EE SSS 
2@ 16-h1, bucket 1 drag dewaterers (r) 2 drag dewaterers (r) 
-in. bucke os 
elevators (0) Sand Overflow Sand Overflow 
6 @ 48-in.x9- ft. trommels, | 2 @ 36x78-in. rolls, set close @ 8-ftx30-in. 


2-mm. aperture (m) 


: 1 
1 @ 4x9-ft. Marathon mill (t) conical ball-mill (u 


@) Ge 
4 drag de-slimers (v) 2 Dorr duplex classifiers 


Sand Overflow Sand Overflow 
2 @ 48-in. 13-comp. distributors TN A 


hak If 
soe oe hala tables xe > 2 @ 30-in. 7-comp. distributors 
M uf 14 staking Yables (w) 
2@ 2% x16-in. centrifugal pumps (y) 


————— - 
1 drag dewaterer (ne) 
C.D ee a 
Oewatered concentrate Overflow Sand = Querfiow 
1 @ 14-in. bucket elevator (ad) 1 centrifugal pump (al) : a in. conveyor oe 
2 @ 250-ton concentrate bins 1 @ 40x10-ft. Dorr thickener @ 2+ in, i Bla io 4 @ 50x10-ft. Dorr thickeners 


; Taili if 
Rarir oad cars Overflow Spigot Taitng pile Spigot Overflow 


2@ 15-ft. dewatering wheels (z) 


Track \scales SE ap 
Smelter 7 @ 5x16-in. centrifugal pump (ae) 
1 @ 40x80x10-ft. (deep) ) concrete reservoir 7 @ 8x6-ft. surge tank a 
2 @ 3500-gal, centrifugal pumps (am) Oil (an) : 
Mill supply tank 1 @ 16-cell Janney flotation machine (af ) | 
= REN PBN SET Bites A EIEN 
7; ce AL 
2 K and K flotation machines 2 @ 2x14-ft. Callow cells (ag) Sl 3 
po Sess 
Ge xi 3 
Automatic sampler S| = 
1 @4-in, 2- stage centrifugal pump Reject Sample { 


Tailing pile 


(Alternatively) 


1 @ 50x10-ft. Dorr thickener (ao) 2 Janney flotation machines “ 
Spigot Overflow 
1 diaphragm pump 


[Allernative) 


peeled) Ee 1 @ 12x12-ft. Oliver filter (aj) 


Cake Filtrate 
1 @ 12x24- ff Lowden dryer (ak) 


hs 
- ; 
ee 1@ 113-ton storage bin 
Track scales Rail of han 
Smelter a. 


Fie. 91.—Federal Lead Co., Mill No. 4. 


1 @ 2%x16-in. centrifugal pump | 


a, 243 ft. long; rise, 5 in 12, 101 ft. total; speed, 50 ft. per min. 6, Flat-bottom, con- 
crete, 30 ft. wide X 40 ft. long X 30 ft. deep, ¢, Aver. speed, 6 ft. per min. d, 6-ply 
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belt, 300 ft. per min,! length, 203 ft.; rise, 4 in 12, 68 ft. total. 
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1 mushroom magnet over 


belt; 1 @ 48 X 26-in. magnetic head pulley. f, 390 r.p.m. g, 64 ft. long, 4-ply belt, 


200 ft. per min. A, 383 ft. long, 6-ply belt, 300 ft. per min. 


Merrick weightometer. 


i, 120 ft. long, 6-ply belt, 300 ft. per min. j, Flat-bottom, concrete, 95 ft. long x 28 ft. 


wide X 23 ft. high. k, 150 @ 2%-in. strokes per min. 
m, 20r.p.m.; slope, 2 in 12. n, See Sec. 3, Table 22. 


Z, 385 ft. per min.; 7214-ft. lift. 
o, 385 ft. per min.; 6814-ft. lift. 


p, Vezin-type, Yooth cut in 3 steps without intermediate crushing. g, 65 r.p.m. See 
n. ¢, 26 r.p.m. See Sec. 4, Table 50. 
u, 27r.p.m. See Sec. 4, Table 11. v, 5ft.4in. wide; slope, 4in 12; 18 ft. permin. w, 10 
Wilfley and 4 Deister-Overstrom. 275 r.p.m. See Sec. 10, Table 1. x, 20 Butchart tables 
and 6 Deister-Overstrom. 275r.p.m. See Sec. 10, Table 6. 
1.5 7r.p.m. aa, 400 ft. long, 350 ft. per min.; rise 34 in. per ft. ab, 200 ft. long, 350 
ft. per min.; rise 3 in. per ft. ac, 6 ft. 5 in. wide; slope, 4 in 12. ad, 37-ft. lift; 350 


Sec. 9, Art. 7. 1, Slope, 6 in 12; 30 ft. per mi 


ft. per min. ae, 425 gal. per min., 25 per cent. 


af, Mechanical,  single-spitzkasten type. 575 


kasten) and 15 cells making finished concentrate. 


r.p.m. 


y, 860 r.p.m. Zz, 24-in. face. 


solids; 50-ft. head. 865 r.p.m. 
1 emulsifier (without spitz- 
Typical feed analyses are given 


in Table 73. ag, Slope, 334 in 12. ah, Mechanical single-spitzkasten type. ai, 350 
ft. per min,; 3414-ft. lift. aj, 1 @ 100-cu. ft. compressor; 1 @ 36 X& 72-in. compressed-air 
receiver; 1 @ 4 X 8-in. duplex vacuum pump (215 r.p.m.);1 @3 X 8-ft. vacuum receiver; 
1 @ 1% X 8-in. centrifugal solution pump (1130r.p.m.); 1 @ 16 X 60-in. moisture trap. 
23-in. vacuum. 7 to 8 rey. per hr. 50 tons concentrate per 24 hr. from 35 per cent. moist- 
ure to 15 per cent. moisture. 140° F. ak, Coal-fired, 214 strokes per min. Product 4 to6 
per cent. moisture. 2 tons of coal to 50 tons of concentrate per 24 hr. al, 5 X 20 in, 


800 g.p.m., 43 ft. total head, 665r.p.m. am, 12-in., 2-stage. 
refined wood creosote, 0.5 lb. per ton. Disk feeder. 
from 0.5 to 1.5 lb. per ton is the usual reagent in the district. 


dependent on dryer cycle of 1 to 2 hr: 


Table 73. Sizing-assay tests of typical Lead-belt flotation feeds. 


(After Watt). 


Picking belt 


Picked waste 
Mill of usual type oe : 
in district 


Reject 


| 


an, Cleveland Cliffs No. 1, 
Wood creosote ranging in amount 
ao, Intermittent discharge 


Cumulative percentages Chemical analysis, per 
5 PEAR cent: Pb, 3.0 (usual 
creen, 7 . toe range is 2.5 to 6 per 
eet Sample No. 1 Sample No. 2 gone Oeil SONIA 
Federal No. 4); Fe, 4.6; 
Weight Lead Weight Lead Zn, 0.2 (may run to 0.5 
3 per cent. or even higher) ; 
+100 2.5 Trace 2.2 0.7 Cu, 0.05; SiOe, 9.0; CaO, 
150 7.0 Trace ieee aed 26.0.; MgO, 14.0; AleO3, 
200 14.0 Trace 16.2 1.6 4.0; Co, Ni, Trace, 
— 209 86.0 100 a 83.8 98.4a 
a 95 per cent. of the lead is —300 mesh. 
Steam-shovel pit Grizzly, 8-in. spaces 
Side-dump standard-gage cars Ch) ¢) 
7 @ 60x84-in. jaw crusher 
7 @ 6x22-ft. compound trommel, 4-in. and 
7.5-in, round-hole plate 
+4-in. — 4-in.t 1.5-in. () 
Bin Bin 
Apron feeders Apron feeders 
40-in. conveyor belt, 30 ft. per min. Picking belts 
Reject Picked material Reject Waste 

Belt conveyor Ore Ore Belt conveyor 

Hing! Tailing stacker 

Eee iacler plackes, Crusher, set 3-in. ——————— 


Fic. 92.—Crushing and hand-picking plant at Mine La Motte. 
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than at the other mines in the district. Further, the deposit lies near enough 
to the surface to permit steam-shovel mining. A sketch of the coarse-crushing 
and picking flow-sheet is shown in Fig. 92. 


American Zinc Co. of Tennessee. Fig. 93. (Q; 118 J 407.) 


Location: Mascot, Tenn. 

Ore: Sphalerite in brecciated dolomite. Analysis: calcite, 48.11 per cent.; dolomite, 
35.36 per cent.; silica, 8.73 per cent.; alumina, 1.04 per cent.; Fe203, 1.33 per cent.; sphalerite, 
5.43 per cent. “ 

Capacity: 2400 tons per 24 hi. - 

Assays, per cent. Zn: Feed, 3.4 to 3.8; jig concentrate (about 25 per cent. of total con- 
céntrate), 60.8; flotation concentrate, 60.6; jig tailing, 0.7 to 0.85; flotation tailing, 0.09. 

Recovery: In flotation, 98.1 per cent. Total recovery on above ore, 86.3 per cent. 
Total recovery on low-grade ore, about 50 per cent. 

Ratio of concentration: 20:1. 

Distances: Mill at No. 1 (low-grade) mine, 2000 ft. from No. 2 (principal) mine. Mill to 
smelter, 550 miles; water pumped about 350 ft. from creek; power transmitted 150 miles at 
66,000 volts. 

Costs, per ton milled: Crushing and jigging, $0.32; flotation, $0.08 ($0.25 per ton floated); 
drying concentrate, $0.04 ($0.80 per ton of concentrate). (1925). 


Summary. Jigging and flotation. CrusHiIne: gyratory from 14- to 4in.; 
disk crusher from 4- to 1.3-in.; rolls in closed circuit with screens from 1.3- to 
0.62-in.; rolls in closed circuit with screens from 0.62- to 0.25-in.; ball and tube 
mills, 1-stage closed-circuit to 65-mesh. CoNcENTRATION: Roughing and clean- 
ing of —%-in. unsized primary feed on hutch-making jigs, both concentrate 
and tailing made; re-crushed (114-in.) middling similarly roughed and cleaned, 
making concentrate and a tailing that is re-ground and floated in mechanical 
machines with combination routing. Coarse, sized tailing sold for ballast and 
concrete aggregate; fine tailing ground for agricultural limestone. 


This flow-sheet is influenced by the commercial value of the coarse tailing and the fact 
that jigging equipment was already operating in a gravity-concentration mill when flotation 
became successful. Originally concentration was done by jigs and tables only, then 
flotation was added as an accessory. Within the last few years the hydraulic classifiers 
and tables (60 to 70 in all) have been dropped and it is a close question whether jigging also 
would not be eliminated were it not for the fact that the market value of the coarse tailing 
is greater than the value of the zinc (14 to 16 lk. per ton) at present therein. 


Table 74. Elevators at American Zine Co. mill 


! | 
| | Pulley diameter, | 
Reference gu of Belt Bucket i cation Height Speed, 
letter * bueket, plies Se l ; fosk feet per 
inches inches Head Tail .% minute 
| pulley | pulley | 
g BETS irae es 16 festa a are VPRO ree 55 446 
n 22 7 16 54 24 63 425 
w 22 7 16 30 24 25 425 
aa 22 7 16 | 30 24 68 450 
ab 22 cs 16 36 24 40 350 
ad 22 a 16 30 24 35 450 
ae py a 16 30 24 45 425 
ah 22 7 *ohcie Bi | 35 336 
aj 22 a 16 30 24 65 358 
ak 22 7 16 30 24 42 350 
bh 18 7 32 30 | 7 et | WP 240 
ed 16 7 16 30 24 26. 322 
cg 14 7 16 3 | 24 36 322 
i | 


* From flow-sheet. 


Net No 2 
s ‘a oer pj ies his Fresh waterloa 8 Dorr thickeners iar) 
ps oa ee Hopper wero Spgotiass 
et “pin feeder) Soa b. 7 
1 he 8 gyratery crushers tin a urippaly | 
fc) 12D in belt fii magnetic) Purple) Purr Lump) tcontrele pump sumptaty 
; Ion ee Duero JA Mp (a 
jan Milt-supply stardope ie ha dh 
ae, Zant holes) Indined stationory cereen, Jn rd Ber dt ps Scheer Y 
iw Z § u 
opthal-spirde 4 taf ip orugpallin fefeck Sample 
Ls Cialomtentes anal i || ALLL for thiseies (av) ear 
a “Ah yah a I toe devatorig = : 
- bearded 1g bh omy lh, Quesflow Feagents ay) Spighiawy 
vi CMtoytin 77 é eit 


P 1 Bleachert aero! Lomyay i) 
120 ton rol feed tin ‘ a : Ming tanh lan 
4 cscilatin Yay fecdersi) , 2 spite Sonney roughing cell sin er iesfat) 
200i inclined bE cormveyors (I) wth magne (c) peagenlslaytipg 7 Overflow 


265410 he, BLL MS 


20 Ztin-belt- bude elevators in) 
C4751 Mitchel sore, om gpertrep 4 Ox iif Lrormel, Yorn opening 1 


i Go (Ltn wt comeyorig: 


Z singlespite dormy cls, im serses(at) 
Wefow 


Songlespile Janney cellein series a 
Duerflow 
I dosble-spitt and Isungle-spilz Janney 


machines it] LIVES (az) 


4 
12nd comeyx with liype, bs 
122 ton flat-bottom bint) 7) sampler (0) 


Sampler 14 oxMating-tray tiers tt) San 
uy feeders Mt Lupe Peet 
sap 2 PR p 142 4in collecting conuzyoriw 
id batrplerw) fc Pumped 


x C 
ts 
Fe ject Sample Purphey Sampler (v) 
Waler—>h =: eee: ; 
Sbyichel elevator | meh Ce Aeyect Larple 
Bb-s1eue Cooley roughing pqs) §— ¢ P&-sieve Codey roughing fi Ze peer Ol5r2 | eee Withee 
OFC AS tu Taig ough Cont. | | bias bychet elevator (Oh) Spigot ouelfl iy 
2 dewatering screensiy) Be aed LE) | } Mi B47 bf trommel Lun rd tobalby) (B55 bff De filteribg Waste 
| 4 J 
) 7 t | ® ou we Fiirate 
2 Jaa Cophey bu! na? i} Screw comeyer (bh) Waste 
1 wes! tin role(bf) bin — 
| | ld Cannel 
1 buckel elevator ad Le burn wy BELA! Dorr tlbenersiopy §=— 1@10Eft L ayden ager (of) 
1@6 ft Allen cone fe Sea Samp aul 5 Se ea | 7 screw conveyor 
b i Lis | F Fscl Ye fat 106.150 chapbucke devatorhg 
pigot Gwerflew tuctelepotoraas Waste 1600 soft Ziiton steel tank 
1 bucket elevotoriae) j Storage || Sie, Screw conveyor 


14 6 fil bchell screen, Fesh, #9 wire Aeclarming eleyatr | | Sex-car oader 
A dy AI ag \\ SG 4 Ht Portland filters Caré 
1643/2 11679 rols,set close laf) Hratt loading buelac) | Cote (co) Fitrgle Smeltrs 
104 sieve Cooley sand pglagy i fathrood tars | | 
ee eee \ : 

M 7 \ Loltast and commercéd slor\ 
Chugh elevatirs tah) 
14-3116 Cooley, WHE 


ttm conor) §— Waste 
\26¥. extextift bys 

and feeders(by} 

6 C5 x40f1 fuggles-Loles dryers (bt) 
| 

| 


Ly Se ee 
Dof ten Sof these 


1@2490 flight cameyor (bu) tet¢in flight conveyor (big 
t= aa | 
“olternati“e | Vanbelt comeyer (Oy) 
1Opét Emerich air separator | “ 
Coarse Fine { { 
1G, “flight conveyor (by) z, 
12iiin sre conueyor (by) 
tet elevatoriay) 2O5x ZZ ft.ball-tute mills (67) 
2@ GFE Allen de-sliing comes sie telb coneyor (of) 
J vO f] igh con or(0z) 
ee oie Cell imbnsty) 32 10D ton bins (cb) 

: } oof! these Iof these 1 of these 2 of these 
4s ft. 1G] xtoft 187 eft. Leb left. — si raed 
MN tal ah rod ililara) ible milla) ballmils faa) \ \ 1 itenbe/tcomeyortee) . chet elevator keg) 

ciety iscmalcen’ poet | prere Pato Lf tre tresel 
10No4 Wilfley pump ap Set abe: b 25) Fd 
SPPEP \ tscravtype barca letter serquy, Xing Bnslci! Waal 
ELUGIS Dorr duplex classifiers lag i Agrveultural Jimestone 36t tube Bote ‘s val ye bangers 
Sard / oe Agricultural lirestor 


Greffloulchd Bagsles) 


Fic. 93.—American Zine Co., of Tennessee. 
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a, Ratchet-and-pawl drive, 9 ft. per min. 6, 20 ft. long, 54-ft. rise, 346 ft. per min., 
5-ply. c, 5414-in. No. 4 Stephens Adamson lifting magnet, 27 amp., 220 volt. d, Man- 
ganese steel, % in. thick, 3 x 8-ft., 45° slope. e, 6-ply, 310 ft. per min. Rise, 13 ft. in 
first 52 ft., then 29 ft. in 107 ft. f, 28 ft. long, 914-ft. rise, 336 ft. per min., 6-ply. g, See 
Table 74. hk, 14 ft. long, 6-ply, 330 ft. per min. delivers to center of bin. i, 28 X 30, 
(rectangular) X 30 ft. deep, 4 arc gates each side. J, 1850 ft. long, 80 ft. net rise, 18 
@ 1600-lb. buckets, 128 per hr. Speed, 506 ft. per min. Cast crucible-steel cables, 1}4-in. 
load side, 1-in. return, both locked-coil; 5-in. traction cable, lang-lay. Works two-and-a- 
fraction shifts per day and requires 2 men per shift each end. k, 30 strokes per min. 
1, 50 ft. long, 11-ft. rise, 314 ft. per min., 6-ply belt. m, See Sec. 3, Table 22. n, See 
Table 74. 0, See Sec. 5, Table 26. p, Replacing 4 trommels. g, 68 ft. long, 314 ft. 
per min., 6-ply belt. 1, 20-ft. rise in first 55 ft. then 54 ft. horizontal; 320 ft. per min. 
6-ply belt. Hand-propelled tripper. s, 30 X 60 X 24-ft. (deep). t, 28 strokes per min. 
u, 6-ply belt. 308 ft. per min. First 60 ft. horizontal then rises 11 ft. in 61. Merrick 
weigher. v, Automatic, air-driven, 7-min. cuts. w, See Table 74. x, 32 X 48-in. sieves. 
No. 10 slotted-steel plate. 1% X 1l-in. openings. See Sec. 9, Art. 4. y, 30 X 42-in., 
stationary, 45° slope, 4% X 1-in. slotted No. 14 steel plate. z, 36 X 48-in. punched-plate 
-in. rd. holes; 82 r.p.m. See Sec. 9, Art. 4. aa, Tandem (2 belts in same housing). 
See Table 74. ab, See Takle 74. ac, 5 X 9 X 614-ft. each. These bins are also fed by 
an elevator loading washed gravel. ad, See Table 74. ae, See Table 74. af, See Sec. 3, 
Table 22. ag, 28 X 42-in. sieves, punched-plate, 14-gage, % x 1-in. slots. 200 strokes 
per min. See Sec. 9, Art. 4. ah, See Table 74. ai, 28 X 42-in. sieves, punched-plate, 
14-gag3, % X 1-in. slots. 200 strokes per min. See Sec. 9, Art. 4. aj, See Table 74. 
ak, See Table 74. al, 7 X 10-ft. pebble mill lagged down. 16,000 lb. balls. Local hard- 
iron liner. 23 r.p.m. 90-hp. motor, direct-connected, herringbone gear. am, Con- 
verted 7 X 10-ft. pebble mill. 40,000 lb. @ 2- and 3-in. rods. Local hard-iron liner. 
16 r.p.m. 150-hp. motor. Belt drive, spur gear. an, 22,000 lb. pebbles. Forbes man- 
. ganese-steel liner. 90-hp. motor, direct-connected. Herringbone gear. ao, Converted 
tube mills. 40,090 lb. @ 2-in. balls each. Local hard-iron liners. Belt-driven. Spur 
gears. 12r.p.m. 1 @ 120-hp. and 1 @ 138-hp. motors. ap, 1080 r.p.m. ag, Model D. 
Slope 3% in. per ft. 26 strokes per min. ar, 4 @ 30-ft.,3 min. perrev. 1 @ 50-ft. 138 
sec. per rev. as, 20 per cent. solids. at, With chip screen. au, 1200 r.p.m. av, 225 
sec. per rev. aw, 50 per cent. solids; 17 per cent. +100-mesh, 54 per cent. — 200-mesh. 
ax, Rectangular tank with 3 Janney impellers. ay, Thiocarbanilid, 0.1 lb. per ton; pine 
oil, 0.25 lb.; copper sulphate, 0.3 lb. az, 570 r._p.m. ba, 2 @ No. 4 Wilfley pumps, 
1200 r.p.m. 066, No. 4 Wilfley, 960 r.p.m. bc, As needed. Total average reagent con- 
sumption (1923): pine oil, 0.365 lb. per ton, thiocarbanilid 0.176 lb., copper sulphate, 0.363 
lb. bd, 2 min. per rev. be, Oscillating agitators. No. 3 “0” canvas. 14 X 8-in. 
Type MO Oliver vacuuni pump. J-in. cake. 8to9 percent. moisture. bf, 244 @ 10-in. 
strokes per min. Oil-fired, gases to waste. 6g, 60 ft. high, 270 ft. per min. bh, See 
Table 74. 6i, 17 r.p.m. Slope, 2 in. per ft. 6j, 80 r.p.m. 6k, 12-in. 45 r.p.m. 
bl, 13 X 24-in. horizontal duplex double-acting Mesabi-type plunger pump. 2500 gal. 
per min. 6m, 14 X 14-in. vertical triplex. 1000 gal. per min. 6n, 1314 X 18-in. 
horizontal duplex double-acting plunger pump. 1700 gal. per min. bo, From river. 
bp, lr.p.m. bg, 7 min.perrev. i6-to18-in. vacuum. Oneheldasspare. 1@17 X 10- 
in. IR duplex vacuum pump. Pump and filters driven by 50-hp. motor. br, 5-ply belt. 
250 ft. per min. 65 ft. horizontal, then 29 ft. rise in 128 ft., then 226 ft. horizontal. 
bs, Flight type, ratchet-and-pawl drives. bt, 7 r.p.m. Unlined, direct-heat. Coal- 
fired. Coal pulverized to —20-mesh in a plant consisting of 1 @ 24-in. Jeffrey swing- 
hammer machine crushing to 144-in. and 6 Type A Aero pulverizers. 6u, 80 ft. per min. 
bv, 40 ft. long. 18-ft. rise. 80 ft. per min. bw, 18 ft. long. 100 r.p.m. bx, 40,000-lb. 
ball loads. Chilled-iron liners. 21 r.p.m. by, 5-ply high-temperature belt. 550 ft. 
long. 60-ft. rise. 228 ft. per min. 6z, 50 ft. long. 80 ft. per min. cb, Reinforced 
concrete, 20 ft. diam. X 54 ft. high. cc, 65 ft. long. 240 ft. per min. cd, See Table 74. 
ce, 30 tons per hr. cf, 5-ply high-temperature belt. 485 ft. long. 55-ft. rise. 320 ft. 
per min. cg, See Table 74. ch, Square holes, 1} in. per ft. ci, 10 X 14 X9 ft. cj, 
100-lb. paper or 200-lb. burlap, at will. ck, 20 per cent. +100-mesh. Normally 4 mills 
operate in closed circuit with one classifier. cl, 93 per cent. + %-in. cm, 60.6 per cent. 
Zn, 75 per cent. of total cone.; 6 per cent. +100-mesh, 65 per cent. — 200-mesh. cn, 60 


per cent. solid. co, 12 per cent. moisture. cp, For storage during the dull season from 
April to August. 


Gennamari-Ingurtosu mine. Fig. 94. (100 J 911.) 


Location: Ingurtosu, Sardinia, Italy. 
Ore: Blende in siderite, quartz, calcite, barite and schist. Coarse dissemination, 
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Assays: Feed, 10 to 15 per cent. Zn; magnetic concentrate, 53 per cent. Zn and 5 per 
cent. Fe; magnetic tailing, 2.5 per cent. Zn and 48 per cent. Fe. 
Recovery: Magnetic plant, 96 per cent. Zn. 
Rich ore low grade ore 
Hand-dressing plant (a) 


at 
Lump blende Reject 


Crushed to 7-mm. ; era 
um, 1 @ A inside lining)x80-ft. revol. kiln 


Screens, finest }-mm, Cars 
6 oversize products —I-mm, Elevator 
6 @ 4-compartment Shaking table Ferraris screen, 2- and 4-mm. screens 
Harz jigs 


c (Zn) M (Zn-Fe) Z +4-mm. —244¢-mm. -2-mm. 


1Ulirich dry 
separator (d) 


c 


C(Zn) M (Zn-Fe) 
i ! 7 Ullrich dry 


separator (d) 
Moot 


1U/Irich dry 
separator (d) 


M 


Coal (c) 


Is 


a, Cobbing, hand sorting, hand jigging. 6, 25 to 35 per cent. Zn and 30 to 40 per cent. 
Fe. c, 10 percent. by weight. d, 1.5 hp. for driving and 10 amp. at 125 volts for energiz- 
ing. 

Fic. 94.—Gennamari-Ingurtosu mill, 


Eagle-Picher Lead Co. Netta mill. Fig. 95. (105 J 727.) This mill is 
typical of a large, modern Joplin plant. 


Location: Picher, Okla. 
Ore: Blende with varying amounts of galena and small amounts of marcasite and 


chaleopyrite in a chert gangue with varying amounts of limestone, shale and clay. The 
ores of the district vary considerably in lead content and in the fineness of dissemination 
of the sulphide minerals, but in most of the ores galena is distinctly less in quantity than 
blende and both minerals are coarsely disseminated. 


Capacity: 1500 tons per 24 hr. 
Assays: Feed ranges from 1.5 to 3.5 per cent. Zn with lead content varying from 10 to 


50 per cent. of the zinc content. Average analysis of zinc concentrate (107 J 548) is Zn, 
58.6 per cent; Fe, 1.6 per cent.; Pb, 1.0 per cent.; CaO, 0.9 per cent.; SiOe, 5.2 per cent; 


tailing, 0.5 per cent. Zn; 0.1 per cent. Pb. 


Costs (pre-war): about $0.25 per ton milled. 
At the 1200-ton mill of the AMerican Zinc Co. at Joplin (108 P 840) in 1914, using 


jigs and tables only, the recovery was 68 to 69 per cent. and the cost $0.18 per ton, including 
$0.0275 for elevating and disposing of tailing. 

Summary. Jigging, tabling, flotation. Crussina: Jaw crusher from 12- to 
1.5-in.; 2-stage roll crushing from 2- to 0.38-in.; 2-stage roll crushing of middling 
with intermediate jigging from 0.38- to 0.08-in.; re-grinding —2-mm. material 
to 65-mesh in ball mill in closed circuit with Allen cones. CONCENTRATION: 
Roughing and cleaning jigs on —0.38-in. +0.06-in. feed, roughing and cleaning 
jigs on —0.25-in. re-ground middling, tabling of classified sands down to 65- 
mesh and of —65-mesh slimes, separate rougher-cleaner flotation of primary 
slimes and re-ground middling. 
3 Notes to Fig. 95. 

a, 1 James and 6 Butchart. 6, Usual grade, 10 to 25 per cent. Zn. Some bed product 
shoveled from first two or three sieves is sent with this. c, This screen is omitted in many 
mills and unsized feed sent to the roughing jig. d, Use of a middling jig is unusual in 
the district; re-ground middling is ordinarily returned to the roughing jig, but as this 
material is about twice as rich as the original feed, the middling jig is good practice. 
e, Ferraris-type wet shaking screen (93 J 461). f, Hardwood creosote. g, At mills that 
cannot make substantially lead-free flotation feed, flotation concentrate is tabled to separate 


lead and zinc, 
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600-ton receiving bin 


1 
2 @ 5x5-ft. trommels, 1.5-mm. screen i) 
¢ 


2@ 18x24-in. jaw crushers, set 1.5-in. a an 
2 @ 42;in. rolls 300-ton bin dpitzhasten 
2 @ 24-in. bucket elevators 2 @ 6-cell Cooley jigs sa rs —65-hee 
i 


Hutch 1-4 (b) T Hutch 5,6 


Elevator 
4x8-ft. trommel, 0.25-in. holes 


4 @4x8-ft. trommels, 0.38-in. holes 
See Ee See 
(Gal 


Elevator 


Dump 


4). 
4@ 36-in. rolls 
Elevator 


@) ¢ 
36-in' rolls 1 @ &-cell Cooley jig (a) 
Hutch 1-3 Hutch 4.5 Li 


| 
7 @ 7-cell Cooley ji 
Hutch 7 Hutch 2 Hutch 3-7 A 


C(Pb) om C (Zn) { 
Flavator Oseft. trommels, 1.5-mm. sail 


4x8-ft. trommel, 2-mm. holes a atch * 
(-) 2 Elevator 
36-in. rolls 1 @7-cell Cooley jig Dump 

al oe —— 
Hutch 1 Hutch 2 Hutch,3-7 i 
C (Pb) C (Zn) Elevator 


: Elevator 
3x6-ft. trommel, 1.5-mm. holes 


B-spigat hydraulic classifier +) 
Spigots Overflow 
6 Arbuthnot shaking tables 
C(Zn) M(P)-Zn) M (Zn-sand) T 


+65-mesh 
Elevator 2 @ 20x24-ft. sand tanks 
Henry screen, 1.5-mm. holes (e) 5 sano 


>) ) 


Allen cones 
+65-mesh -65-mesh 


Eleyator t 
1S a Akins Seinen 3 @ 38-ft. Dorr thickeners 
——————— 
(= ais Ae Peal 
+65-mesh —65-mesh Spigot Water 
Classifier 2 Arbuthnot slimers Pond 
es ee 
8 Arbuthuot shaking tables M (Pb-Zn) T (lead free) 
(Zn) M (Pb-Zu) M (Zn-sand) T 
Elevator 
4-spigot classifi 
levator eit spigot classifier 
2-spigot classifier DIgots 
! — 2 4 Arbuthnot shaking tables 
Spigots Overflow 


2 Arbuthnot slime tables 
C (Rb) C(Zn) M (Pb-Zn) M (Zn-sand) | 


2 elevators 


Primary slime 


2 @ 20x24-Ft. sand tanks 2 @ 28-ft. Dorr thickeners 
Sa 


Spigot (+ 65-mesh) 


Eleyator Spigot Ouerfiow Spigot Clear wat 
Distributor Eleugtor Elevator Oil (f) 
7 shaking tables (a) 2 Allen cones Jen - 
ray, 6-cell agitation-froth machine 
M (Zn-sand) r Rough cone. Tt 
Elevator Dump 5 @ 50-ft. Dorr thickener 2-cell agitation-froth machine Dulnp 
Allen cone Overflow Spigot |_! € (Zny(9) 
Spigot ( +65: mesh) Pe Dryers 
1 @6-ft. x16-in. Flevator Oil (f) Bing 
ha ge nical ball mill c= 
conica ms 1@9-cell agitation-froth machine 
Overflow 
1@7-cell agitation-froth machine Elevator j (nh (9) 
T Dryers 
Dump Bins 


Fie. 95.—Eagle-Picher Lead Co., Netta mill. 
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Wisconsin zinc district, one-jig mills. Fig. 96. (95 J 785% 69 A 117.) 

Ore: Galena, sphalerite, marcasite and pyrite in gangue of dolomite, calcite and barite. 

Capacity: 100 to 150 tons per 10 hr. 

General: This type of mill is applicable only to low-grade coarsely-disseminated ores 
having a high iron-zine ratio and not much lead. With such ores much of the lead is 

_ recovered in a salable concentrate, and from 60 to 80 per cent. of the zinc in a zinc-iron 

concentrate assaying 20 to 40 or 45 per cent. Zn. This product is sold to the plants with 
magnetic separators. (See NaTronaL ZINC SEPARATING Co., p. 164.) If lead content of 
feed is relatively high, too much lead goes into the zinc concentrate and a 2-jig mill (q.v.) 
must be used. 


Bin 
1 @ 14-1n. Jaw crusher 
1 @ 24-in. rolls 


1 @ 14-in. elevator 
1 @8x6-ft. trommel, 0.5-in. opening 


) 
1 @7 to 9-cell jig (a) 
pell 1 Cells 3-6 or7 Last 2cells T 
(Pb) C (Zn-Fe) 
Magnetic plant (b) 


Cell 2 


Dewatering box 


Re 
C (Zn) L Spigot Overflow 25) 
Elevator Slime pond 1 @ 24-in. rolls 


Tailing pile 
a, 30 X 36-in. sieves. 200 r.p.m. Concentrate drawn continuously from hutches 
and shoveled from sieves at the discretion of the operator. 6, See NATIONAL ZINC SEPA- 


RATING Co. , 
Fig. 96.—Typical Wisconsin one-jig mill. 


Wisconsin zinc district, 2-jig mill. Fig. 97. (69 A 117; 111 J 1066; 
TP 9§ USBM.) 


Mine buckets 


Flat grizzly over bin, 4-in. spaces 


(a. ==" | nen ee ee ee 
oH si 150-ton hopper 


Sledged and picked 


14-in, Jaw crusher, set 2-in. 
Bate) 30-in. rolls, set 0.75-in. 


Bucket, elevator 
3x8-ft. trommel, 0.5-in. opening 
Gg (+) 
1 @ 7-cell Cooley jig (b) 24-in. rolls 


Cell 7 { Cells 2-5 Sieve 6 T 
Alternatively Hutch 6 Cell 7 Dewatering box (c) 
Spigot Overflow 
Elevator 
Tailing pile 


Elevator 
24-in, rolls 


Elevator 


1 @ 7-cell Cooley jig (2) Sie oak 
Cells 3-6 Cell 7 T a ae 
C (Zn-Fe) Dewatering box (c) 


Spigot Overflow 


Magnetic plant (e) 


IN 


C (Zn) 


a, Assay about 0.5 per cent. Zn. Amounts to 5 to 25 per cent. of mill feed. 6, 30 X 42- 
in. sieves. c, Onend of jig. d, 28 X 42-in. sieves. @, See following flow-sheet. 


Fic. 97.—Typical Wisconsin two-jig zine mill. 


Ore: Galena, sphalerite, marcasite and pyrite in dolomite, calcite and barite. Coarse 


dissemination. path at 
Capacity: 100 to 150 tons per 10-hr. shift. 
ic. Reed, 6 to 8 per cent. Zn; concentrate, unroasted, see Table 75; roasted, 59 to 


61.5 per cent. Zn; tailing, 1.5 to 2 per cent. Zn. 
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Table 75. Analyses of mill (unroasted) concentrate, Wisconsin zine district. (After 
Deutman, 107 J 1108) 


Per cent. weight 
Mine 
Zn Fe Pb | CaO | Ss 
Yewdallie, Peay 1. 21.60 27.40 0.82 2.15 41.60 
Martin.......... 39.95 | 7,12 0.20 1.67 38.30 
PeMersOl reas san oh 45.90 12.85 0.22 1.50 35.73 


Recovery: 65 to 80 per cent. 
General: Tabies are not used on account of the high iron and lime contents in table 
concentrate and' the low recovery. 


National Zinc Separating Co. Fig. 98. (107 J 1107.) 


Location: Cuba City, Wis. 

Ore: Zinec-iron concentrate from Wisconsin-district zine mills. 

Capacity: 275 tons per 24 hr. 

Assays: Feed, 20 to 45 per cent. Zn; concentrate, 59 to 61.5 per cent. Zn: tailing, 4 to 5 
per cent. Zn. 

Costs: Roasting and separating, $1.28; Cottrell precipitator, $0.18; receiving and ship- 
ping, $0.91; general, $0.63; total, $3 per ton of roaster feed. 


Mill concentrate 
Sampler 
5 i> a ae 
8-hearth Wedge furnace (b) Reject Sample 


Roasted sold Gas 
4 @ 2x26-ft. rotary cooling drums (f) Cottrell precipitator (d) 
=o 
Dings, type MM magnetic separators(g) Gas (c) Dust (e) 
po ee Gas Dust 


Ti ) 
Belt gonueyor 
Elevator | 
(Rn 


Storage bin 


Sok Rough cone. (i) 
Sulphurie acid plant L 


Dings. Type Hl, magnetic separator (j) 


M L( 
$$$ == 


Fic. 98,—National Zine Separating Co. 


a, Separate compartments for concentrates from different mines. 6, 2214-ft. diameter. 
1 drying hearth and 7 for roasting. No fuel added. Maximum temperature at seventh 
hearth, 900° to 1000° F. Surface of marcasite oxidized to Fe30;. Decrepitation during 
roasting (see Table 76) causes a decrease in CaO content through dusting. Linpmn Zinc 
Co., Linden, Wis., and Wisconsin ZInc 
Co., Cuba City, Wis., use an oil-fired rotary 
kiln on the ground that the degree of roast- 


Table 76. Screen analyses of feed and pro- 
duct of zinc-concentrate roaster 


wa ing can be better regulated. c, 4 to 5 per 

Weight, per cent. cent. SOo. d, 2 units, can be operated to- 

ne gether, but ordinarily operated separately 
Feed Product and alternately for 2-week periods. Feed 

| -| about 9000 cu. ft. of gas per min. at 290° 

BROMOS IN. cess: 0.20 0.10 F.; velocity, 6 ft. per sec. 36 collecting 
Orisan 21.70 9.70 electrodes in each unit, made of 12-in. 14- 
Jones 17.90 7.80 gage steel pipe 15 ft. long. e, About 95 
20-mesh....: 28.10 23.30 to 97 per cent. of total roasting loss. Com- 
AO=mesh sone 22.90 29.10 prises about 1.6 per cent. of solid feed to 
—40-mesh..... 9.20 30.00 furnace. f/f, 6r.p.m. Shells 546-in. riveted 
steel plate. Water-cooled by outside spray. 


or 30 gal. water per min. per machine. Ore 
not completely cooled, as it is not then so magnetic as when slightly warm to the hand. 
g, See Sec, 13, Art. 8. Campbell, Wetherill and Knowles magnets used in other ; lants 
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in district. First poles draw 2 amp. at 225 volts; second, 3 amps. at 225 volts. Air gap 
of secondary magnets to shaking tray, 3 to 44 in. Capacity, 60 tons per 24 hr. hh, Mag- 
netic product. Averages 25 per cent. S and 4 to 5 per cent. Zn. i, 56 to 58 per cent. Zn 
and 4 to 5 percent. Fe. j, 2 @ 12-in. feed belts, 70 ft. per min. 4 magnets in series 
drawing 744 tol5amp. Capacity, 40 to 45 tons per 24 hr. k, 61.5 per cent. Zn. 


Summary. Roasting and magnetic separation. 


Timber Butte Milling Co. Fig. 99. (Q; 52 A 915; 120 J 685.) 


Location: Butte, Mont. 

Ore: Sphalerite, galena, pyrite, bornite, chalcocite, tennantite, tetrahedrite, silver and 
some gold in quartzitic gangue containing also barite, fluorite, rhodonite and rhodochrosite. 
Galena is intimately mixed with blende. Considerable iron is combined with the zinc. 

Capacity: 800 to 1200 tons per 24 hr. 


Standard-gage gondola care 
4500-con bins 


1 shaking-grizzly feeder, 1-in. spacing 


! ® : ¢) 
§ x30-in. Blake'crusher, set 3-in. 
Belt conyeyor (a) 
36-in. horizontal disk crusher 


6-bins, 4500 tons, combined capacity 
Apron feeders 
Belt conveyors with automatic scales 


54x18-in, rolls set close, chohe-fed 
Water 
Belt-bucket elevator 


Hummer screens 
Oversize -) 


54x18-in. rolls set Wilfley tables 
close, choke-fed mM 6) ‘ T C( Pe ) 


Draining bins 


Belt conveyor (a} 
) 
Sampler 


Reject Sample 
Belt conveyor Sample house 


Cars 
Potassium a 
xanthate 
24-in. M.8. standard machine (d) 
Rough cone. (h) ailing 
‘ 
Callow cells 
Overflow Sodium'cyanide (0.4:1b. per ton) and 
Thichener zine sulphate (0.6.lb. per ton Reagents (7 
Re are pee | 
Overflow Spiggt (e) 
Agitation cells (f) 24-in. standard M.8. machine 
Overflow Callow cell M Rough concentrate T 
Callow cell : 
; —— 1 T Callow cell Waste. 


OCPo) Overflow . 


Callow cell 
Dorr thickener Overflow 
Spigot Overflow Callow cell 
Portland filter Drum filter’ Clean cone. 
Cake Filtrate Cale Filtrate Dorr thickeners 
AR. cars Spigot Overflow 


a, Magnetic head pulley and suspended magnet. 0, Large circulating load maintained. 
¢, 60- to 100-mesh, according to the ore. d, Arranged for quick removal of froth. e, 50 
per cent. moisture or less. f, Two in series. Pulp heated to 140° F. and held about one 
hour. g, Lime, 3 lb. per ton; Barrett No. 4, 0.20 lb. per ton. h, Pb, 25 per cent.; Zn, 36 
per cent.; Fe, 4.0 per cent.; insol., 15 per cent. i, Copper sulphate, 1.3 lb. per ton; NaOH, 
1.0 Jb.; pine oil, 0.06 lb.; Barrett No. 634, 1.5 lb. per ton. 


Fic. 99.—Timber Butte mill. 
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Assays: See Table 77. 
Recovery: See Table 77. 


Table 77. Performance at Timber Butte mill on Elm Orlu ore with differential 
flotation. (After Robie) 


Assays Recovery, per cent. 
Wei 
Material aca x Per cent. 
it Ag Fe Zn Pb 
Insol.| Fe | Zn | Pb 
Peed se RG ened 100.0 Store seo SUS PAST MSS PS, SPR SEP a ee 
Table lead conc........ 0.4 LDS SLOP 25. OP TQS P25 OP" VIS | VSG" Oly Stes 
Flotation lead conce..... 1.5 65.3| 1.8] 3:4] 18-0) 5020} 25.8) 1°8|° 278762.5 
Flotation zine cone..... 18.3 190 |) 5.84) QeT VS6L7 PS SS 2) 17S 90.3 aoe 
WarhDer scars oetes io ate 79.8 ORY GA Nee Re 2:7 A cOsien shte-teantntpie «..} 6. 2] oe 


General: Mine to mill, 13 miles. Copper smelter, Anaconda, Mont.; zinc smelter, 
Bartlesville, Okla.; lead smelter, Midvale, Utah. Water pumped 2 miles. Power trans- 
mitted 175 miles at 100,000 volts. Steep sloping mill site. An inclined tramway, 10-ton 
capacity, 37-hp. hoist, runs alongside the mill, serving all levels. Coarse-crushing plant 
and concentrate-handling plants are on the lowest level. 


Summary. Four-step crushing in jaw crushers, disk crusher and rolls 
to pass é-in. screen. Table lead concentrate made at this size. Balance 
ground in one step to 60- or 100-mesh, collective lead-zine froth made and 
separated into lead and zine concentrate by differential flotation with cyanide 
and zine sulphate. 


Consolidated Mining and Smelting Co. of Canada. Fig.100. (116J 453.) 


Location: Kimberly, B. C. 

Ore: Principally galena, marmatite, pyrite and pyrrhotite, with a small amount of 
quartz and calcite. Brittle, grinds readily. Sulphides intimately associated. 

Capacity: 3000 tons per 24 hr. 


Assays. 
| 
Pb, Zn, Ag, Fe, | Ss, Insol., 

per cent. per cent. Oz per cent. per cent. per cent. 
pe os 10-11 12-13 3 32-33 $0-32. | «ee 
Lead concentrate.| 60-++ Toy E. ... falta (6 lita a eee 
Zine concentrate. . 4 40+ 

1 


‘Tailings eee: au aoe & Wikia | CRORES ve i ea ee oa 


* These are the tailing assays in the pilot plant. 


Distance: mine to mill, 3.5 miles. 


Summary. Differential flotation with tabling of the lead-zine froth from 
the early cells of the zinc-flotation machines. Crusurne: Jaw crusher from 
36- to 8-in.; gyratory from 8- to 2.5-in.; rolls from 2.5- to 1-in.; rolls from 1- in. 
to 0.5-in.; 2-stage ball milling from 0.5-in. to 95 per cent. —200-mesh. Con- 
CENTRATION: Primary lead flotation with 3-stage cleaning of lead concentrate: 
zine flotation of lead-machine tailing making finished zine concentrate: 
zinc-lead middling, which is tabled for zine making a lead-iron concentrate 
that is returned to lead flotation and zine middling; zine middling which 
joins the table-zinc middling and is re-ground and re-floated in a secondary 
azinc-flotation machine; and a tailing which is classified into sand and slime, 


the sand being re-ground with the zine middling while the overflow goes to 
the tailing plant. 


# ton side-dury cars 
/21000-ton bin (a) 
1a éxti-mn jaw crusher, set bin b) 
Grizdly,4-in. spaces 


me 
1 stationary melined sercen,15-in. 5g, holes (1) 
g 


17ix26-i, rolls (m) 7) 


10 30-mn. conveyor (n) 


1 stationary inclined sereen,0T5-in sg holes (1) 
ta1e14-in alts in) @ 
1D) 0-in. belt comrezor (0) 
Sampling mil EE 
Sampletp) 


, with evtomatc traveling tipgerta) 
1D 2500 -ton bin 
Ways 36-in roll feeders (i) 
4D/¢-m. belt conveyors {r) 
2a ib-in tele comseyors (5) 
29 x4 -in. conical ball mills(t) 


18 10- way distributor (v) 
10D 6x25 -ft prod Dorr duplex chaseifiers(i) 
Sand Overflow 

wy) ta Wiley wad, parpsly) 


ip ipulp-dersity ndieator (2) 
lLerr bow! classifie ile) 


Sand 
194-27 Wilfleg sand pomp (a 
104- way dette 
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200 962 36 -in, roll feeders (i) 
1@ D-in. belt conveyor (j) 
1DD-in. belt conveyor (h) 


y fo ti 
J eri 3 
4D 16-cell t4-in. modified standard M&, machines (ad) 
First or. flaws Iyer floussen bioitarB Gu 
Pela lpteaube Zine concentrate ¥ Dencityi 
I Flved floed sampler lilood sampler ear 
Sample Re} Heject Sample Reject Sample 
224-19, Wifey sand pumps{ay 
Weed sairpler 
, Mgt 


ae 9 eonefzq) | 
20 6-way ssoreet wet ips (a7) 


2a 4-7 Wifey pampefat) 
Vlad dati 


_—Lflood automatic sample 
fey Sample 
jane ou tank (as) | 
{eteaty box ‘4 Es ) 
193 -way i Sal es = ifecrbax i} 
5 (by) ~ pel! 4-in. s | 
ae! © y, ites Sus. alafoi) | aes cell 14-in modified a 
Cri ios 
Selah} top pinadamdla? WFlood sampler 
LJ feject faigle 294-12 Wifey papstan) 
104way dstribotar | 
On Wifieyp aps (az) 
2a4-in. wifey sand pumpsae) 
d pone eget Same 
1D8-cell. 44in. modified tandard UE mactinefad) 1 éombination shovel wheel and screen bax. = 
J T (Eo pee = eee er es OTe. 
Unaereze Ouercize 
2@ Sixt ft. Dorr thickeners (ay) 
Overflos 404-in.duples daphragn pampaaz) 
; 5 ees Pad ar | 
T Pond WLO-fi stock tark (eam addedj{ba} 
a or eens Sars crea ay parpstal) y 
la F-way distributog | 
3D EftE. pS hei sia Gio) 
filtrate Cae J Task aes | 
224-2 Wilfley sand perps (ag) Rept Ml sepply (ah) 10B- incommeye (tb, i 
iflood astomatic sam; oe etribcker with steam inlet es “a poh bn (be) 
Sample 2300-22 f2 bert tetera {{of) rates 
Tkickened peip Water Llectrolypbe-zie plant 
284-inWilfley cand emer ai) Hel sappy ahd) : 
la2- dstybtor ue 1200- Genter thetener ah) ll 
20 6- disk 6 aoe fitesajNof) 
Zt 2 fii Tank oredflae Cake tt peg) Mill supply (ak) 
Ml soppy tah) 1820-ft.2 ge tank{alp OE aba camegor (am) ees 
Se ees 48 50-ta7 bin (bc) 
RA €ars eee feject 
L apd Tailing posed (be) 


Fig. 100.—Consolidated Mining and Smelting Co. of Canada. 
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The feature of the plant, other than the outstanding one that it is the first large sub- 
stantially all-flotation differential mill on this continent, is the complete elimination of 
bucket elevators by the use of Wilfley sand pumps for all fine wet pulp, and of belt con~ 
veyors for dry material and so arranging the machines that no coarse wet material need be 
elevated. This is distinctly modern practice, and with duplicate pumps, as in this mill, 
markedly decreases lost time due to breakdown of pulp-transporting equipment. The very 
complete automatic-sampling equipment is also admirable and should quickly pay for 
itself in better control of plant operation. 


a, Air-operated gates. 6, 155 r.p.m. c, See Table 78. d, See Table 78. e, See 
Table 78. #, See Table 78. g, Standard gage. 314 miles. A, 150-ton. i, 0.57 r.p.m. 


Table 78. Conveyors in Kimberly mill, Consolidated Mining and Smelting Co. of 
Canada. (After Young) 


Reference | Width, Length, |. Bleps, Les Pli 
letter inches feet MMEAEr aver eet per Be 
foot minute 
c 42 2223 +374 40 w 
d 18 60 +314 100 6 
e 30 1235 +334 176 8 
ie 30 61.6 0 190 6 
j 30 67 0 155 6 
k 30 114 +33{6 182 6 
n 30 45 +3346 L75 6 
0 30 192 +3546 190 6 
q 30 133 0 ZU, 6 
rT 18 38 0 204 6 
Ss 18 38.5 +3%% 164 6 
am 18 185 0, +3 185 5 
bb 18 205 0, +3 185 5 


j, See Table 78. k, See Table 78. J, 2 ft. 3in. (wide) X 5 ft. 3in. 45° slope. m, 105 
r.p.m. mn, See Table 78. 0, See Table 78. p, Final sample, 1 part in 10,000. q, See 
Table 78. 1, See Table 78. s, See Table 78. ¢, 20.7 r.p.m. 40,000 lb. 3- and 4-in. 
forged-steel balls. See Sec. 4, Table 11. u, 97 r.p.m. v, 17 r.p.m. Slope, 2.5 in. per ft. 
w, 18.2 r.p.m. 40,000 Ib. 134- and 214-in. chilled white-iron balls. See Sec. 4, Table 11. 
x, Lift, 37144 ft. 860 r.p.m. y, Lift, 40 ft. 860 rp.m. z, Manometer type. aa, 3-ft. 
rake @ 16 strokes per min.; 10-ft. bowl, agitator 1.25r.p.m. Slope, 2in. perft. a@b, Lift, 
29% ft. 1150 r.p.m. ac, Cross-armed stirrer, 5 r.p.m. ad, 255.5 r.p.m. ae, Lift, 
45 ft. 1150r-pim. af, Lift, 35 ft, 860 r.p.m. ag, Lift, 37 ft. 860.2.p.m....@h;.“‘Dia- 
mond-Stiles” type. ai, Lift, 37144 ft. 1150 r.p.m. aj, 300 sq. ft. filtering area per 
machine, 0.2 to 0.4 r.p.m. ak, To sump feeding 1 @ 8-in. 2-stage centrifugal pump. 
1160 r.p.m. Lift, 160 ft. al, Cross-armed stirrer, 7.5 r.p.m. am, See Table 78. 
an, Lift, 42 ft. 1150 r.p.m. ao, Lift, 59 ft. 1150 r-p.m.. ap, Lift, 50 ft.. .1150 r.p.m. 
ag, 9 ft. 10 in. deep. ar, 14r.p.m. as, 24 Plat-O and 8 Wilfley. 295r.p.m. at, Lift, 
5544 ft. 1150r.p.m. au, 3-ft. rake at 15 strokes per min.; 10-ft. bowl agitator, 1.25 y.p.m.; 
slope, 2 in. per ft. av, 18.2 r.p.m., 40,000 lb. 134- and 214-in. chilled white-iron balls. 
aw, Lift, 34 ft. 1150rp.m. ax, Lift, 44 ft. 1150r.p.m. ay, lrev.in2 min. az, 36.5 
strokes per min. ba, Cross-armed stirrer, 7.5 r.p.m. 66, See Table 78. bce, Also pro- 
vision for 2500-lb. stockpile with re-loading plant. 6d, Lift, 20ft. 900r.p.m. be, About 
40-yr. storage. bf, The two 600-sq. ft. Genter thickeners and the submerged sections 
of the 5 American flters are connected through a 5 X 11-ft. vacuum receiver and condensing 
trap with the main vacuum tank. The drying scctions of the filter leaves are connected 
through a similar receiver with the same vacuum tank. Vacuum is provided by 2 @ 
31 X 12-in. Type ER-1, Ingersoll-Rand vacuum pumps, 220 r.p.m., 2295 cu. ft. per min. 
displacement each. Filtrate discharged through barometric leg. Compressed air is sup- 
plied at 5 lb. per sq. in. by 2 @ 14 X 24-in. Connersville blowers, 330 r.p.m.; 1800 cu. ft. 
displacement. bg, 1 @ 31 X 12-in. ER-1 dry vacuum pump, 220 r.p.m., 2295 cu. ft. per 
min, displacement. Vacuum receiver discharged by barometric leg. bh, 95 per cent. 
—200-mesh. bi, Pulp strongly alkaline (7 1b. sodium carbonate per ton), 50 per cent. 
solids, 70° to 75° F. Oil mixture, 3 parts water-gas tar and 2 parts coal tar creosote, 0.5 Ib. 
per ton with 0.1 1. sodium or potassium cyanide. bj, Copper sulphate, 1 lb., (0.33 lb. per 
ton of original flotation feed) and water-gas tar, added at the head of the cells, and 0.05 
to 0.1 lb. of a mixture of 9 parts water-gas tar and 1 part coal-tar creosote is added at the 
13th cell. 
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Northern Ore Co. (116 J 401.) 

Location: Edwards, N. Y. 

Ore: Ferriferous sphalerite (black jack) and pyrite with a little galena, pyrrhotite and 
chalcopyrite in a gangue chiefly diopside, calcite, talc and serpentine. The sphalerite 
contains about 62 per cent. Zn and 5 per cent. Fe. Analysis of ore: 17 per cent. Zn, 9 
per cent. Fe, 17 per cent. S, 0.12 per cent. Pb, 16 per cent. SiOs, 11 per cent. CaO, 13 per 
cent. MgO, balance undetermined. 

Products: Gravity concentrate, 25 to 30 per cent. Zn, raised to 45 per cent. in the 
magnetic plant. Jig tailing, 3 per cent. Zn; table and vanner tailing, 1 to 3 per cent.; 
magnetic tailing, 6 per cent. Zn. 


“Summary. Crusuine: Jaw crusher from 8- in. to 2-in.; horizontal disk 
to about 1%-in.; rolls in closed circuit with a trommel to 4-mesh. Con- 
CENTRATION: Material coarser than 8-mesh Table 79. Composition of Bunker Hill 
jigged to make tailing and zinc-iron con- 2nd Sullivan ore. (After Handy and 


centrate. Minus-8-mesh material classi- Rickard) 
fied and concentrated on shaking tables ; ie 
and vanners. Middling re-ground in rolls |_ Chemical composition | Per cent. 
in closed circuit with 12- to 18-mesh Bunk- | pp. issti—sts 10.3 
er Hill screens and returned tothe primary | Fe................... 18.0 
classifier-table circuit. Tailing to waste. es =e i As rer Oh 1 | mee 
Jig and table concentrates are re-ground |g" * 3 ee ae 
to —16-mesh by rolls in closed circuit with | CaO ................. idee 
Bunker Hill screens and treated in a | Si02......-........... 40.0 
Weatherby high-intensity magnetic separa- Co Piel, We) tes a4 
qore(ec 13, Art. 715) to remove blende. “|‘az.................1. Breton: 
Bunker Hill and Sullivan Min. and 
Conc.Co. Fig.101. (Q;120 P 485, 525.) Mineralogical 
Location: Kellogg, Idaho. composition 
117 ate ia ly Na Galena (argentiferous). 5 11.89 
Assays, June (1919): Feed, 10.05 per cent. Pb Sphalerite......... 3.57 
and 3.9 oz. Ag; concentrate, 68 per cent. Pb, Pyrite GE FMRC: 7 Es 1.57 
23.8 oz. Ag; tailing, 1.2 percent. Pb. For analy- Siderite.... Bese 22S sate nee 35.80 
ses of products of individual machines see Tables | Rhodochrosite...... 3.14 
80 and 81: Calcite. .2%... Bees 3.30 
Recovery: 90 per cent. Quartz. ..... 40.00 


Ratio of concentration: 7.5: 1. 
Table 80. Weights and assays of products of concentrators, West No. 2 mill, Bunker 
Hill and Sullivan M. & C. Co. (After Rickard) 


Feed Concentrate Middling Tailing 


bin Per | Per Per Per 
ee Tons|cent. ao Tons|cent. =a Tons|cent. tie Tons/cent. aoe 

Pb Pb Pb Pb 
iE MOGRTSE MOIS ie Scien ole a 210} 9.0/18.90 Set teel 5 100 |18.3)18.3 110 0.50/0.55 
Jie, 7-15-mm., primary... .| 100 |11.5/11.50| 8.0] 69); 5.5) 45/13.0) 5.8 oe 1.00/0.45 
Jig, 7-15-mm., secondary. .| 100] 8.0} 8.00] 5.0} 73} 3.6} 40/10.0) 4.0 55 1.20/0.70 
Jig, 3-7-mm., primary..... MOND Soleo. 0) ol ind 50 8.0} 4.0 45 UB, 0.70 
Jig, 3-7-mm,, secondary...| 80/14.0)11.20] 6.0} 65} 4.0} 65/11.0) 7.0} 7/1.50/0.10 
izesand, primary 18. %...2.\. 75|15.0]11.25] 5.0} 72] 3.6) 40/10.0 4.0 30 2.00)0.60 
Jig, sand, secondary...... 80 112.0} 9.60} 4.5] 73] 3.3) 40/14.0] 5.6 25 2.25/0.56 
Coarse-sand tables........| 185]15.0/27.63/20.0) 74/)14 8} 60 14.0/10.3 75 |2.00/1.50 
Fine-sand tables..........| 55|13.0) 7.15) 5.5) 75] 4 1} 20)12.5 2.5 30 pe oe oe 
Middling tables.......... 20 |12.5} 2.50} 1.0} 50} 0.5) 10 17.5 1.75} 10/2.50/0.25 
Risirricr ey Sey a? Be ck 100 |11.0]/11.00} 8.0} 67} 5.4} 90] 6.5) 6.0)....]... 7a 
ORATION eiiee Sheath fells es 100} 8.0] 8.00}/14.0} 50] 6.9} 2417.0/0.34) 85)|1.00/0.85 
CROUCH Oh eit teis as [Pore ee elie cae 82 .0/67.5)55.4 517 |1.20|/6.21 
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Art. 22. LEAD AND ZINC 171 


Electric trains from tunnel 
1400-ton bin 
1 @ 42-in. belt conveyor 
with mushroom magnet (a) 


= 
Grizzly, 1.25-in_ spacin: tron 
4) a) 


2@ N05 gyratory crushers 


Revolving 2-way distributor 


Section 1 Section 2, duplicate of 1 
2@ 48-in. x5-ft. trommels, 15-mm. rd. hole 


49 —2 Bein eft trommels, Timm rd. hole 
3 Py aren Harz jigs (e) 2@)44-in. sectional Titi (d) 


conc-fg) Lif) H-mmn, 4+ 2-mm. -) 


2 @4-compartment Harz jigs (2 1@ 4-comp 
Ist cup Cups, 2,3.4 Gj) Harz jig (€) 
ht) M (i) (r) apt Cup 2 Cup 24 Tn 


1 @ 20-in.x2-ft. trommel Gm. screen CE) OH (omyr) 


7) 7) 
@ 36114-in. rolls 


Belt conveyor 


2 trommels, 30-mm. opening 
) 


«& oa 
1 @ 36-in. horizontal-spindle disk erusher, set 0.75-n. a 
elt conueyor 


Trommel, 30-mm. opening 
(+) 


pes 


1 @ 6-in. drag-belt classifier 1700-ton mill bin 
coy pater Sand Peto Overflow 5 belt-driven Challenge feeders (b) 
® un i" SETBENE, mesh LOn-Cay Belt conveyor with weightometer (c) 
2@ 4-comp. Harz jigs (ce) (oa) 
i 7 Cup 2 Cup3A () 
£0) cy) 4 (4) (r) Slough-off tank 
Overfio 3 
1@ 30-in, x2-ft. trommel feeder Re . Spigot 
25) i @ -7 + Z-mm. () 1 @ 6-ft.x22-in. conical pebble mill (t) 
LOLS LM Ti Econ arz ig Ae) 1@ 16-in. bucket elevator 


Cup 1 Cup 2 Cup, 24 T 


& Lf M 1 @5x17-ft. Esperanza classifier 


Sand -200-mesh overflow 


1 @16-in. buchet elevator 
2@ 48-in. sectional trommels (d 


+7-1m. 1@ 6-in. drag-belt classifier 
2@ 4-comp. Harz jigs (<) Sand Overflow NOREEILATS #5 


eT a 
ay, u Cup oo ae 2 Bunker Hill screens, 22-mesh Ton-cap 
aa —— 
<9 2@ 4-dyp. Harz jigs oO Overflow 


‘ 
1 @ 20-in.42-ft. trommel feeder, 3-mm. screen —2@ 4comp. Harz jigs__ 
(4) Cup oc 2 rst vis 


; aiken! 
1@ I6114-in. role * © 20: 


Settling tank d 
Bi A 1 Bunker Hill chip screen 
Bare ri 0 un) f ay 


— wm A F 
Wood 4 @ 5-spigot Calumet classifiers 
Spigot 1 Spigot2 Spigot 3 Spigot 4 Spigot 5 
5 Card tables 4 Card tables 3Card tables 2 Card tables 2Card tables 
SL eee eae as i Ke 


ts 
hy) mM Tr) Cay Tw) Civ) M T(w) Clu) M Tin) Clu) 4 TQ) 
ae ees Sy ne a9 | we) 


4 @ 6x22-in. conical pebble mill 2 Card tables 
[om qf % 2 V-tanks 
Querflow Spigot 

20 @ 6-ft. Frue vanners 

1 @ 40x12-ft. Dorr thickener T ie 

| a Te eT ar ESF a. = 

0 
Spigot G) Luediow 1@ 4d 2-ft. Dorr 


thickener (a¢ 


——— 
2 @ 16-cell Bunker Hill flotation machine (gh, > ‘Spfjot (af) Dieiflow 
) Te) SRE ms 

Rough eqne. (aa) 4 standard Callow cells O 5x6-ft. 


Oliver filter 


1 @ B-cell Bunker Hill flotation machine (ah) Tar) 
Cad) Cake (ag) Fillrate 


a, 17 to 55 ft. per min., Reeves double-cone variable-speed drive. 6, 14-in. wearing 
plate on disk lasts one year. Feed rate remarkably uniform. Driven from tail pulley of 
following conveyor. c, Inclined +22°-30’. Blake-Dennison weigher. Weigher error 
less than 0.5 per cent. d, Sections 30 in. long. Screens on first 3 sections 3 X 6-mm. 
slots; on last section 7 * 12.7-mm. slots, long diameter of slot in plane at right angles to 
axis. e, Discharge cups at center of discharge ends of compartments. Hutch products 
routed, in general, with corresponding cup discharges. See also Sec. 9, Art. 3. # 0.4 to 
0.5 per cent. Pb. g, 18 to 25 per cent. Pb. h, 65 per cent. Pb. i, 10 to 13 per cent. Pb. 
J, 0.7 tol percent. Pb. k, 75percent.Pb. L 65 percent. Pb. m, 7 to 10 per cent. Pb. 
n, 1.0t01.2 percent. Pb. 0, 77 percent.Pb. p, 70percent.Pb. g, 8to10 per cent. Pb. 
r, Normally routed as shown. Occasionally sent to smelter as flux on account of high 
iron content. s, 1.3 to 1.5 per cent. f, Grinding to 20 mesh, open circuit. u, 72 to 74 
per cent. Pb. v, 1.75 to 2 per cent. Pb. w, 1.5 per cent. Pb. x, 50 per cent. solids. 
95 tons solid per 24 hr. y, 60 to 65 per cent. Pb. z, 3.5 to 4 per cent. Pb. aa, 30 per 
cent. Pb. ab, See Sec. 12, Art. 13 (Parker machine). ac, 1 per cent. Ph. ad, 45 per 
cent. Pb. ae, Automatic intermittent discharge regulated by oscillating gate. af, 35 
Per cent. moisture. ag, 11 per cent. moisture. 


Fic. 101.—Bunker Hill and Sullivan Mining Co. 
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Summary. Crusuinea: Gyratory, 10- to 1.25-in.; disk crusher, 1.5- t 
0.75-in.; rolls, 1- to 0.5-in.; rolls, 0.6- to 0.25-in.; rolls, 0.3- to 0.15-in.; 2-stag 
reduction in open-circuit pebble mills to 200-mesh with screening, or classifica 
tion and concentration intervening between all crushing steps following th 
disk crusher. CoNCENTRATION: Jigging at 4 sizes on primary feed and 3 size: 
on re-crushed middling with removal of concentrate and tailing; tabling o 
—14-mesh sands after classification, making both concentrate and tailing 
heavy mineral taken out of slime by vanners; vanner tailing and finest slim 
floated, combination routing. = 

This flow-sheet is typically a graded-crushing and graded-concentration scheme wit! 
flotation added to clean up the slime, but taking a minor part in the flow-sheet as a whole 
Further development is to be expected along the line of-elimination of primary hydrauli 


classification, tabling of unclassified feed, cleaning the rough concentrate on tables, re-grind 
ing all tailing, except, perhaps, that from the coarsest jigs, to flotation size and floating. 


Silver King Coalition Mines Co. Fig. 102. «(116 J 369.) 


Location: Park City, Utah. 

Ore: Both sulphide and carbonate treated. SurpHripe: galena with tetrahedrite, pyrit 
and a little blende in quartz and dolomite. CARBONATE: anglesite and cerussite in th 
same gangue. About 1000 tons per month of carbonate ore. 

Capacity: 300 tons per 24 hr. 


Assays: 
Au, Ag, Pb, Cu, Zn, | *Fe,. ..| 2810s 
Oz. OZ. per cent.)per cent.j/per cent.|/per cent.|per cen' 
Sulphide ore: | | 
Rieeding ce setas ve sci « | 0.02 5.9 6.8 0.10 3.4 8.5 | 50.4 
Concentrate. ......| 0.05 21.4 30.9 0.20 2.8 16.4 15.6 
Tron middling...... 0.04 10.4 6.3 0.25 5.6 30.9 14.4 
Paging sees. ste 0.005 2.0 1.3 Tr. 1.5 2.4 66.2 
Carbonate ore: 
INGO Rca seis Seis 0.02 5.0 5 0.10 432. 2.6 56.2 
Concentrate. ....5: aeons 25.5 wot 0.60 6.0 4.5 32.8 
sailing <<. see. oe || 0.01 2.0 LEG. Ryne. eter 3.0 eo 68.0 
| | 


Recovery: Carbonate ore, 75 per cent. Sulphide ore, without flotation, 85 per cent 
with flotation, 90 per cent. (est.). 

Ratio cof concentration: Sulphide ore, 3 : 1. 

Power: 34 hp.-hr. per ton milled. 

Costs: About $0.90 per ton milled (1923). 


Summary. Gravity concentration by jigs and tables followed by flotation 
CrusHING: Gyratory crusher from 8- to 1.5-in.; rolls from 1.5- to 0.5-in.; ba 
mills from 0.5-in. to 16-mesh. CoNnceNTRATION: Jigging of closely sized feec 
on Harz jigs; tabling of closely classified fine material on shaking table: 
sulphide slimes floated in pneumatic cells, rougher-cleaner routing. 


Notes to Fig. 102. 


a, Surface ribbed by means of 1 X 2-in. angles bolted on with 1-in. leg projectin 
Wear practically nzl. Feeders staggered in 2 rows on i-ft. centers along bottom of bi 
Maximum size of feed particle about 8 in. 6, 18 X 8 X 84%-in. buckets, 20-in. center 
204 ft. per min. c, 5-ply, 258 ft. per min. d, Capacity, 1200 tons sulphide ore and 101 
tons carbonate ore. Discharged through narrow lengthwise slots in the bottom. e, Ty 
for sulphide ores and one for carbonates. 5-ply belt. 15 ft. per min. maximum spee 
Ratchet drive. f, 5-ply. 236 ft. per min. + 20° slope..-.Ore rolled back when speed w 
250 ft. per min. g, 1 @ 6-in. section removed to cut sample. A, About 5 per cent. of fe 
by weight. i 67 r.p.m. j, 12 X 7-in. buckets spaced 16 in. 5-ply belt. 354 ft. per mi 
k, 193@ X 30-in. compartments, 5-mesh screen, 165 @ 1l-in. strokes per mi 
!, 1936 X 30-in. sieves, 4-mesh screen, 215 @ %-in. strokes per min. m, 191% X 30-1 
sieves, 4-mesh screen, 240 @ }4-in. strokes per min. n, 1934 X 30-in. sieves, 5-me 
screen, 270 @ 3¢-in. strokes per min. 0, 194 X 30-in. sieves, 5-mesh screen, 280 @ 546-1 
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Mine cars 
Com Sa mmemiinaet:. tere at 
1 @ 1660-ton sulphide- 7 @ 1100-ton carbonate- Hovper 
SETAE Pega 2@ 18-in, belt conveyor (c) 
Alike Mill bin (d) 


3@ 18-in. armored belt conveyors {e) 


7 @ 18-in, inclined belt conveyor 
with weightometer (f) 


1 @ 24-in.apron conveyor (g) 


Reject Sample (h) 
Sampie room 


30x36-in. pulley feeders (a) 
Movable hopper 
Belt conveyor 
Stationary grizzly, 1.5-in.- space 
- 


Ga) 
1@Ne. 6 gyratory crusher, set 1.5-in. 


a 
7 chain-bucket elevator (b) Reject Sample 
(ne ee 


Water 
Hummer screen, 0.5-in. opening 
> 
____ Hummer screen, 0.'12-, 0.19-, 0.31- and 0.44-in. openings 71@ 46116-i9" rolls set 0,5-in. (i) 
ai ‘ 
+0.44-in. +0.31-in. +0.19-in. —— +0-12-in. FUMED BL gies SI AY) 


2Harz jigs(k) 2 Harz jigs (I) 2 Harz jigs (m) 2 Harz jigs (n) 4 Harz jigs (0) 


)(p) T C(P6)(p) &(Pb)(p) T &(Pb)(p) T &(Pb)(q) M(Pb,Fe)(r) T 


—— rae eee 
Sand 


7 @ 360-ton storage bin i ie 


Chip screen 
- as P ; +) C) 
1 @ 7-ft.x22-in. conical ball mill 1 @ 48 ft. Marcy rod mill Waste 


1 @16-in. belt-bucket elevator (s) 


1 duplex Callow traveling -belt screen, 16 mesh 


(-) 
Ba 1 @ 3-spigot hydraulic classifier 
Spigots 2 and 3 Overflow 


Spigot 7 
2 Wilfley tables 2 Wilfley tables 7 @ 6-spigot hydraulic classifier 
£(P) (@) - , E) @) w ; Spigot 14 Spigot 5 Spigot 6 Overflow 
4@ 1x12-t & Wilfley tables 1 Wilfley table 1 Wilfley table 
de-watering tanks C(Pb) (x) M T C M A ¢ M T 
——- 
verflow Sampler ptt lore! 
a RS TT TET SY 
Smelter D 
7) 
Goldfield tank 2@ 26x/0-ft. Dorr thickeners 
- ln aes! J 
Overflow Spigot Spigot Overflow 
1 @ 26x14-ft Carbonate ores Sulphide ores Mill-supply tanks 
Goldfield tank 6 Plat-b tables Ty *| 
peop 
Overflow Spigot C M T 1 @ 3x18-ft. Callow cell (wv 
fl 
ill-supply tank Pump Overfiow ve 
1 @ 3x8-ft. Callow cell 
im <— 7 et 
1@ 3-leaf 6-F2. i on if Le + f c 
: : 4 f ; a 
American filter wh e iF si 2 Pump Goldfield tank 
a Filit =n pias Seis 
Dryer Mill-supply Lar 
melter tank = 


1 @ 2-spigot classifier 
Overflow Spigots 
Waste 
Fig. 102.—Silver King Coalition Mines Co. 


strokes per min. p, Average assay, first-compartment discharge, 42.4 oz. Ag, 59.6 per cent. 
Pb; second-compartment discharge, 34 oz. Ag, 32 per cent. Pb. 4, First-compartment dis- 
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r, Second-compartment discharge, 11 oz. Ag, 15 per 
cent. Pb, 26 per cent. Fe. s, 5-ply belt, 16 X 7-in. buckets spaced 16 in. 375 ft. per min. 
t, 16-in. belt. 2 2 X W4-in. angles spaced 12 in. Slope, 40°. 3,15 ft. per min. u, OF 
lb. pine oil and 2 Ib. Barrett No. 4 (coal-tar creosote) per ton of ore. v, Feed, 20 per cent. 
solid. w, 10 oz. Ag, 6 per cent. Pb, 30 per cent. Fe. x, Average assay, 50 to 60 per cent. 
Pb and 27 to 35 oz. Ag. y, Average assay, 21 per cent. Pb, 20 oz. Ag. 


Federal Mining and Smelting Co. Morning mill. Fig. 103. 


Location: Wallace, Idaho. 

Ore: Complex. Mineralogical analysis of average ore, per cent.: Argentiferous galena, 
10.2; sphalerite, 7.2; siderite, 35.4; calcite, 2.5; rhodochrosite, 3.9; quartzite minerals, 
40.8. Pyrite, ayirhotite, stibnite, bhrite and other minerals are found in varying amounts. 

Capacity: 1500 tons per 24 hr. About 300 tons removed in the sorting plant. 


1200-ton bin ‘ 
4 belt-drag classifiers 


2 @ 15x9-in. Blake, crushers, set 4+-to 6-in,, 


charge, 31 oz. Ag, 53 per cent. Pb. 


Q; 120 J 422.) 


2@14-in. belt conveyors (a) Sand Overflow 
6 1@ 48-in.x6-ft. trommel, 1.5-and 2-in. holes _ 28 Wilfley tables (t) 
=) 7 
1@ 4x3-ft. shaking feeder 1 @ 14:in. belt conveyor (b) is f alg C (Pb) 
26-in. gorting belt fd 2 V-tanks® 2 drag classifiers 
Waste (¢) Lead cone. (9) Belt dischar Sand Querflow Sand Overflow 
Bin 12-in, conveyor 2@M iy, sat | mel = - 
Cars (f) 50-ton bin crushers, set 1.5;in. (h) 1O.Wilfley tabled () as Wiley table OE 
——— { T T 
CEE Belt sampler, 4, veut SO SSSI; Sn 
R. R cars Reject Sample d_belt-drag classifier (u) 
Smelter Y Sand Overflow 


350-ton bins Sample mill 


1@ 50-ton bin 


Automatic feeder (c) 
Oil and 


1 Os x36-in.conical ball mil) reagents 


1 @ 54 -in. Akins classifier Hardinge, ball milt 


Automatic feeder (c) 


& Cascade rougher cells 


Rough cone, (Zn) 
2 Cascade cells 


2@ 14-in. drag-bett-classifiers (w) 
Fak a cE INE 
Sand Overflow 


iI 


Sand Overflow Dorr classifier T 
x Overflow Sand 2 James tables (v 
2 Automatic feeders (c) M C (Zn) 
2 @ 36x14-in. rolls, set % -in, 1 @'d-call 0 and.D 
d oo machine (i) Gee eee Veta 
2 Osea o te pommes Fo (Overflow Dewatering drag (x) water 
ay et ae B-cell 0 Sand Overflow 


—l-in. + %-in. 41-in, 


Overflow 7@ TxT2-ft. tube mill (y) 


1 drag classifier, 94.5-ft. per min. 


and D a a’ 


1 a 2-cell 0 and D machine 


2@1-comp. Harz jigs 


= 


Wood Tramp iron Gate Hu: 
==. SSS ries C( GES if Sand Querflow 
2 dewatering feeders ( n) Alternative 
@) (5) ; 6 Wilfley 6 Dorr thickeners 
2. @'29x74-in. rolls ‘he netiineg ag tables (1) Gaon 
, S-min. é T &@6-cell 0 and ——= 


D machines 
Overflow 1-3 Overflow 4-6 T 


Te omeeen | 
2 dewatering feeders (3) 
) 


& oO 


> 
2 @ 36x14-in. rolls, set, % -in. i 
ic ‘ain eae 6-cell 0 and D BES 


‘ 


Overflow 1-5- Overflow 6 
7 @ 6-cell 0 and D machine 


Y ie SSS ES. Say BS 
Overflow 7-4 Overflow Overflow 6 
C (Pb) 


mel,Yy -in. holes (k) 


@ 42-in. x9-ft. trom- 


mels, 5-mm, Sn 
ieee 


4 drag classifiers (m) 


3 Pachuca tanke. 


Sand Overflow 
aaa aaa. | 
2 drag classifiecs (0) 10 standard €allow cells 
1 drag classifier (n) Overflow Sand } Overflow 
Sand Overflow : 7 @ 200-ton — , _£ 10 standard Callow cells 3 standard @allow cells 
Overfi ph dae ) 
1 drag classifier _(p) ufo £ Cin A 
Sand Overflow 1 @ 10-in, drag 
: 2 @ 30 ft Dorr thickener 30-, cena nee Dorr thickeners] _ Over thickeners ore thickeners] _Overfiow classifier (ab) « 
6 @8-ft. x22-in. conical pebble mills (q) Overflow 
1 @ 8-ft. x36-in. conical ball mill (r) pe ka Spigot . Se 
6 Federal revolving screens (s) 1 drag classifier drag classifier (ey — 2 @ 14x14-ft. drum filters 
Cvbrsize ie ©) — |Granutar cone. Overflow Filtrate Cake 
Co nue Vor 1 @ 30-ft. Dorr thickener Water 5s ae 
Bin Spigot Overflow A Gee 
RRicare 2 drum filters (aa) Water me ars 


Filtrate 


Fig. 103.—Federal Mining and Smelting Co., Morning mill. 
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a, 208 ft. per min. 6, 142 ft. per min, Rise, 214 in. per ft. c, Cam and spring, 102 
strokes per min. d, 88 ft. long. S8-ply. %-in. cover. 40 ft. per min. 10 pickers. 
0.34 ton removed per man-hr. See Sec. 7, Art. 3. e, 100 tons picked. f, Electric haulage 
to dump or mine. g, 200 tons picked. h, See Sec. 3, Table 15. i, Horizontal-drum, 
centrifugal-type bubble-column machine. 80 r.p.m. j, 245 @ 1-in. strokes per min. 
k, 15 r.p.m. J, Slope, i in 634. Belt speed, 94 ft. per min. m, Slope, 1 in 6. Belt 
speed, 56 ft. per min. n, Slope, lin 6. Belt speed, 70 ft. per min. 0, Slope, 3% in 12. 
25 ft. per min. p, 54 ft. per min. g, 23 rp.m. See Sec. 4, Table 77. 1, 19 r.p.m. 
See Sec. 4, Table 11. s, Drum type. 16-mesh. 15r.p.m. ¢, 240r-p.m. u, 16-in. belt. 
75 ft. per min. v, 300r.p.m. w, 24 ft. per min. x, Slope,1lin2. 5ft.per min. y, 22 
r.p.m, See Sec. 4, Table 65. z, Slope, 744 in 12. 60 ft. per min. aa, 1 @ 6 X Sft.; 
1@10 X 11-ft. ab, 43 ft. per min. 

Distances: Mine to mill, 2.5-mile tunnel; mill to lead smelter, 260 miles; to zine smelter, 
1500 miles. Water transported one mile by flume. Hydro-electric power from Montana 
Power Co., 24 miles at 100,000 volts, then 5 miles at 16,500 volts. 

General: Sloping mill site. 


Summary. Hand sorting, tabling and differential flotation. CrusHiNa: 
Careful graded crushing in jaw and gyratory crushers, rolls, and cylinder mills 
in closed circuit with screens to 16-mesh. CoNcENTRATION: Hand sorting at 
—6 +2-in. Tabling of —16-mesh sand to make lead concentrate. Middling, 
re-ground in tube mills, joins primary slimes and is floated in centrifugal 
and pneumatic bubble-column machines to save lead and zinc differentially. 


Central Mine. Fig. 104. (28 IMM 5.) 


Location: Broken Hill, Australia. 
Ore: Galena, low-grade sphalerite and silver in gangue composed principally of quartz, 
rhodonite, rhodochrosite and garnetiferous sandstone. Minerals are freed at 0,.012-in. 


(0.32-mm.). 
Capacity: 600-700 tons per 24 hr. 
Assays: 
Ag, Pb, Zn, Weight, 
OZ. per cent, per cent. per cent. 
a aA wteeriet ¢chunerdice nw erent nee ees 11.8 14.0 15.6 100.0 
CAC <COMCEMERATCACE) srokemds o. jpeyesis cm +e oe 40.8 64.6 9.0 17.4 
Mead concentrates (D)) 2). ismucidnvalsvas oe oe 39.3 58.1 13.8 1 
PAHOLCONCEDEEDUC. Gate oe ie ra es 12.8 Sad 47.9 272 
MRL MER MINE ONS vpvigs a. ispaidias-ays Spee, «oe baka ots 1.3 hoi 1.5 54.1 


a From jig and cascade flotation. 6 From sub-aeration machine and Wilfley table. 


Recovery, per cent.: Ag, 64.4; Pb, 85.6; Zn, 83.3. 

Summary. Jigging for coarse galena (—1%-in.), differential flotation for 
bulk of fine galena, collective flotation for zine and balance of fine galena 
with separation of collective-flotation concentrate on Wilfley tables. 


This flow-sheet is a development from another in which, substantially, shaking tables 
and vanners occupied the place now taken by cascade flotation. Representative results 
in the older operation are given in Table 82. The selective flow-sheet shows marked 


Table 82. Performance of Central mine gravity-and-flotation plant. (After Harvey) 


Ag, Pb, Zn, Weight, 
Assays ounces per cent. per cent. per cent. 

ee Ce reise. antes hau seston Sade» =09 11.6 14.5 16.4 100.0 

Se 7.6 fg 
Lead concentrate (a)........-. 32.9 67 6 6.2 15.5 
Lead concentrate (b).......... 4508 60.6 SoS le 
mimerconcentrate.. . os... 16.1 8.3 45.8 30.8 
Sianlitignd tine dopeal xiok- Rebs a3 - Die: 1.8 2.9 52.4 
Recovery, per cent.........---- 49.2 NG, Taio Unt MAIR | Sa eon 
_ b From tables treating flotation concentrate. 


@ From primary tables and vanners. 
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increase in silver and lead recovery with somewhat lower zine recovery. The grade of 
the present lead concentrate is lower, but the zine concentrate is better. Economic results 
should be distinctly in favor of the present plant, as the increased recovery of lead and 


silver, the bettered grade of zine concentrate, and probable decrease in labor and 


main- 


tenance should much more than counterbalance the lower grade of lead concentrate and 


ower zine recovery. 


: 5 Crude ore 
De-sliming classifier Jaw crusher 
a ea a ea 
Slime Sand Ro Is 
eereege ene Soreens,%-in. opening 
i © (Po) & 


: Re-ground to 40-mesh 
De-sliming classifier 


Mim 
Slime Sand } T 
Oil (a) 9-comp. @ 42-in. sub- 
Thickener : aeration machine 
(“raeisisl eit title: Cascade flotation 
Overflow Spigot r Overflow 
Mill supply Draininaibelé Wilfley’ tables 
Slimy water Settled solid C (én) C (Pb) 


= 


5-comp. @ 42-in. sub-aeration machine 
8 SS SL 


a 


I~ 


a, Aver. 0.125 oz. per ton of a mixture of coal tar and eucalyptus oil, varied as necessary. 


6, Pine oil and wood-tar oil (and probably sulphuric acid) added as needed. 


Fic. 104.—Central mine, Broken Hill. 


Roseberry concentrator. Fig. 105. (114 J 677; 101 J 463.) 
Location: Roseberry, Slocan District, B. C. 


Ore: Argentiferous galena and sphalerite with considerable pyrite and siderite in quartz 
and slate. Silver occurs native and as tetrahedrite, proustite and argentite, very finely 


disseminated in the galena and blende. 
Capacity: 150 tons per 24 hr. 
Assays: Surprise ore (1915). Gravity mill only. 


| Ag, | Jefe, | Zn, 

OZ. per cent. | per cent. 
GGdNe 22 racemes Pct. 8.6 | 192 
Concentrate weDi eo menewie 118.0 62.7 9.7 
Concentrate, Zn (a)........ 23.8 3.4 39.0 
INES Bite eahe (72) eoesat es rage ae ee ee Sem 5.6 0.3 | 9.1 


a re a ee 


a For present flotation concentrate and tailing see Table 83. 


Table 83. Flotation results at Roseberry mill. (After McFadden) 


Feed Concentrate Tailing 
Ore Ag, Pb, Zn, Ae Pb, Zn, Ke" Py Zn, 
we per per are per per ae per per 
cent. | cent. cent. | cent. ei cent. | cent. 
Bosunte teas ss cto ABS 7.,7.o ONO 12.6 | 95 2a 44. aly 0 0.6 
Sarprise.. oT Se ee 22.3 1.2 11.7 | 94.5 5.0 42.6 3.7 0 3.0 
NVATOCUE ction cs ett 12.0 i eS 9.8 | 45 3.3 45 0.6 0 0.8 
Canadiameecece san eae) 12.0) U0) 9.6 | 58 3.9 | 44.9] 0.6 0 0.6 


Summary. Gravity concentration by jigs and tables for lead and bulk o} 
silver followed by flotation for zine and balance of silver. Crusnine: Jay 
crusher, gyratory and 3-stage roll crushing for jigs and tables with re-grinding 
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of —6-mm. tailing to flotation size in ball mills. ConcmnTRation: 5-stage 
jigging after ‘sizing and classification with tabling of de-slimed sands. Col- 
lective flotation of primary slime and re-ground middling. 


Railway dump cars (a) 
1 @ 20x30-in. Jaw crusher, set 2-in. Track ‘hopper 
Picking belt 78-in. belt conveyor 
ED gi can a er a 


eet ee 


Residue Picked 
1@WNo, 2-D Gates'gyratory, set 1-in. High-grade lead cone. 
Elevator 
Mill bin Elevator 
Fe 2 es y @ 48x60- in. trommal,12-mm. screen 
a 1 @ 48x60- in. Hoel 9-mm. screen (+) 
Sample (b) Reject G) (+) 
Tere 1 (@ 48x60-in. trommel, 6-mm. screen 
ee 
7 @ 48x60-in id 3-mm. screen OH) 
5 : : : 1 @ 5-comp. Harz jig 
as ——— eee 
Culver hydraulic classifier  o(Pb-A C(Zn) mM 
Overflow Spigot 
2@ 5-comp. Harz jigs 1@ 4-comp Harz jig 
1 @ 50-ft. V-tank Pb-A M f T 1 
@50-ft V-tan | OSE emer mM C(Zn) —C(Pb-Ag) 


Overflow Spigots 2 @ 5-comp. Harz jigs 


: ' Se 
8 Wilfley tables C (Pb-Ag) C (Zn) M 


M C (Pb-Ag) 


Fine rolls 
2@ 2-comp. Harz bull jigs 


C (Zn) C(Pb-Ag) 


( 
Intermediate rolls 


1 @ 8-ft. Callow cone 
Overflow Spigot 
1 Deister slime table 1 @ 6x4-ft.ball mill 
C (Pb-Ag) 1 Dorr duplex classifier 
Overflow Sand 


Oil), 1@ 28-ft Darr thichener_ 
Spigot (c) Overflow 


Centrifugal pump 


1 @ 35-disk Hynes flotatn machine ( i) 
Glen r 
1 @ 35-disk Hynes flotation machine (f) 
(000 SS SS SY) 
C (Zn) T 
1 @ 50-digk Hynes flotation machine (f) 
(Set Re Roe Fg 


C (Zn) T 


1 @ 18-ft. Dorr thickener 


Overflow Spigot 7 @ 100-disk Hynes ‘flotation machine (f) 
7 @ 4x6-ft. Portland filter T (d) M 
=x = 
Cake Overflow 
a, Gathering from aerial tramways from 4 widely separated mines. 6, Full stream 


caught for 30-second period every 15min. Alternate-interval samples weighed for tonnage. 
c, 30 to 35 per cent. solid. d, 10 to 12 per cent. Zn. e, 3 or 4 parts water-gas tar to 1 
of hardwood creosote. Total oil from 1 to 2 lb. per ton. Some added to machines, if 
desirable. About 0.75 lb. per ton of copper sulphate. f, 30-in. disks of 12-gage plate, 
0.5-in. perforations. Rotor speed, 90 r.p.m. 


Fic. 105.—Roseberry concentrator. 


United States Smelting, Refining and Mining Co., Midvale plant. Fig. 
£06. (Q; 73 A 342.) 
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Railroad cars 
} @ 250-jon bin (a) 
Grizzly, 1.3-in. spacin 


1@ 780-tan mill bia 
Plunger feeder Water 


©) () Bucket elevator 


2 & 36-in.x6-fi. trommels, 0.3-in. rd. holes = 


'. - 
1@ 20r10-in\ Blake crusher, set1.§-in. (y) 


Bucket glevator 
1@ 42-in.x6-f. trommel, 0.8-in. rd. holes fe) 7@ garléein rolls (a) £ @ pace: ftirommels 
= sourpin i _Semoter_ f2 @ 36-in. 59t tromme!s, a 
Reject Sample t _ 0.087-in. opening (c) 


Clee Fa pS ena 
2 @ 36-in.x5-ft. trommets, 0.053-in. opening (¢) 1 @ 3-sieue Narz 
&) hig (¢ 

Hutch conc. (i) i 


ree sig 
1 @ 42-in. double-cone hydraulic classifier 
Querfiow Spigots 


—— 
1 double 3-sieve Harz jig (e) } @ S-sieve Harz jig (e) 
utch conc. (i) aM Hutch conc. (i) u 


1 @ 3-siewe Karz jig (e) 
| A Hutea cone. (i) 


1 @ 30-in. shovel wheel 


—sS— 
Overfiow Shovel product 


1 @ 9-ft. cone 1 @ 36x16-in. rolis, 
set for 12-mesh (a) 


~~} 
Bucket elevator 
2 @ 36-in.x5-ft, trommels, 12-mesh screens (ec) 


Sees = |. - [Sa cere 
a. 2 (—) 
? @ 36x16-in. rolls, set for 12-mesh (a) 


Overflow Spigot 


2 @ 20-in. double-cone classifiers 


——=<— 
? double-cone classifier ‘ Qverfiow Spigot 
Overfiow Spigot 1 @ 8-sieve Harz jig (f) 
fa Don tp : —_—_—_—_—_oOoC— 4 
Double-cere classifiers (9) : 2S Ser Hutch cone. (i) u 
a?) Hutch cone. (i) x 
Ouerflow Spigots 
; <n ba 
Finest latermediate Coarsest 30-in. dewatering wheel 
! b 7 shaki s  -SEGnebasesa 
2 Ouerstrom tables 7 shaking — (k) 4 _4 shaking tables (h) Geert Sand 
ce) aS wos Jt Slime @ (i) ) Slime T ¢@® # 
ts a= ein 1 @ 8-ft. cone 
itfley tadles @ ¢-in, Wiffley pump LP eaaemenay 
aa th 6) FT 1. @ 8-7. cone tank Goceflon— Senet 
e c oS} ate 
Querfiow Spigot Wilfiey table 


) Wilftey table Slime C() CG) T 
So) => = 
e€® e¢@ T Slime 


14 @ 8-ft. cones (k 
Overflow Spigots 


7 Deister slime tables 


Bucket elevator (m) t C (i) C Q # T NG 
—Zeaining bin Sp Laer 2 @ SxI4-ft. tube mills (0) 
RR cars Water en Bucket elevator 


eu) Lg 


8 double-cone classifiers in series 


<4 ae 1 


8 Spigots 1 Qverfio 
abe - ——— 8 Wilfley tables 1 @ 8-ft. cone 
1 @) C@ I Slime 4 if Sime £ eCQe e@ t) Spigot Overflow 
1 Ruggles-Coles. type A dryer (p) » 1 Wilfley table 


(e) 
Bucket Laseiead aa 
Distributing box 


Lt Slime € t 


Hummer screens s Newaygo screens (r) (s) 
—100-mesh +100-mesh +60-mesh t+40-mesh +16-mesh t16-mesh +40-mesh +60-mesh +160-mesh -100-mes 


20 Huff electrostatic rougher machines (x) 9) 

eos ee eS ee eee 
Rough én conc. Rough iron cone. 

20 finishers 20 finishers All mill tai a ag by launder 
ee eee rip 
M c (Zn) e (Po Fe) M 10-ia. i inverted siphon Spigot 
| Bins Bins 90-ft. Dorr thickener Wilfley sand | 
Ponds 


Overflow (w) 
Fic. 106.—United States Smelting, Refining and Mining Co., Midvale plant, 


oj 
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_ @, Diseharged through rack-and-pinion gate, hand operation. 6, About 25 per cent. 
__¢, See Sec. 5, Table 26. d, See Sec. 3, Table 22. e, 36 & 24-in. sieves. Sieve openings 
larger than largest particle of feed; all concentrate from hutch. See Sec. 9, Art. 3. Bedding 
replenished by hand as necessary. Continuous spigot discharge from fine jig; intermittent, 
through manually operated molasses gates, from others. f, 24  36-in. sieves. See Sec. 9, 
_ Art. 3. g, A series of these ranging from 30- to 42-in. diameter. h, Wilfley and Deister 
“Plat-O. See Sec. 10, Table 1. i, Lead-iron. j, Zinc-iron. k, In series. J, About 
130 tons per 24 hr. One mill only used except when considerable quartzite is present, 
when 2 are required. Operated to just liberate mineral and produce as little slime as 
possible. m, Some of the lead-iron conc. cannot reach this elevator by gravity and is 
“manually handled into cars and thence to the R.R. cars. n, 12.5 per cent. moisture. 
6, Bone-dry, 280° F. p, Capacity, 100 tons per 24 hr., 75-Ib. slack coal per ton dried. 
Forced draft by 45-in. fan to 30-in. X 48-ft. stack. See Sec. 18, Art. 4. g, 75 per cent. of 
feed. Two @ 2-surface sereens in series. 1, 25 per cent. of feed. Two 2-surface screens 
in series. s, Screens: 16-mesh steel, 0.0445-in. sq. opening; 40-mesh brass, 0.014-in. sq. 
“opening; 60-mesh brass, 0.007-in.; 100-mesh brass, 0.0045-in. t, About 2 per cent. of 
screen feed. u, 14 Type F consisting of 1 rougher and 2 finishers in each unit. 18 Type D 
(remodeled), 3 of which are required to make a 1-rougher-2-finisher unit. One 744-kw. gen- 
erator direct-connected to 5-hp. motor furnishes electrical energy. Voltage stepped up 
from 120 at generator to 18,000 to 22,000 at machines. w, 55 per cent. of feed tonnage. 
y, See Sec. 3, Table 5. 


Location: Midvale, Utah. 

Ore: Argentiferous galena, auriferous pyrite, chalcopyrite, and sphalerite in quartz, 
quartzite, Jimestone and porphyry. Sulphides range from coarse aggregation to very fine 
dissemination. 

Capacity: 465 tons per 24 hr. 

Assays; 


Pb, | Fe, | Zn, | Insol., | Ag, Au, 

per sion ea cent. |per cent. per GED; Oz OZ. 

Lead-iron conc. from jigs...... 25.0 | Dano. | 10-0 | 3.5 | 12.0 0.15 
Zine conc., electrostatic. ...... } 1-8 6.2 | 49.5 | 8.2 | 1.4 0.03 
Tron conce., electrostatic. .....- 4.9 | 3520) 8.0 | PR ah Re. 3s | 0.12 
Milne... clap... --- shen 187 Beoer | 5.25.1 guess eal | 0.02 


Recovery, per cent.: Pb, 91; Zn, 40; Ag, 87; Au, 87. 
General: Distance mine to mill, 18 miles. 


Summary. Graded crushing, jigging of sized products and tabling of class- 
ified products. Electrostatic separation of zinc-iron table middling. Crusu- 
1nc: Jaw crusher, 9- to 1.5-in.; rolls, 1.5- to 0.75-in.; rolls, 0.75- to 0.25-in.; 2 
rolls in series, 0.25- in. to 12-mesh; tube mill to 28-mesh, open circuit. Screens 
precede all crushers. CoNCENTRATION: Jigging starts at 0.25-in. with 5 steps 
down to 12-mesh. Jigs make lead-iron concentrate and a middling only. 
Tabling starts at about 16-mesh (1-mm.) and continues to the finest sizes. 
Electrostatic machines treat —16-mesh material in 4 sizes, 


This is a relatively complex ore, but the individual mineral grains are sufficiently coarse 
to permit severing to an economic extent by crushing to about 0.5 mm. and separation 
of lead from zine by gravity concentration. Recoveries are satisfactory for this type of 


ore, except the zinc recovery. 


Differential flotation, according to the flow-sheet, Fig. 107, is expected to 
replace the old flow-sheet. This is an experimental plant running in compe- 
tition with the regular gravity-concentration and electrostatic plant. Capac- 
ity, 50 tons per 24 hr. Recoveries and grades have been satisfactory except 
with ores containing considerable amounts of oxidized minerals. 
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Reagents 


Crude ore 
' added (e) 


Blake crusher 
30x12-in. rolls 


1 @ 6-ft.x16-in. conical &all mill (a) 


ain 0 @ Akins classifi 
1 @ 36-in. Akins classifier 
Plunger feeder Water eee 
4 Chea ae eo Overflow (e) Sand 
i et elevator. 7 @ 2-in. Wilfley sand pump 
1 @36-in. x 5-ft. trommel, 4-mesh “rene 7 @ 250-gal. surge tank 
30x12-in. rolls Reagents 
(9) = 
1 @ 8-cell, 18-in. M.8. Standard flotation machine 
— 
First 4 , 6 cells T Last 2 to 4 cel 
Reagents 
C(Pb) M 
(h) — 
1 @ 6-cell, 18-in. M.S. Standard flotation machine 
Froth f 
O(Zn) 7 @ 8-cell, 18-in. M.S. sub-aeration machine 
: Reagent T 
Froth (i) cares Fee 
Cone tanks 1 @ 6-ft. Fagergren flotation machine 
J } oe 
Spigot Querflow T CU 


7 @6-cell, 12-in. h. §. sub-aeration machine 
ea Se i ee a ae oe 
r O(Fe) 
1 Wilfley table (f) 


Thickener Thickener Thickener 
fp ee ee) [Pec mow ca! 
Overflow Spigot Overflow Spigot Overflow Spigot 
Se | = ae 
Vv S) 
1 @ 6-ft., 3-disk American filter 
Dump Lead cake Zine cake Iron cake Filtrate 


b, 0.5 in. c, 20 per cent. solid. All —65-mesh, 65 per cent. — 200-mesh. d, 7506 
lb. @ 2%-, 2- and 1%-in. cast-iron balls; consumption, 1.7 lb. per ton crushed. Titanite 
lining, life 8 mo. e, Barrett No. 4 coal-tar creosote or similar oil, steam-distilled pine oil 
sodium sulphite. On some ores sodium sulphide and sodium silicate are also added here 
f, Pilot. g, Potassium xanthate. Soda ash with some ores. A, Pine oil, Barrett No. 4 
or similar oil, hardwood creosote, potassium xanthate, copper sulphate. i, Sodium sulphide 
A small amount of pine oil and Barrett No. 4 with some ores. 

A separate leaf of the filter works on each concentrate. 


Fic. 107.—Differential flotation plant at U.S. 8. R. & M. Co., Midvale plant. 


Sunnyside Mining and Milling Co. Fig. 108. (Q; 105 J 193; 109 J 888 
121 J 757.) 


Location: Eureka, Colo. 

Ore: Galena, sphalerite, chalcopyrite, pyrite, silver and gold in quartz-calcite-rhodonit 
gangue. Sulphides finely disseminated. 

Capacity: 750 tons per 24 hr. 


Assays: 
leer ce Pb, oe Te ok Insol., 
ere : RS Ot per cent. | per cent. | per cent. DEE Res 
cent cent 
Beedle as .crneasctacres 0.06-0.07) 3.5- 4.5 4.8 0.4-0.5 5-7 451/3.0=4.0) cnc 
Concentrate, Pb...|0.50-0.75/25.0-35.0/46.0-48.0] 2.8-3.5 "13 mi 7.0 |5.0-6.| 
Concentrate, Zn... }0.08-0.14) 7.0-11.0) 5.5-6.0 | 1.2-1.5 |50.0-54.0/4.0-4.8]/2.0-5.1 
Middling (see Sum- 
MMATY)) cere eee 0.34 16.0 15.0 3.52 26.5 13:00 eases 
Taling fo eee 0.01-0.02 He) 0.6 0.08-0.13) 0.8-1.1) ..... 7 
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Run-o =mine, ore (—12-in.) 
2@ No. 6K guratory crushers, set 2.5-in, 
Tramway foading bin 
16,000- -ft. Trenton aerial tram (w) 
Tramway receiving bin 
24-in. apri an feeder (a) 


7 @ 20-in. belt conveyor (b) 
7 @ 20-in. shuttle conveyor 
3 @ 1400-ton ‘mill bins (c) 
3@ 24-in. apron feeders(d) 
Oil (r) 
3 @ 8x6-ft. Marcy ball mills (e) 
3 @ 6x18%-ft. Beavy, Model C, Dorr classifiers (f) 


Overflow (9) Sand 


4 @ 6x18%4-ft.Model D 
Dorr classifiers (f) Agents (s) 
Sand Overflow (i) 1 a 10-cell, 24-in. standard M.S. machine (j) 


3G 5x14-ft. tube mills and Overfi pws 1-5 T Overflows 6-8 
7 @ 5x8-ft. ball-tube mill (h) 2 Wilfley tables (k) 7 Wilfley' table (k) 
¢ (Pb) 1 @ 6-Gompartment, 18-in. sub-aeration machine (1) £ (Po) 
: Overflow Agents (t) T 
2 Wilfley tables i) 
a Pb) M 1 @ 20-cell, 24-in. standard M. §. machine (v) 
1 Wilfley table Overflows 1-6 Overflows 7-15 Overflows 16-20 
(ip ar re ee | 
M e() | Lien) 


1 @ 28x94-ft. Ehickener 


_. 1@ 24% x7Jp-Ft. Dorr thickener 


Spigot (n) Overflow Spigot (n) Overflow 
Elevator Flevator 
1 @ 12x3%-ft. Portland filter (9) 1 @ 12x9-ft. Portland filter (q) 
| Filtrate Cake (0) Cake (p) Filtrate 
a Conveyor Conveyor 


a, 33 ft. per min. b, 213 ft. per min. 7%-hp. motor. c, Steel and concrete, 30 ft. 
(diam.) X 36 ft. Flat bottom. d, 6 ft. per min. e, See Sec. 4, Table 5. f, See Sec. 6, 
Table 40. g, 55 to 60 per cent. solids, 22 per cent + 48-mesh, 30 to 35 per cent. — 200- 
mesh. h, See Sec. 4, Table 65. i, 20 per cent. solids, 7 per cent. +J60-mesh, 68 per cent. 
—200-mesh. j, 232 r.p.m. Maximum tonnage, 525 at 20 per cent. solids. Pulp tem- 
perature, 55° to 60° F. High-level type. Assays of froth from different cells follow: 


No. 1 No. 5 No. 6 No. 10 
Au, oz. per ton... OOF ON 5 0.96 0.84 
Ag, oz. per ton... 23.0 SO a eae RS Se 2p 
Pb, per cent...... bis att oumenaeal lc Seaeenae Real | cG.6 Or tae 25.8 
Cu, per cent..... 4.2 in every cell 
Zn, per cent...... (Gs $; <i fi 2 > Aenean |e UPR Se 25,5 
Fe, per cent...... OLE SOE Ne nr eee cae eae ess 10.8 
Insol., per cent... Safe) Se Ge 5 2 eae 5 nl bancefepirs Ss ORO .0 


k, Pilot tables, which also serve to break down froth. J, 425r.p.m. m, Enters cell No. 8. 
n, 25to 40 per cent. moisture. 0, 6 to 8 per cent. moisture, 60 tons per 24 hr. p, 7 to9 per 
cent. moisture, 65 tons per 24 hr. g, Operated about 6 hr. per day. See Sec. 17, Table 3. 
r, 0.15 lb. coal tar, 0.05 lb. hardwood creosote, 0.02 Ib. crude naphthalene; sodium sulphite, 
0.25 lb. per ton. s, Sodium silicate, 0.75 lb. per ton; soda ash (58 per cent.), 1 1b.; potas- 
sium xanthate, 0.05 Ib; pine oil, minute amounts as necessary. ¢, Coal tar, 0.08 lb. per ton; 
hardwood creosote, 0.04 lb.; pine oil, 0.05 Ib.; copper sulphate, 1.5 lb.; potassium xanthate, 
0.18 Ib. v, 250r.p.m. w, Trenton, 10-cu.-ft. buckets, 45 tons per hr. 


Fie, 108,—Sunnyside Mining and Milling Co. 
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Recovery: 
Au, Ag, Pb, Cu, Zn, 
per cent. | per cent. | per cent. | per cent. | per cent. 
Lead concentrate.........,.. 55 50 71 42 13 
Zine concentrate... 0+, e0..+ 10 16 11 21 66 
Middling? @..1 ic. .2 heh eae 11 11 8 15 9 


Labor: 10 tons per man-shift, total. 

Water: 4.9 tons per ton milled. 

Power: 43 hp.-hr. per ton milled. 

Distances: Mine to mill, 3 miles; mill to zinc smelter, 700 miles; mill to lead smelter, 
54 miles; water transported, 1 mile by gravity pipe line; power transmitted, 54 miles at 
50,000 and 17,000 volts. 

Costs, cents per ton (1925): 


Other 


| 
| Labor Reagents ¢ Power | Total 
| Supplies | 
Tread Hotstio'=.... a nee he | 5) 9 1 2 15 
4 24 


Tine Hopaion ee oc 2 SURES | 3 1G | OBR 


Summary. Differential flotation. CRusHine: Gyratory from 12- to 3-in.; 
ball mill from 3-in. to 20-mesh; tube mill from 20-mesh to 65-mesh. Con- 
CENTRATION: differential flotation. 

In 1925-26 about 15 tons per day of a mixed lead-zine middling product 
was made and sold, additional to the regular lead and zine concentrate. This 
was made possible by a peculiar local smelting need and enabled the produc- 
tion of higher-grade zine and lead concentrates than otherwise. 


Zine carbonate ores are relatively rare. 


In the Highland, Wis., district (99 J 906) small deposits of mixed carbonate and sulphide 
ore are worked by leasers. The ore is hand picked and the high-grade material stacked on 
the surface until sufficient has accumulated or until weather conditions are suitable and is 
then crushed in a set of slow-speed rolls, roughly concentrated in a log washer and cleaned 
on a power hand jig. The mixed concentrate carries about 40 per cent. Zn. Recovery is, 
naturally, low, but the deposits are too small to warrant more elaborate equipment. At 
Monrrront, Sardinia (83 J 1094) a 500-ton plant treating calamine in dolomite with some 
zine, lead and iron sulphides consists of a 4-in. grizzly and a series of shaking screens of 
1.25-, 0.8-, 0.55-, 0.4-, 0.28-, 0.2-, 0.12-, and 0.08-in. apertures to prepare feed for a picking 
belt anda series of jigs. Concentrate and tailing are rejected at all sizes and middling is 
re-ground and treated by magnetic separation to remove iron. 


New Jersey Zinc Co. Franklin mill. Fig. 109. @.) 

Location: Franklin, N. J. 

Ore: Willemite, franklinite and zincite together with zinciferous manganese silicates 
in calcite. 

Capacity: 100 tons per hr. (2-shift work). 

Assays, per cent. Zn; Feed, 17; concentrate; willemite, 48; franklinite, 17; tailing, 2.25. 

Recovery: 93 per cent. ; 

Labor: Tons per man-shift, operating, 8.6; repairs, 179. 

Power: 20 hp.-hr. per ton. 

Water; 8 tons per ton of ore milled, approximately 99 per cent. recovered. 

General; Level mill site. Concent-ate shipped 90 miles. Tailing filled back into the 


mune. 

Summary. High-intensity magnetic concentration to collect franklinite; 
willemite and zincite recovered on jigs and shaking tables. CrusHrna: 
Careful graded dry crushing in gyratory and rolls to —MWo-in. ConcenTrRa- 
TION: Magnetic concentration follows extremely close dry sizing, coarse- 
sized non-magnetic material is jigged, fine is carefully classified and tabled, 
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Fic. 109.—New Jersey Zinc Co., Franklin mill. 
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188 METALS AND MINERALS Sec. 2. 


Notes to Fig. roo. 


a, %r.p.m. c, 30 ft. per min., 6 pickers, 144 tons waste removed per man per hr. 
= about 4 per cent. of total feed; 3- to 18-in. lumps. Good natural light. d, See Table 84. 
e, See Sec. 18, Art. 3. Feed, 3 per cent. moisture. /f, See Table 85. g, 1.5 r.p.m. 
h, %r.p.m. i, See Sec. 5, Table 23. j, See Sec. 3, Table 22. k, See U. S. patents 
1,446,375 to 1,446,378, incl., and 1,448,514, 5. J, With canvas cloth, 10 to 12 per cent. moist- 
ure; with woven-wire screen, 4 to 5 per cent. moisture. m, Wash water on jigs or dilution 
water at head of de-colloiding section. mn, 800 to 1200 tons per mo. 6 to 8 per cent. Zn. 
o, Each screen has 135 sq. ft. of screening area. Elevators Nos. 10 and 11 (Table 84) 
follow screens Nos. 2 and 4, respectively. Feed passes over successively coarser screens. 
p, All except the 0.088- and 0.055-in. screens have 135 sq. ft. screening surface, these have 
41 and 68 sq. ft., respectively. Elevators Nos. 23 to 28 (Table 85) follow 0.031- to 0.076-in. 
screens inclusive, respectively. Feed passes over successively coarser screens. gq, 135 
sq. ft. of screen grea. 7, See Sec. 9, Table 22. s, 58 sq.ft. of screen area. ¢, 11 X 8-ft. 
Oliver filters with baskets 15 in. deep for holding granular material. 1 rev. in 27 min. 
u, 8 ft. wide, 24 strokes per min., 2/4 in. per ft. slope. v, 12 strokes per min., 2 in. per ft. 
slope. w,, Rakes, 12 strokes per min.; bowl mechanism, 2 r.p.m.; slope, 2 in. per ft. x, 4-ft. 
bowls on 2-ft. simplex tanks. Stirrer speed, 8 r.p.m.; rake speed, 16 @ 12-in. strokes 
per min. 


American Smelters Securities Co. Fig. 110. (112 J 1050.) 


Location: Santa Barbara, Chihuahua, Mex. 

Ore: Lead carbonate with small amounts of gold and silver; silicious gangue with some 
lime. 

Capacity: 500 tons per 24 hr. 


Summary. Table concentration after careful hydraulic classification. 
Compare with Shattuck-Arizona. 


Shattuck-Arizona Copper Co. Fig. 111. (Q; 110 J 759.) 


Location: Bisbee, Ariz. 

Ore: Cerussite, cerargyrite, gold and a small amount of lead sulphate (anglesite) in 
a silicious gangue with some specular hematite and limonite. Sulphur about 0.1 per cent. 

Capacity: 400 tons per 24 hr. 500 tons has been handled with but little loss in efficiency. 


Assays: 
| | 

Au, Ag, Pb, Fe, Insol., 

OZ. OZ | per cent. per cent. per cent. 
Needs. se hs gas ow a atari 0.059 (eae 6.27 13.73 65.99 
CovicentYrate. thas. . arh tk noe 0.227 28.53 32.92 20.6 2253 
Pathe g WR sh «ocean toh ena cx tee 0.022 2.52 0.43 | 

| 


Recovery, per cent.: Au, 69.4; Ag, 71.3; Pb, 94.4. 

Ratio of concentration: 5.56 : 1. 

Labor: Tons per man-day (24 hr.), operating, 25; repairs, 36.4; total, including outside 
surface men, 9.1. 

Power: 24 to 32 hp.-hr. per ton milled. 

Water: 2 to 3 tons fresh water per ton milled. 

Running time: 76 per cent. of possible. Stoppages due to lack of ore, water and power 
and to repairs. 

Distances: Mine to mill, 314 miles; mill to smelter, 250 miles; power from a power com- 
pany; water from adjacent mine and from city (Naco) supply. 

General: Sloping mill site with crushers at track level and inclined conveyor to top 


of mill bin. (See photograph 110 J 760.) 

Summary. Crussina: From run-of-mine to 35-mesh as follows: Gyratory 
from 8- to 1.5-in.; rolls from 2- to 0.5-in.; ball mills and ball-tube mills respeet- 
ively grinding —5¢-in. + 4-mesh and —4-mesh to 35-mesh. ConcunTRaA- 
TIoN: One-stage tabling at —4-mesh, unclassified, and 2-stage tabling at 
—35-mesh, de-slimed; sulphidizing flotation of slimes by concentrate-middling 
routing. 


This is simple, efficient and comparatively cheap treatment of a difficult ore. It depends 
for its sucgess on quick and effective surface sulphidizing of the finely ground oxidized 


Art. 22. LEAD AND ZINC 189 


10-ton side-dump narrow-gage cars 
500-ton receiving bin (a) 
Traveling hopper 


1 @ 24-in. belt conveyor 
| Stationary grizzly, 1.5-in, spaces 


(+) A (es) 
@No. 5 McCully gyratory, set 1.5-in. 
1 @ 24-in, inclined belt conveyor with 30-in. magnetic head pulley 
] inclined plate screen, 1% -in. holes /ron 
(-) 


mH 
1 @ 48-in, ‘vertical-spindle 
disk crusher, set 0.5-in. 


71@ 500-ton mill bin (c) 
7 @ 24-in. inclined belt conveyor 
2 @ 4x6-ft. trommels, 0.5-in. rd. holes 


1 @ 18-in. inclined belt conveyor 670 
¥968 


200 
200 (+) 
2@ 30-in, duplex shovel wheels (d) © 300 
Sand Overflow 448 
870 0 
580 795 
2 @ 5x10-ft. Cole-Bergman rod mills (ce) 
S_ (added) ; 
277 595 8 @ 3x4-ft. Cole oscillating screens, 2-mm. aperture 
2100 (=) oH) 
2@ 16-1n. bucket elevators 2@ 14-in. bucket elevators 


1 Model ‘'D”’ Dorr duplex classifier 
425 Sand 


(82+ 454 (added) nears 6 
2@ 8-spigot Deister cone classifiers ( 1568 added) 


365 
Spigots 1,2 7095 Spigots 3-8 gp Overfiow 


1 @ 4-way splitter OD dded 1109 
8 Deister Th tables ae 12 Deister sand tables a TT Na 
jg homet Pe Be Spigot 180 Overflow 
2@ lin. elevators 4506 


t 
2 @ 4-comp. splitters 
16 Deister slime tables (yp %44ed) 


.. cA. eet 
12 dded) T 
£ p53) OS 46 


40 
40480 (added) 
1 @ 18-in. elevator 
4 Deister sand tables 
£ i 
15 2-in. centrifugal pump 
15 +65 (added) 


04170 (added) 


1 @ 50x10-ft. Dorr thickener 


Experimental 


353 20, flotation plant Overflow 
7@ 18-in. elevator 2199 Saag ee 0m 
[heats ae 1326 
Dewatering bins 67 252 
Duero Concent nif F, 2@ 18-in, elevators 
Oy R Rear es 7 Model ''C"’ Dorr duplex classifier 
Smelter Sand 285 

nilyn 1224163 (added) Over iew 


Dump 


a, Flat bottom, concrete. 8 bottom outlets. c, Redwood tank, 30 ft. (diam.) X 24 ft. 
with hopper and rack-and-pinion gate at center of bottom. d, See Sec. 16, Art. 2. 
e, 19.8 r.p.m., 100-hp. motor, Lenix drive. 


Fra. 110.—American Smelters Securities Co. 


lead and silver minerals. Few oxidized lead-silver ores yield so readily to sulphidizing 
treatment and, failing this, gravity concentration of the slimes is expensive and inefficient. 
Another apparently successful method of treatment is practiced at Cuter CONSOLIDATED 
Minine Co. (Fig. 113). 


190 METALS AND MINERALS See. 2. 


50-ton side-dump cars 
7000-ton coarse-ore bin 
8 apron feeders 
Movable hopper car 
1 @ 20-in. inclined conveyor belt 
with magnetic head pulley 


7 grizzly, 1.5-in. opening 


: (4) = 
1 @No. 5 Telsmith gyratoryu, set 1. 5-in.(q) 


1 @ 16-in. inclined belt conveyor (a) 
7 belt conveyor with dutomatie reversing tripper 
2 @ 400-ton fine-ore bins 
6 Challenge feeders 

2 @ 16-in, collecting conveyors 

7 belt conveyor with weightometer 
7 @ 60x30-in. Whip-tap screen, 

0.77-in. aperture 


3 . (+) (- 
1 Pan i chain elevator 2@ 6x4, ft. Marcy ball milfs (c) 
1 x5-ft. Hummer screen, 2 @ ft Dorr dunlex 
% -in. sq. opening (7 Pe) ih (1) 2 Butchart tables (c) 
t yrP RGR Ss on : re 
7 @ 42x16-in, rolls, set £-to7/,-in. (s) (6) a ae Overflow 


2 @ 6-Ft, Allen cones (+) 


— |! le 
Sand (9) Slime (f) 
2 Butchart tables (w) 


C (h) 


1 @ 12-in. drag classifier (x) 
= a ae 
Overflow Sand 


oo 
1 @ 4x10-ft. ball-tube mill (a) 


r 
1 @ 6-ft. ‘Allen cone (e) 


—. aa = oe 4 
Sand Overflow 1 @ 3¢x12-ft. Dorr thickener. ' 
2 Butchart tables (i) Overflow Sodium  SPiget (y) 
t M Mill Supply tank sulphide Q) 


Oil (& 


Agitator 
Primaru flotation ceils (2) 
. 


1 
Secondary flotation machines (0) 


Froth 


Tailing dump 
Oil (m 


Ilo 


Spigot (n) 


Conerete draining bins (oe) 


Concentrate (p) 


Shoveled . 
Shuttle-type conveyor Ni Pe ee ual 7 @ 20. r12-ft. Dore thiekener 
Railroad cars =. Spigot(a6) Cverflow 
Smelter 1 @3-in. diaphragm pump Mill suboly tan 
1 @ 8x6-ft. Oliver filter (aa) ae 
Overflow Cake (ac) Filtrate 
Mill supply tank Flotation-concentrate bins Mill supply tank 


Fie. 111.—Shattuck-Arizona Copper Co. 


a, +2114°. 6, 20 per cent. +3-mesh, 75 per cent. ++ 48-mesh (cumulative), 14 per 
cent. —200-mesh. c, See Sec. 4, Table 5. d, See Sec. 4, Table 4. e, See See. 6, Table 34 
f, Approx. 90 per cent. —200-mesh. g, Approx. 10 per cent. +4S-mesh, 16 per cent 
—200-mesh. hk, Approx. 30 per cent. —200-mesh. i, Tosave last of gold and silver values 
j, Weak solution of ordinary commercial, 60-per cent. NaS, fused, to film the lead ear 
bonate with sulphide; 3 to 4 1b. per ton. &, Mixture of 60 per cent. Cleveland Cliffs hard. 
wood cresoste and any good coal-tar creosotes such as Barrett Nos. 4, 6, or 609: Lewis oil 
blast-furnace oil, ete. Total primary and secondary (m) oil, 0.6 to 1 lb. per ton. Qecca 
sionally a small amount of steam-distilled pine oil (G. N. 8. No. 5) or eucalyptus (amygda 
lena) oil. Disk feeder. 7, 3 @ 10-ft. K. and K. machines and 1 @ 10-ft. Rork machine 
Temp. of mill water, Feb. 18, 1920, was 102° F. mz, Qil tar, 57 per cent.; Pensacola Ta’ 
and Turpentine Co., No. 350, 43 per cent. Added as needed. n, 21 per cent. moisture 
o, Sand-filter bottom. p, 10 per cent. moisture. g, See Sec. 3, Table 16. r, See See. 5 
Table 38. s, See Sec. 3, Table 22. u, See Sec. 6, Table 40. v, See See. 10, Art. 4 
Feed about 15 per cent. — 200-mesh. Average recovery, Au, 45 per cent.; Ag, 35 per cent. 
Pb, 70 per cent. w, See Sec. 10, Art. 4. 
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x, See Sec. 6, Table 52. y, 30 per cent. solids. z, See Sec. 6, Table 34. aa, See Sec. 17, 
Table 3. ab, 40 per cent. moisture. ac, 16 per cent. moisture. 


Assays: 
age Ag, Pb, Fe, Insol., 
| OZ. OZ. per cent. | per cent. | per cent. 
a FS | 0.04 5.8 2.9 8.0 82.0 
moncentrate..2 oe? See 0.22 Pi eh 15.6 20.4 47.8 
ea. ore 0.02 | a1 0.6 


Recovery, per cent.: Au, 55; Ag, 55; Pb, 83. 


Royal Asturiana Mining Co. Fig. 112. (1145 J 395.) 


Location: Reocin, Spain. 

Ore: Sphalerite, 15 to 30 per cent.; calamine, 1 to 4 per cent.; galena, 1 to7 per cent.; 
iron as oxide and sulphide, 3 to 7 per cent.; gangue practically all dolomite. 

Capacity: Crushing plant, 800 tons per 24 hr.; concentrator, 200 tons per 24 hr. 

Labor: 11 tons per man-shift, operating. 

Power: 24 hp.-hr. per ton. 

Water: 7 tons per ton milled. A large part is returned. 


Summary. Tables, flotation, tablmg of flotation concentrate. CrusH- 
1nG: Jaw crusher from 13- to 3-in.; Jaw crusher from 3- to 1-in.; ball mill in 
closed circuit with screen from 1.5-in. to 0.08-in.; ball mill in closed circuit 
with Dorr classifier from 2-mm. to 0.2-mm. CoNcENTRATION: Tables treating 
de-slimed —2-mm. feed and making lead and zine concentrate and a tailing 
for re-grinding and flotation; collective flotation (concentrate-middling routing) 
with separation of lead and zinc in concentrate by shaking tables. 

This flow-sheet was adopted in 1918-19 after careful tests of all-flotation 
treatment. The combined treatment yielded higher lead recovery, and, when 
zine oxides were present, more zinc, 


Chief Consolidated Mining Co. Fig. 113. (73 A 200.) 


Location: Eureka, Utah. 

Ore: Silicious replacements in limestone, carrying gold and sulphide and oxide minerals 
of lead, silver, iron and zine. 

Capacity: Volatilization plant, 250 tons per 24 hr.; concentrator, 300 tons per 24 hr.; 
crushing plant, 65 tons per hr. 


Assays: 
Cres wht! | Pb; Zn, Fe, | Insol.,|  §S, CaO, 
| on ; per per per per per per 
| } cent. | cent. | cent. | cent. | cent. cent. 
EXPERIMENTAL-MILL RESULTS } | | | 
Cert AME a... saes ois TA... 4d | 0.055) 25.2 6.0} 4.6 T208 6318 15 478 112.6 
Concentrate f Arent). .2)-20).2- 1 ORDSF EET 216, BOSS! f-719 Heth. 3:7 98) 681 15.2150 
Tailing (furnace feed)........ OFOFL RMS IO)s BLOF Peed Hee Te Yh 
Fume (furnace conc.)........ 0.18 | ie 5} 1410} 4.0 | 5.3] 46.4] 1.8] 4.0 
Calcine (furnace tailing)...... 0.005 1.6| 0.12 0.0 | 5.0/ 89.2 £ | ta 
VOLATILIZATION-PLANT RESULTS | | 
Healnifecd a, Yas. Sees Hast. | 0.035 11.4 4Nia| daa 
Wade. estas he okt. tq ST. 6 | 0:30 | 64.0] 27.8) 2... 
Paleime. d.tdsinzs crab be csitooed 1p. Myseahwiotee 2 ehecOn Dhi 


Summary. Crusuine: Gyratory from 12- to 2.5-in. and rolls from 2.5- to 1- 
in. in open circuit. Two-stage ball milling to 20- and 65-mesh respectively, 
each mill in closed circuit with its own classifier. ConceNnTRATION: Wilfley 
tables on 20-mesh unclassified feed making concentrate and middling, latter 


Run-of-mine ore. -16-in. 
400-ton convorete bin (a) 
3@ 29'/2-in. apron feeders (b) 
1 @ 27 %-in. \conveyor belt 
1 @ 27 f,-in. inclined belt conveyor (c) 
Grizzly. 8-in. spacing 


7 @ 20-in. ohueyor (d) 
Sampler 
(—— a 
80-ton steel hopper Sample (e) 
18-in. steel apron feeder (f) 
1 @ 20-in. belt conveyor 


7 @ 6-ft. x22-in. conical ball mill (g) 
Bucket elevator 
Screen, 2-mm. aperture 


(+) 
1 @ 14x24-in. jaw crusher, set 8-in. 


7 shaking screen, 1.5-in. rd. holes 
ee ae tis TB 


(4H) @) 


4 oA) De). 
7@ 10x16-in. jaw crusher, set 1-in. 1 @ 48-in. desliming cone 
Bucket cleyator Overfiow (h) Spigot (y) 


eae t 
Y altowreones -— tw eeeatoe Distributor 
.5-ft, i 
3 @ 9.5-ft. Callow cores 2 Biitchart tetiles 
Spigot (m) Overflow T C (Pb) (aa) _C (En) Zn 
\ Clear water Dyna helt : 
Mill circuit Ae @) Pump 
Lae Overflow Dewatered cone. 1 Butchart table 
Elevator (ab) C(Zny 7 si 
7 @ 86-in. dewatering con 
e stad 1 drag belt 
F oe 
Spigot @) Sein Dewatered pone. (i) Overflow 
7 @ 6-ft. x16-in. conical ball mill (ke) se 72-1. conveyor 
1 @ 3-fé. Dorr classifier (I) JURE. Sanipler 
Overflow (m) Reageats (0) Sand (z) Reject Sample 
1 @ 18-in. 16-compartment M. 8. standard flotation machine (n) 
[a ee ee 
Overflows 1-10 “4 Overflows 11-14 
Distributor Pump 
4 Deister slime tables Sampler 
¢ (Pb) C (Zn) Sample Reject (ac 
f pore a Pump 1 @ 72-in. cone 
“IN. I —————— 
OT Sampler Spigot Overflow 
Spigot (p) Overflow Sample Reject Cars Settling pone 
Lead bin Clear water D ! 
Mill circuit eum 
SSS 1 @ 47-ft. Dorr thickener (q) 
Spigot () Overflow 
1 @ No. 4 Dorrco pump Clear water 
1 @ 14-in. conveyor belt 7 @ 8x8-ft, Oliver filter (s) Mill direuit 


4 
7 @ 8-in. flight conveyor Filtrate Alternative 


Storage pile (u) Mill circuit Tank discharge 
Automatic car loader (v) oe 

a, Three 24 X 24-in. gates. 6, 20 ft. per min. Capacity, 25 tons per hr. c, +20°. 
d, 108 ft. long, +21°. e, 1 in 2000. f, 4 ft. per min. g, 5 tons balls, 27 r.p.m., draws 
45 hp. 40 per cent. solids in mill. Ah, 65 tons per 24 hr., 0.1 per cent. + 100-mesh, 83 
per cent. —200-mesh. Feed all — 1.5-in., 12 per cent. —0.08-in. (2-mm.) Capacity falls 
off badly, if ore contains less than 15 per cent. Zn. i, About 15 percent. water. j, 50 per 
cent. solids. k, 9000 lb. @ 2-in. steel balls, 38 hp. J, 28 strokes per min. m, 25 per cent. 
solids, 2 per cent. +72-mesh. n, 14 frothing cells, 2 mixing cells. 0, 3.3 lb. coal-tar 
creosote; aver., 0.13 lb. steam-distilled pine oil (G. N. S. No. 5) added as required; 0.66 lb. 
copper sulphate. p, 25 per cent. moisture. g, 6 min. per rev. r, 65 per cent. solids. 
s, Operates 10 hr. to 24 hr. for balance of plant. f, 10 to 12 per cent. moisture. 51 to 54 
per cent. Zn, 2 to 3 per cent. Pb, 7 per cent. dolomite. (Assays on dry weight.) wu, 100 ft. 
long, 40 ft. wide. v, Barber-Greene. w, 30 tons per 24 hr., contains 20 per cent. of 
—2-mm.sand, x, 10 per cent. +1-mm., 22 per cent. — 200-mesh. y, 135 tons per 24 hr.; 
68 per cent. moisture; 19 per cent. +1-mm.; 2 per cent. — 200-mesh; 25 per cent. Zn. 2, 46 
per cent. —72-mesh. aa, Recovery about 70 per cent. of the lead in the feed. ab, 42 
to 51 per cent. Zn (depending on amount of pyrite in feed), 2 to 4 per cent. Pb, 9 per cent. 
dolomite. Recovery about 65 per cent. of the zine in the feed. ac, 1 to 4 per cent. Zn 
according to oxidized zinc in feed. 


Fic, 112,—Royal ee Mining Co, 
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re-ground and floated in pneumatic cells with combination routing. Flotation 


tailing dried and volatilized. 


This plant is a pioneer in volatilization of lead-silver-gold ores without addition of 


volatilizing agents. 
excellent. 


; The process is commendable in principle and the results cited are 
Mechanically the plant would appear to be very weak in the large number 


of bucket elevators and screw conveyors and it is a relatively safe prediction that lost time 
will be nigh until these are largely replaced by belt conveyors. 


Standard-gage gondola cars 
40-ton tack hopper 
Apron feeder 
30-in. inclined belt conveyor with stationary magnet 
1 @ No. 6 gyratory crusher. set 2.5-in. 
1 @ 24-in. inclined belt conveyor 
1 @ 60x24-in. rolls, set 1-in. 
20-in. belt conveyor 
1 
Sampler 
Reject Sample 
a) 
Sampling plant 


fron 
a 


Reect Sample 


7 @ 20-in. belt conveyor with weightometer 
1 @ 20-in. belt conveyor 
1 @ 20-in. belt conveyor with automatic tripper 
Concentrator storage bin, 1200-ton 
5 @ 18-in. apron Seeders 
7 @ 16-in. collecting belt conveyor 
1 @ 16-in. belt conveyor with weightometer 


1 @ 8-ft. 136-in. conical ball mill 


‘1 @ 4x20-ft. Dorr classifier 
Sand Overflow (a) 
1 @ 4-in. Wilfley pump 
7 @ 9-way distributor 


9 Wilfley tables 


1 @ 4-in. wilfley pump 
1 @ 6x20-ft. Dorr duplex classifier 


Sand : 


Disk-type 4 @ 3x20-ft. Cailow cells (c) 
oil feeder M T 


1 @8-ft.x48-in 
conical ball mill 


ce e 
2 @ 2x21-ft. Callow cells (c) 
2 @ 2x21-ft. Callow cells («) 


1@2-in. Wilfley pump 1@ 2-in. Wilfley pump 


1 @ 25x10-ft. Dorr thickener 
Spigot Overflow 
@4-in. simplex diaphragm pump 
1 @ 4-leaf, 6-ft. American filter 
Cake 


1@ 4-in. Wilfley pump 


7 @4xI6-Ft. Dorr classifier (d) 


Overflow Spigot 


Filtrate 


1 @ 16-in. bell conveyor 
Railroad car 
Smelter 


1@ 4-in. Wilfley pump Solgot 


a, 20-mesh. 6, 65-mesh. 
sure. 


mipous coal, — 1-in. 


1 @ 50x10-Ft. Dorr thickener 


Dorr duplex diaphragm pump 


d, Vacuum-filter bottom near sand-discharge end. ; 
g, Variable-speed d.-c. motor with storage-battery equipment suf- 


Volatilizati 


ion plant 


2 @ 12x12-ft. Portland filters 


Filtrate 


Coal-pulverizing plant (k) 
Railroad cars (f) 
¢5-ton track hopper 
Apron. feeder 


9-in. screw conveyor 
1 @ 12x7-in. bucket elevator 


Alternative routin 


9-in. screw conveyor 
1200-ton stockpile 
Bottom-draft gates 
90-ton bin 
9-in. screw conveyor 
7 @ 5x30-ft. Ruggles-Coles dryer 
Dried coal Gas and dust 
Exhaust fan 


6-ft_dust collector 


Dust Gas 


1 @ 12x7-in. bucket elevator 


26-ton Seed hopper 
7 @ 6-ft.x36-in, conical ball mill 
1 @ 12x7-in. pucket elevator 
1 Gayco separator 


Oversize 


30-ton storage bin 
9-in, screw) conveyor 
12x7-in. bucket elevator 
Kiln-feed hopper 
9-in. screw conveyor 
Clarage’ ‘an (c) 


Coles indirect-heat dryer (h 
ge fume Oust and aa 


Cake 
2 belt conveyors 


1@74x60-ft. Ruggles- 


Dried ore 


Clarage fan (e) Clarage fan (e) 


Wet washer 
1@ 2-in. Wilfley pump 


Flue 


9-in. screw conveyor 

1 @ 12x7-in. pucket elevator 
9-in. screw conveyor 
750-ton storage bin 
5 bottom liraft gales 
9-in. screw conveyor 

1 @ 12x7-in. pucket elevator 


9-in. screw conveyor 
20-ton feed hopper 


9-in. screw conveyor 
Burner—>4 
7 @ 10x80-ft. 
rotary kiln (q) 
Fue 


fap Calcine 
——s 


64x45-ft. rotary cooler 
2 inclined bell conveyors 
' 


Dump 


Powdered coal . 


Cooling pipes (1) 
Clarage fan (e) 
Bag house (}) 
Collected fume 
9-in. screw conveyor 


Filtered gas 
Waste 


12x7-in. bucket elevator 


Querflow 
Mill supply tank 


Fume-storage tank 


2@ 9-in. screw conveyors 


Pug yall 
Railroad cars 
_Smelter 


c, Two No. 7 Sturtevant blowers furnish air at 4 lb. pres- 
e, Model 90. 


f, Raw bitu- 


ficient to continue operation for a short time in case of power interruption and prevent 


sticking of hot charge. 
Plowing requires about 20 min. 
does not come in contact with ore. 


sufficient to supply 75 tons powdered coal per 


8 hr. 


j, 42,000 sq. ft. 


A water-cooled plow is provided to plow out accretions as necessary. 
Coal abcut 30 per cent. of furnace feed. 
i,-20,000'-sq. “ft: 


h, Hot fume 
k, Capacity 


Fic. 113.—Chief Consolidated Mining Co. 


23. Manganese, Mn 


Properties. Metal; reddish-white, lustrous, h 
Only slightly attacked by air when pure. 
Forms a great diversity of compounds. 


The lower oxidation products form bases, the 


Av. wer., 54.9. 
forming corresponding bi-valent salts. 
bi-, quadri-, sexa- and septa-valent. 

higher, acids. Alloys with other elements. 


hard, slightly magnetic. 


(See also Table 1.) 


Dissolves readily in acids 


Ion is 
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Uses. Manganese is not used commercially in the free state. Its greatest use is in 
the steel industry where it is introduced in the form of the iron alloys, ferro-manganese of K 
SPIEGELEISEN. Probably the next most important use of manganese is as the dioxide (MnO 3} ~ 
in the making of dry batteries. This calls for a very high-grade product containing about — 
SO per cent. MnQOg and less than 1 per cent. iron, Other uses of manganese cempounds — 
are: oxidizing agent in the manufacture of chlerine, bromine, and disinfectants; dryer in. 
paints and varnishes; coloring agent in calico printing and dyeing; in making glass, pottery, — 
brick and paints. Manganese bronze is an alloy with copper which may or may not contain — 
some iron: silver bronze, an alloy with aluminum, zine, copper and silver; manganese- 
titanium, an alloy of these metals with iron for use in the manufacture of special steels. 

Ores. The economic minerals are pyrolusite, psilomelane, braunite and 
wad. The specific gravity of the manganese minerals as mined is 3.5 to 5 
and averages between 3.5 and 4. These minerals occur as nodules, lumps, 
pockets, stringers or lenticular masses irregularly scattered through residual 
clays and weathered rocks. Domestic deposits are small. The common 
associates, beside the clay, are limonite, barite, ocher and bauxite. Manganif- 
erous iron, manganiferous silver, and manganiferous zine ores also occur. 

Production. Manganese is used in three forms, ?iz.: high-grade ore 
(+35 per cent. Mn) for making ferro-manganese and for chemical uses; 
manganiferous iron ores, containing 10 to 35 per cent. Mm; and iron ores 
containing 5 to 10 per cent. Mn. Only the first class is concentrated. Pro- 
duction of this class of ore in the United States is confined to the few states 
named in Table 86. The United States produces only from 1.5 te 3.5 per cent. 
of the world production. The principal foreign producers are Brazil, British © 
India, Gold Coast. Russia and Georgia, Cuba, China and Spain. 


Table S6. Production of high-grade (+35 per cent. Mn} manganese ores in 
United States (long tons)(e) 


State 1921 | 1922 1923 
Arkamsas... 0... --<..- | 733 | 2.264} 3,768: | 
Miiineua: ......... > } 7) ee - 2.278 | 
Goora .. ete reste oxen boos kg ot | ee 1,502 | 
Monnet OS See 11,129 9,751 | 21,916 | 
rtisan........- T17 Sde | 9ST 
/ PERU ne ne [<<< 88% dies ER 
poses 2 kage s+ seating, Mae 467 S89, 1,049 
| POtalewcseee eek. 5. 13,531 | 18,404 | 31,500 } 


i 


eh estes, 6 Included under ‘‘Others.” ¢ Als., Ariz, Cak,- Nev. N.- M.,> Tenn, 
tah. 

Selling. High-grade domestic ore (concentrate) for ferro-manganese is 
sold on the basis of the content in long-ton units (22.4 Ib. per ton) of metallic 
manganese with a fixed lower limit as to manganese content, frequently 
between 45 and 50 per cent., and maximum limits of § per cent. silica and 
0.2 per cent. phosphorus, with premiums for higher manganese and lower 
silica and phosphorus. Lime in such concentrate is not undesirable, but teo 
much iron is. The ore should be in lump form and hard enough not to crumble 
in the blast furnace. Chemical ore should contain from 70 to 90 per cent. 
MnOy (it is the available oxygen that is important), and should be low in 
lime, iron, copper, nickel, cobalt and arsenic. but may contain more phosphrous 
than the limit for metallurgical ore. Prices in 1924 ranged from $0.38 to 
$0.46 per long-ton unit for metallurgical ore: in the spring of 1926 it was 

- quoted $0.42 @ $0.44. At the same time chemical ore, 82 to ST per cent. 
MnO, was quoted $70 to $80 per ton at New York (Eng. and Min. Jowr-Pr.) 
Demand is increasing and the United States isa large importer, 
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Treatment. The method of concentrating depends upon the character 
of the ore deposit. When the ore is nodular, in easily disintegrated clay, and 
the nodules are high-grade, simple washing by log washer or wash trommel is 
all that is ordinarily necessary. 

At Eureka cc., Batesville, Ark., the ore is washed in a 30-ft.; 2-log washer at 20 r.p.m. 
The log product is sent to a wash trommel (16-mesh), then sized at 14-in. into coarse and 
fine shipping grades. The washed product contains about 42.5 Mn. 

When silicious and other foreign matter occurs in the nodules, a more 
complicated plant involving crushing is necessary. The Crimora mill, 
Fig. 114, is typical. When the ore occurs in rock, which must be mined with 
the manganese minerals, the flow-sheet is commonly graded crushing followed 
by jigging and tabling. The Puitiessura Mining Co. plant is an ingenious 
departure. 

Wasu ORES, to he readily amenable to treatment, should carry better than 3 per cent. of 
Manganese mineral. Leaner material can be handled, if it can be graded up by picking, 
but in general the wash ores average about 10 per cent. manganese content. Some man- 
ganese deposits run as high as 25 to 35 per cent. Mn. The character of the clay is important: 
if tenacious, capacity and grade of product will be much reduced and tailing loss high. 

Philipsburg Mining Co. (Bul. 725 C, USGS 152; Bul. 734 USGS; Bul. 
173, USBM 61; 116 J 181.) 

Location: Philipsburg, Mont. 

Capacity: 75 to 100 tons per day. 

Ore: Nodules of soft pyrolusite and psilomelane in a gangue of quartz, kaolin, calcite 


and iron oxides. : 
Assays: Feed, 30 to 40 per cent. MnOg; concentrate, 72 to 80 per cent. MnQOg; tailing, 


10 per cent. MnOo, upward. 

Summary. Graded crushing in jaw crusher and two roll-trommel circuits 
to 5-mesh. Mechanical classifier to reject —60-mesh material and de-water 
the sand, which is dried and sized to —5+10-mesh and —10+100-mesh; 
—100-mesh to dump storage. Wetherill magnetic separators working the two 
sereened grades separately take out a high-iron product on the first pole, which 
is rejected; make concentrate on the remaining five poles, and reject tailing. 

Crimora mill, Virginia. Fig. 114. (Bu. 173 USBM 48.) 

Ore: High-grade manganese nodules in residual clay and sand; lean. 

Crude ore 
Grizzly, 7 ‘in spaces (a) 
60-in. x12-ft. trommel, 3%-in. holes 
1 a 26-ft. double-log washer 


Jaw crusher, set 17,-in. 
— 
Washed product Overflow 


7 @ 48-in. x116-in. trommel, ¥%, -in. holes 
; -) 


Elevator 
ee 7 
1 @ 40-in. x6ft. trommel,1+&1-4-in. holes 
i i -1-in. 
+14-in. -1%,-in, #1-in, ius P 
Elevator 86x86+in. 2-comp. jig 36x36+in. 2-comp. Jig 


Gate discharge 


Picking belt(8) Gate discharge 


Belt discharge Ore picked 


48-in. x116-in. trommel, %-in. holes 


Bin Picking belt(c) 
‘ f GC) 
Cars : Gy) sf ve 
t Waste picked 30x40-in.'3-cell Harz jig Elevator ' 
pimp Bin 2-cell Woodbury jig 
| Gate and hutch products Tr 


Gate and hutch discharges 


Settling pond 
SSS 


a, All material sledged through. 6, 24 in. wide, 22 ft.long. ¢, 30in. wide, 22 ft. long. 


Bra 114 —Crimora mill. 
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Summary. Rough concentration in log washers. Log product crushed 
to about 2-in. and sized into five grades. Coarsest size hand picked; finer 
sizes jigged separately. 


24. Mercury, Hg 


Properties. Metal; silver-white, lustrous, liquid under atmospheric pressures at 
ordinary temperatures. (See also Table 1.) Av. war., 200.6. Not acted upon by dry air 
at ordinary temperatures. Does not decompose water, but that it is slightly soluble in 
water at ordinary temperatures without decomposition of the water can be reasoned and 
has been proven experimentally. Oxidizes when heated in the air and the oxide can be 
broken down by further heating: Insoluble in hydrochloric and in cold sulphuric acids; 
dissolves in hot concentrated sulphuric acid and is easily soluble in nitric acid. Ion is 
of basic character only and may be either mono- or bi-valent. Mercury alloys freely with 
other metals forming AMALGAMS. 

Uses. The drug and chemical trades are the principal consumers. Oxides and ful- 
minates are used in making paints and explosives respectively. Smaller amounts are used 
in electrical apparatus, gold (amalgamating) mills, scientific instruments (thermometers, 
barometers, and the like). If the mercury boiler proves practical from a power standpoint, 
consumption will increase markedly. 


Ores. Cinnabar is the only economic mineral. It occurs as veins, dis- 
seminations or masses of irregular form, not confined to any special type of 
rock, although igneous rocks are often found in the vicinity. The common 
gangue minerals are silica and calcite; pyrite or marcasite is usually, and 
bitumen often, present. 

Production. World production averages about 90,000 flasks (75 lb. each) 
per year. Of this Italy produces slightly more than 50 per cent., Spain 
nearly 40 per cent. and the United States between 8 and 10 per cent. The 
foreign deposits are much higher grade than the domestic, hence competition 
is overwhelming. The principal domestic mines are in California and Texas. 

Price fluctuates widely and rapidly. Average yearly prices per 75-lb. 
flask at New York in recent years were (Hng. and Min. Jour.-Pr.): 1919, 
$92.15; 1920, $81.12; 1921, $45.46; 1922, $58.95; 1923, $66.70; 1924, $69.76. 

Treatment. Ores carrying as low as 0.25 per cent. Hg can be treated by 
roasting more economically than by concentration followed by roasting. 
The ore is c:ushed to a size that will permit oxidation of the cinnabar and 
vaporization of the metal, ordinarily to 1- or 2-in., dried, and then roasted. 
At some mines hand sorting precedes crushing. Concentration of ore carrying 
0.10 to 0.20 per cent. Hg by gravity methods and flotation has been successful 
experimentally (120 P 117; Bul. 222 USBM) but the domestic deposits are too 
small to permit large-scale treatment and small-scale treatment is not 
economical. 


25. Molybdenum, Mo 


Properties. Metal; silver-white, ductile, malleable, difficultly fusible. Ductility 
increases above red heat. (See also Table 1.) Av. wer., 96.0. Unchanged in air at 
ordinary temperatures, but oxidizes on heating. Not attacked by dilute acids, but is 
attacked by concentrated sulphuric and nitric acids. Ion enters into combination both 
as a base and as an acid, is tri-, quadri- and sexa-valent, and the compounds in which the 
valence is highest are the most stable. Alloys with other metals. 

Uses. The principal use is in alloy steels containing from 0.15 to 0.5 per cent. Mo in 
automobile manufacture. Steels containing up to 3 per cent. Mo, usually containing also 
one or more of the following: chromium, nickel, cobalt, manganese, tungsten or sanadnrs 
are used for permanent magnets, high-speed tools, stainless steels, etc. Molybdenum in 
also used as a substitute for platinum in jewelry, dental work and gas-engine ignition 
Molybdenum chemicals are used in dyeing, ceramics, and fire-proofing textiles. ; 


Ores. The economic minerals are molybdenite, wulfenite, and molybdite. 
They occur as irregular masses or disseminations in crystalline rocks, fre- 
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quently associated with bismuth and tungsten minerals, pyrite, pyrrhotite 
and magnetite. Ores containing from 0.5 per cent. molybdenum upward 
may be of commercial grade. 

Production. World production since 1918 has fluctuated from a high 
point of 875 tons in that year through a low of 5.5 tons in 1921 to 230 tons 
in 1924 (33 MI 500). The United States produced more than 60 per cent. 
of the total in 1924, the balance coming from Norway, Canada and Australia. 
The United States is the principal consumer. High-grade deposits are small 
and erratic. The principal domestic deposits are in Arizona, Nevada, Cali- 
fornia, Colorado, New Mexico, Montana and Washington. 

Selling. Concentrate is sold either on the short-ton unit or the percentage 
basis, reckoned on Mo, Mos: or MoO;. Molybdenite concentrate should 
contain more than 65 per cent. MoS2, but concentrate containing 65 per cent. 
MoS, and 25 per cent. pyrite can be successfully converted into ferro-molybde- 
num (Spurr and Wormser). The usual demand is a minimum of 85 per cent. 
Mos, and frequently for 90 to 95 per cent. Arsenic, antimony, barium, bis- 
muth (0.5 per cent.), calcium, copper (0.2 to 0.5 per cent.), phosphorus and 
tin (0.5 per cent.) are objectionable. Pricrs per pound of Mos, in 85 per cent. 
concentrate substantially free from arsenic, bismuth, copper and tin ranged 
from about $0.40 in 1919 to $0.85 in 1924. Potential production is in excess 
of present or prospective demand. 

Treatment. Wulfenite ores concentrate readily by gravity methods. 
Molybdenite does not respond to gravity concentration on account of its 
flaky character and resistance to wetting. Present successful methods of 
recovery employ flotation. In the past hand sorting, electrostatic separation, 
air jigging, skin flotation and Elmore vacuum flotation have been used, but 
none of the plants were highly successful. 

Dominion Molybdenite Co. Fig. 115. (109 J 840.) 


Location: Quyon, Que., Canada. 
Ore: Molybdenite and pyrite in quartz diorite. Dissemination, coarse to very fine 


flakes. 
Capacity: 150 tons per 24 hr. 
Assays, per cent. MoS:: Feed, 0.7; concentrate, 90; tailing, trace. 


Recovery: 98 per cent. 
Ratio of concentration: 125: 1. 


Summary. Flotation (rougher-cleaner routing) with sizing of clean con- 
centrate and rejection of fines. Crusuina: Jaw crusher and 1-stage ball 


milling to 40-mesh. 


Jaw crusher, set 1.5-in. 


Bin 2 @ 2x8-ft. Callow cells (d) 


Oil (b) 


7 @ 6x44-ft. Marcy mill Ce) 
uit ts Callow traveling-belt screen,80-mesh 
(EI Ek AE 
(+) @) 


Overflow (a) Sand Drag dewaterer 


Overflow Solid (f) 


Elevator D 
4 @ 2x8-ft. Callow cells a, 
ee ft Callow cells Shippe 


~ 


ae Rough cone. (c) 
a, —40-mesh. 6, 0.5 lb. pine oil (G. N. 8. No. 5) and 1 Ib. kerosene per ton. c, 10 
to 15 per cent. MoS, and about the same in FeS:. d, Sides raised to prevent overflow. 
Bubble column carried 14 to 18 in. deep. Overflow through 1-in. slot across end. e, 60 
te 70 per cent. MoS». f, 85 to 95 per cent. MoS, 2 to 3 per cent. FeS>. 
Fig. 115.—Dominion Molybdenite Co. 
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It ig interesting to compare the relatively coarse flotation feed at this plant with the 
fine feed (120-mesh) at American Merat Co.,, treating an ore containing granular molybden- 
ite. At the latter plant a somewhat similar flotation operation and 3 or 4 successive clean- 
ings make 65 to 70 per cent. concentrate (MoS2) and only 82 per cent. sulphide recovery 
(61 A 171). Coghill and Bonardi (109 J 1210) working on Primos CueEmicaL Co. ore 
found that fine grinding flake molybdenum greatly increased tailing loss, and in lght of 
their work the Primos flow-sheet was changed so that 35- or 40-mesh feed was sent to the 
rougher-flotation machines and the sandy part of the tailing from these was re-ground and 
re-treated. By this change and a change in oils the tailing was lowered from 0.2 or 0.25 
per cent. Mo to 0.12 per cent. 


Boykin and Hereford wulfenite mill. Fig. 116. (Bul. 111, USBM.) 


Location: Mammoth, Ariz. 

Ore: Cyanide-plant tailing. 

Capacity: 200 tons per day. 

Assays: Feed, 1 to 2 per cent. wulfenite; concentrate, 22.6 per cent. MoO3, 61.8 per cent. 
PbO. 

Ratio of concentration: 100: 1. 


Summary. Gravity concentration by classification and tabling of —4-mesh 
feed. 


40-ton bin 
Stationary inclined screen, 4-mesh 
Tr (+) 
1@ 5-spigot hindered-setiling classifier Waste 
Spigot 1-3 Sbiget 4 Spigot 5 Overflow 
cra ' i 
3 Querstrom tables 1 Ludwig table 1 Card table 1 Card table Cone 
c M ii ec M ile c M Wp ME: M I Spigot Overflow 


1 Card table 


Storage n 
Mill circuit Bin Waste 


Fie. 116.—Boykin and Hereford wulfenite mill. 


26. Monazite 


Properties. Monazite is a phosphate of the cerium metals, (Ce, La, Di) POu, but is 
commercially valuable for the content of thoria (ThO2) which is frequently present in an 
amount between 5 and 10 per cent. Conor is red-brown to yellow-brown, greenish or 
grayish; LUSTER, resinous; HARDNESS, 5 to 5.5; sp. Gr., about 5. 

Uses. The important use is in the manufacture of thorium nitrate for gas maniles 
which are 99 per cent. thoria. Thorium metal is alloyed with tungsten for electric-light 
filaments. Cerium compounds have a limited use in making a sparking alloy, flaming-are 
electrodes, ceramics, dyeing, tanning, etc. Mesothorium, of which minute amounts are 
obtainable from monazite, is used as a substitute for radium. 


_ Ores are placer deposits in which monazite sand occurs with other heavy 
minerals such as zircon, rutile, garnet, ilmenite, magnetite, tourmaline and 
also, of course, with quartz, feldspars and mica. 

Production. The principal producing countries are India and Brazil. 
World production is from 1500 to 3000 tons annually. The principal domestic 
deposits are in North and South Carolina. 

Selling. Concentrate should contain 90 to 95 per cent. monazite and 6 to 
9 per cent. ThO2. Pricw of the Indian mineral was from $12 to.$15 per unit 
of thoria in 1924. In the spring of 1926 the quotation (Eng. and Min. Jour.- 
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Pr.) was $120 per ton for sand containing 6 per cent. ThOs. Demand is small 
and potential production in excess. 

Treatment consists in rough concentration to reject the lighter sands, 
followed by careful separation of the heavier sands by gravity concentration, 
or electrostatic or electromagnetic methods. Sluice concentrate contains 
20 to 60 per cent. monazite. When this is dried and closely sized (20-, 50-, 80- 
and 100-mesh) and treated carefully and by a low-intensity, then a Wetherill 
high-intensity separator, the products are: low-intensity magnet, magnetite; 
high intensity; first pole, ilmenite, hematite; second pole, garnet, platinum, 
epidote, apatite, olivine, tourmaline; third pole, monazite with small amounts 
of zircon, rutile, epidote, etc.; fourth pole, fine grains of monazite; non- 
magnetic, gold, zircon, rutile, quartz, feldspar, etc. The gold, zircon and 
rutile can be separated from the tailing by shaking tables (TP 110, USBM; 
see also Ladoo). 


27. Nickel, Ni 


Properties. Metal; white, lustrous, hard, tenacious, magnetic. (See also Table 1.) 
Av. wat., 58.7. Not acted upon by air or water. Attacked with difficulty by hydrochloric 
and sulphuric acids but readily by nitric acid, forming” the corresponding salts in which 
nickel is a bi-valent base. Tri-valent nickel compounds are unstable and little known. 
Nickel also forms complex ions, especially with nitrogen compounds as KyNi(CN)4:-H20. 
It alloys freely with other metals. 

Uses. The principal use is as nickel steel, which is particularly strong, tough and 
easily machined. Its principal use in the past was for armor plate and projectiles. At 
present the automotive and steam-engineering industries take large amounts. Nickel is 
largely used for plating other metals where corrosion is to be resisted. A new important 
use is in PERMALLOY, used in the manufacture of ocean cable for high-speed transmission. 


Ores. The economic minerals are niccolite, millerite, nickeliferous 
pyrrhotite, pentlandite, garnierite. The two most important deposits of the 
world are at Sudbury, Ontario, Canada, and on the island of New Caledonia. 
At Sudbury the ore consists of enormous masses of nickeliferous pyrrhotite 
segregated at the bottom of a quartz-diorite intrusion, and as scattered, 
irregular masses in the diorite. The ore contains | to 6 per cent. nickel and 
1 to 2 per cent. copper. The ore in New Caledonia is garnierite. No nickel 
mines are worked in the United States, although some few hundred tons of 
the metal are produced annually as a by-product in the smelting of other ores. 

Production. The peak production was 52,000 tons in 1918. In 1922 
it was 10,000 tons and in 1924, 38,000 tons (33 MI 506). 

Price in the spring of 1926 was $0.35 per lb. for ingot metal (about 98.5 
per cent. Ni) to $0.39 for electrolytic (99.75 per cent. Ni). There is no com- 
petition and potential production is greatly in excess of demand. 

Treatment. Both the Canadian and New Caledonian ores are smelted 
directly. 


28. Phosphate 


Properties. Phosphate rock is an amorphous material, principally BoNE PHOSPHATE, 
of the approximate composition Ca3P,0s. Harpness ranges from 2 to 5. Sprciric 
GRAvity is from 2.5 to 2.8. 

Uses. The principal use is as the raw material for acid-phosphate, super-phosphate 
and soluble phosphate to form a base for mixed fertilizers. Small quantities are used as a 
source of phosphorus and in making ferro-phosphorus. 


Ores. The principal occurrences are of three types, viz.: (1) pebble 


deposits, in which rounded particles of the phosphate, usually less than 1 in. 
in size, occur mixed with fine quartz sand and clay in irregular beds under a 
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carerictentir pead 1 @ 25-ft dewdle-log washer (6) 
Grizzly, 4-in spaces (0) - 
G ‘ @ Sand bay 
Drag classifier Waste Elevator 
T CSS ae 7 10-72. 
lump Overflow ee, ; 
36x16-4n. Polis —%-in. +%,-in. — Yat Henin. 
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1 @ 4x10-ft._ trommel, & ~in holes 
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<@ 16xTB-ft. Pyramidal 
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2 @ 1211 2-f%. pyramidal hydraulic classifiers 
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Overflow r 
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6 Butchart tables (c) Storage @® 
Head water Cone, Na T Cone. No. 2 

deorage Zane & 


a, Organic waste picked. Other material sledged or washed through. 6, Usually 
20 to 30 ft. long, 1 to 15g in. per ft. slope. ¢, Such separation as is effected depends on the 
fact that the quartz is smaller than the phosphate and therefore rides higher on the table. 
d, Dried, usually in rotary driers, fed at the cold end, coal or oil-fired. Usually 4 or 5 
by 30 to 50 ft. Capacity, about 100 tons sand or 120 tons reck per 10 hr. from 5 or § to 
1 on. 3 per cent. moisture. Coeasl consumption, 5 to 6 tons per 10 hr. power, 5 hp., ene 
man to two driers (472 J 90). e, Dorr bowl thickeners have replaced these cones in some 
washers and saved more fine phosphate. 


Fre. 117.—Charleston Mining and Manufacturing Co.. phosphate washer (£75 J 


225). 


aA Feed (a) Sou 
Stationary inclined sereen, Xia. aperture tua 
iin Smart of wan SoU ate Sand pump 
Tromme! or shaking sereen, T-in. holes Hydraulie classifiers 
@) ay Oe tr tere one ee 
Log wasker (b) CI es Spigot 
Qverflow Elevator a 
Vibrating screen, &-in. holes 
J ; Ekvater 
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a, Delivered by centrifugal pump in a pulp containing about 10 per cent. solid& Con- 
tains 35 to 50 per cent. +Séa-in., assaying upwards of 68 per cent. B. P. L. and the balance 
about 35 per cent. B. P. L. 5, Usually 2og, 20 to 30 ft. long, 1 to 14g in. per ft slope. 
ce, See note (d@), Fig. 117. 

Usual capacity, 1500 to 2000 tons per 10 hr. Recovery is usually not over 30 per cent, 
ef the phosphate content of the feed. 


Fie, 118.—Typical Florida pebble-phosphate washer, 
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few feet of soil; (2) hard-rock deposits in which the phosphate rock is either 
in place or in the form of boulders and nodules, in either case mixed with and 
overlain by residual clays, sand and soil; (3) bedded deposits, i.e., beds of 
phosphate rock interstratified with sedimentary rocks. 

Production. World production was 4,100,000 metric tons in 1919, 
7,700,000 in 1924 and in the intervening years ranged between these two 
extremes. The United States and Tunis together produced about 75 per cent. 
of this total, each producing about the same amount. Algeria, Morocco, 
Nauru Island and Ocean Island were the other big producers. The Pacific 
island deposits are exceptionally high grade (80 to 85 per cent. bone phosphate, 
B. P. L.). The domestic production comes principally from Florida and 
Tennessee. The bedded deposits of the western states, Utah, Idaho, Wyo- 
ming, and Montana, are enormous (estimated at 6,000,000,000 tons) and 
readily mined, but cannot compete with the eastern product on account of 
freight. 

Selling. The acid-phosphate market requires a phosphate content 
(B. P. L. = tri-calctum phosphate) between 70 and 80 per cent. with a maxi- 
mum of 4.0 to 6.5 per cent. combined Al,O; + Fe2.0;. A usual procedure is to 
credit 2 per cent. B. P. L. for each per cent. of combined iron oxide plus 
alumina below an agreed maximum and penalize similarly for excess. Mois- 
ture content is usually below 3 per cent. Prices for domestic consumption, 
f.o.b, mines, quoted in the spring of 1926 were: Florida, pebble; 76 @ 77 
per cent. B. P. L., $5.75 per long ton; 75 per cent., $5; 74 @ 75 per cent., 
$4.75; 70 per cent. $3.25. Tennessee, rock; lump (—34-in. screen), base 
75 per cent. B. P. L., $6; ground, 95 per cent. —200-mesh, base 65 per cent. 
B. P. L., $7.25; 70 per cent. base, $8.25 (J, Mar. 6, 1926). 

Treatment consists in washing in log washers and screen washers. Flow- 
sheets vary somewhat according to whether the ore is pebble phosphate or 
rock phosphate. See Figs. 117 and 118. 


29. Platinum, Pt 


Properties. Metal; gray-white, heavy, tough, malleable, ductile, capable of welding 
at red heat. (See also Table 1.) Av. wet., 195.2. Not acted upon by air or water, 
nor appreciably by pure acids. Dissolves rather slowly in aqua REGIA. Also attacked by 
fused caustic potash or soda and by phosphorus at red heat. Forms easily-fusible alloys 
with readily reducible metals. Finely divided platinum occludes enormous quantities of 
oxygen and hydrogen and exhibits marked catalytic properties, especially in the acceleration 


of gas reactions. Platinum acts both as a base- and as an acid-forming element, the basic 


ion having a valence of either two or four. . é ec 
Uses. Catalytic agent in contact-process sulphuric-acid plants; in jewelry and dental 


supplies; in scientific apparatus; in incandescent electric-light bulbs. It is being replaced 
in dental supplies by other alloys and in incandescent lights by alloys possessing the same 


coefficient of expansion with heat as glass. 

Ores. The economic mineral is metallic platinum, usually alloyed with 
one or more of the elements iron, iridium, rhodium, palladium, osmium and 
ruthenium. It has usually been recovered from placer deposits near areas 
of basic igneous rocks; peridotites, pyroxenites, dunites and serpentine. Grav- 
els that carry platinum are usually rich in chromite and olivine. Recently 
what appears to be a large primary deposit has been found in dunite in South 


Africa. 


Production. World production in 1912 was about 280,000 troy ounces 


of which 250,000 came from Russia. In 1921, with Russia practically elimi- 
nated (5500 oz.) world production dropped to a minimum of 48,000 0%. In 
1924 it was 104,500 oz., of which Colombia produced 51,300 oz.; Russia, 40,000; 


202 METALS AND MINERALS Sec. 2. 


Canada, 9200; United States, 3500, and Australia, 500. Of the domestic 
production only 315 oz. was crude mine platinum; of this, 285 oz. was a by- 
product of California gold dredges. 

Prices. The restricted supply has caused an increase in price to an average 
of $119.09 per troy oz. in 1925. The price in 1908 was $16.32; in 1913, 
$44.88, and in 1919, $114.61. For a discussion of the South African dis- 
covery and the possible effect on prices see 83 MI 583. 

Treatment. Platinum is recovered from gravels in sluices, gold tables 
and the like (or by pan, batea, rocker, ete., in the case of rich placers) in the 
same way as placer gold is recovered (see p. 120). It does not amalgamate 
readily. The platinum that is recovered from gold dredges is caught with 
black sand and:amalgam in the sluices, the amalgam is separated, the residue 
ground fine and then concentrated in a long tom or rocker until the bulk is 
small. The final clean-up is made dry by careful and repeated blowing and 
treatment with a hand magnet. 

In refining, the platinum metals are separated. These sell at prices 
ranging from about $50 per oz. for ruthenium (1924) to as high as $400 per oz. 
for iridium (1925). 


30. Tin, Sn 


Properties. Metal; white, lustrous, crystalline, malleable, very ductile at ordinary 
temperatures; when exposed for a considerable time to low temperatures, the ordinary 
form changes into.a grayish powder of sp. gr. 5.8, known as gray tin. (See also Table 1.) 
Av. weT., 118.7. Not acted upon by air or water at ordinary temperatures. When heated 
in air above the melting point it oxidizes to stannic oxide. At red heat tin decomposes 
steam with evolution of hydrogen. Tin is attacked by the common mineral acids, both 
dilute and concenirated, also by strongly basic hydroxides. The ion is both bi- and quadri- 
valent and acts to form both bases and acids. Tin alloys freely with other metals. 

Uses. On account of its resistance to corrosion by air, water and weak acids, tin sur- 
faces are widely used where such corrosive action is to be resisted. Hence tin-plate, which 
is sheet iron covered with a thin layer of tin, is used for roofs, kitchen utensils and con- 
tainers for canned goods. Cooking utensils made of copper are tinned to prevent the 
formation of poisonous copper salts. Important ailoys of tin are: soft solder, an alloy 
of tin and lead which has a lower melting point than either the tin or lead; bronze, bell 
metal and speculum metal, principally copper and tin; Britannia metal, consisting of tin 
and antimony, with sometimes copper and zinc; bearing metal and pewter. Lead-tin 
alloys are used for foil, collapsible tubes and the like. Tin salts are used to weight silks. 


Ores. The principal economic mineral is cassiterite. Stannite is rela- 
tively rare. The largest production comes from cassiterite gravels, but 
primary ores in which cassiterite and sulphides occur in pegmatitic veins 
are also important. 

Production. World production amounts to from 120,000 to 130,000 long 
tons per year. Of this the placer deposits of the Federated Malay states and 
of the Dutch East Indies (Banka and Billiton) produce about 50 per cent. 
and vein deposits in Bolivia 20 to 25 per cent. Other important producers 
are Australia, China, Nigeria and Siam and, of less importance, Great Britain, 
Congo, Czecho-Slovakia, India, Unfederated Malay States, and Union of 
South Africa. 

Selling. Tin concentrate should contain 50 to 70 per cent. Sn. Placer-tin 
concentrate is usually relatively pure. Bolivian concentrate contains im- 
purities such as lead, arsenic, bismuth, antimony, copper, iron and sulphur 
that are difficult to eliminate and hence highly objectionable. Average 
yearly prices of metallic tin (99 per cent. Sn) at New York were: 44.25 
cents per lb. in 1918; 63.33 in 1919; 48.27 in 1920; 28.58 in 1921; 31.83 in 
1922; 41.80 in 1923; 49.67 in 1924; and 56.79 in 1925 (121 J 145). 
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Treatment. Cassiterite placers are mined and treated by the usual placer 
methods. The Bolivian vein deposits are of several different varieties and 
degrees of complexity. The tin mineral is invariably cassiterite. In the 
simple oxidized ores the accompanying minerals are principally quartz 
feldspars and iron oxides, and separation is simple. The sulphide Gres! 
frequently occurring in the same mines below the oxidized ores, contain, 
in addition to cassiterite and the gangue minerals, part or all of the following: 
pyrite, chalcopyrite, bornite, arsenopyrite, wolframite, bismuth minerals 
silver minerals, galena, and sphalerite. Many of these ores are of high grade 
and the cassiterite occurs in relatively coarse particles, but the complexity 
of the ores makes concentration difficult and the inaccessibility of the district 
makes changes in methods slow to be effected. In Cornwall the ores are 
low grade, more or less complex and the cassiterite is very finely dispersed. 
Many of the mills are ancient, as mills go, owners and operators are highly 
conservative, and most of the flow-sheets, judged from the viewpoint of 
American operators, are antiquated. 

Placer tin (Fig. 119). The ores (gravels) are typically low-grade, repre- 
senting tailing from previous placer operations on higher-giade gravels or low- 
grade ground that was passed over in the earlier work. In the typical flow- 
sheet coarse material is removed on a screen, a relatively large amount of 
low-grade concentrate is made in sluices and this concentrate is cleaned up 
by hand on small film-sizing tables and hand jigs. 


Gravel excavated by open-pit 
methods. hydraulicking or dredging (a) 
Sizer and disintegrator (b) 


Cleaning shed 
Sluice (f) 


a, See Peele, Sec. 10, Placer Mining Methods. 6, On dredges a revolving stone 
screen with 0.5- to 0.75-in. round holes is ordinarily used here; in hydraulic mining a 
sluice grizzly and in open-pit mining a disintegrator somewhat resembling a log washer or 
one consisting of a horizontal pan in which the material is harrowed by stakes depend- 
ing from revolving radial arms. c, 4 to 6 ft. wide, 60 to 300 ft. long; grade, 1 in 24 
to 1 in 40, depending upon percentage of moisture in feed pulp. No riffles, but 3 X 2-in. 
stops are placed across the bottom at 6- to 10-ft.intervals, and as concentrate builds up behind 
these the height is increased to 9 or 12 in. d, Collected at intervals of several hours to 
a week (depending upon rate of accumulation) by shutting off feed, turning in a small 
stream of clear water, and shoveling over carefully, (See Sec. 8, Art. 11.) The crude 
concentrate finally collected contains from 10 to 50 per cent. cassiterite, the balance being 
black sand, ilmenite, pyrite, etc. e, Probably contains 10 to 15 per cent. of the tin in the 
feed. f, 10 to 12 ft. long, 9 to 10 in. deep, converging from 3 or 5 ft. at the head end ta 
about 15 in. at the discharge end. Water supplied full width at the head end over a weir 
board 6 to 7 in. high. Operated first with a fairly strong stream of water and hoeing of 
the material to remove the bulk of the sand tailing. The residue is then washed with a 
weak stream and the coarse material collected at the lower end. The remainder is finally 
washed again with a heavier stream and at the same time brushed up-slope, yielding fine 
concentrate and middling. g, Tin-plate sieve, 12 in. diam., 3 in. deep, 60- to 80-mesh 
apertures. , Assays 70 to 76.5 per cent. Sn. i, About 0.1 per cent. Sn, 


Fic. 119.—Typical Malay placer-tin plant. (15 MM 827; 34 IMM 357). 


Summary. No crushing. Concentration by 2-stage sluicing and hand 
jigging of coarse finishing-sluice concentrate. 
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On two of the Malay dredges of the Yuxon Gop Co., screen undersize is sent to a speci- 
ally designed 4-compartment hydraulic spitzkasten, 6 X 18 ft. with a strong horizontal 
stream of hydraulic water flowing under the main pulp stream. Overflow goes to waste 
and the spigot products are fed into four 4-compartment Harz jigs (36 X 48-in. sieves) 
bedded with 0.5-in. lumps of tin or iron ore and making hutch concentrate. Products of 
the first two hutches of the three coarse jigs are sent to a native cleaning shed and sluiced 
as described above; products from third and fourth compartments go to a high-speed jig 
that treats the fourth-spigot product of the classifier and makes finished concentrate and 
tailing. Recovery of 97 to 98 per cent. of the tin in the feed is claimed, but at the expendi- 
ture of 30 to 40 hp. additional, as compared to the ordinary sluice, and with the requirement 
of specially skilled labor and closer supervision. "i 


Portuguese American Tin Co. Fig. 120. (104 J 1109.) 


Location: Guia, Portugal. 

Ore: Placer tin; cassiterite in gravel. 

Capacity: 40 to 50 cu. yd. per hr. 

Power: 25 hp. for jigs and screens; 85 hp. for pumps. 


Oredge buckets 
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a, 13 in. wide, 6 in. deep, 80 to 100 ft. long. ‘Transverse iron rifles, 154 in. deep and 
2’ in. apart. Six sluices constantly in use while the other two are being cleaned up. 
b, Narrow, deep launder with slight slope and strong water current. Material hoed 
over and up-stream. c, Averages 68 per cent. Sn. d, Principally ilmenite. 


Fic. 120.—Portuguese American Tin Co. 


Simple low-grade tin ores 


The method of treatment is typified by the flow-sheet of the ANcHOR mine 
and the primary machines in the East Poon mill. It consists in preliminary 
fine grinding (—0.5-mm.) followed by repeated passage of the tin-bearing pulp 
over slime-gravity concentrators with re-treatment of the rough concentrate 
to raise the grade, middling being returned to the circuit. It is a surprising 
element of these flow-sheets that no re-grinding of tailing is practiced, not- 
withstanding the usually very fine dissemination of the cassiterite, with the 
result that substantially no tin not freed in the primary grinding is saved. 


Anchor mine. Fig.121. (109 P 68.) 


Location: Lottah, Tasmania. 

Ore: Low grade. Cassiterite in granite. More than half the cassiterite will pass 
200-mesh. 

Capacity: About 300 tons per 24 hr. 


Assays, per cent. Sn: Feed, 0.10 to 0.16; concentrate, 68 to 73; tailing, 0.025 to 0.03. 
Recovery: 70 to 75 per cent. 
Ratio of concentration: 550 : 1. 


Summary. Gravity concentration by repeated roughing of roughly 
classified products with cleaning and re-cleaning of concentrate and re-treat- 
ment of middling without re-grinding. 
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This is an exceptionally low-grade ore and the repeated re-treatment could only be 
justified economically with a valuable metal. As it is, the lower limit of tin assay in the 
feed (0.10 per cent.) is just about the lower economic limit. 


Jaw crusher 
No 5 gyratory crusher 


Battery bins 


Sospi bins Challenge feeders 

' 
Cars 100 @ 900-Ib. stamps (d) 

[Son aare 

20 @ 2-compartment hydraulic classifiers 
Spigot products separately Overflow 
Shaking tables Settling tanks 
, A Spigot products Overflow 
t 
Jigs - Settling tanks Shaking tables 


v T (a) Overflow Spigot 
=. ' 


Shaking tables 


Hydraulic dresser 
M 


c 


© (Sn) (b) 


Settling tanks 


Continued dressing and 


re-dressing on buddles Spigot Overfiow 
and frames Borlase buddles (c) __ 
———— 
Uhese i 
Hand-buddle and hieve Waste 
M C Kieve 
. = 


—~ 


a, Topaz, heavy sand, iron, etc. 6, 73 per cent. Sn. All other concentrate worked 
up to 68 to 70 per cent. c, Building type. d, 0.054-in. Ton-cap. 
Fic. 121.—Anchor mine. 


Complex tin ores 


There are four types, viz.: (1) Bolivian sulphide ores, low in lead and 
silver and containing no other minerals of economic value (see Avicaya 
mill and CompaNIa ESTANIFERA DE LuaLuaaua); (2) the same, but high in 
silver and usually containing economic amounts of gold, lead and copper 
(Socavon pE Oruro); (3) Cornish ores, carrying wolfram and arsenic in 
economic quantities in addition to tin (Easr Poo); and (4) ores containing 
tin, lead and wolfram in economic quantities (BurLER mine). The sum- 
maries of the following flow-sheets set forth the typical features. 


Avicaya mill. Fig. 122. (114 P 774; 115 P 343.) 


Location: Pazna district, Bolivia. ‘ f 
Ore: Oxidized: cassiterite in a silicious gangue with some iron oxides. 
cassiterite and pyrite in quartz with minor amounts of chalcopyrite and other sulphides and 


some feldspar and tourmaline. 


Capacity: 50 tons per day. i ss - 3 
ioe. per cent. Sn: Feed, 5; concentrate (oxidized ores), 60 to 65; sulphides, 50 to 55; 


Sulphide ore: 


tailing, —1. 


Summary. Step gravity concentration beginning at 3-mm. with repeated 
treatment of fine sand making at each step a concentrate for magnetic treat- 
ment and a middling for re-grinding or re-concentration, according to fineness, 


Magnetic treatment is unnecessary with oxidized ores, 


g 
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Milling ore (a) 
Jaw crusher 


& 
2 dry-crushing Krupp ball mills, 3-mim. screen 1 @ 5-stamp battery 


Drag classifiers 


Sand Ones 
| 
Sectional trommel. 3- and 1.5-mm. apertures Drag classifiers 
— 
+3-mm, —3-mm.+1.5-mm, -1.5-mm. Sand Overflow 
1 @ 2-comp. Harz jig 1 @ 2-comp. Harz jig 2-spigot hydraulic classifiers 
Hutch cone. T T Hutch cone, Spigots Overflow 
——— ———————— ' 
2 Wilfley tables 
Dewatering cone : 
Alternatives a g ‘| 4 
Oxidized Sulphide Spigot Overflow 1 Deister sand table 
ore ore 


Hl 


f : 
Shipping bins Wilfley table 
a pace. Drag classifiers 


Magnetic plant 


Sand Overflow 
1 @ 5x5-ft. ball mill if 


Dewatering cone 


1 @ 14x3-ft. Dorr thickener 


: ona i ge Spigot Overflow 
eister slime tables Waste 2 Deister slime tables Waste 


IIs 
~ 


a, Comprises upwards of 50 per cent. of the mine product, the balance, both waste and 
lump cassiterite, having been cobbed out on sorting floors. 


Fie. 122.—Avicaya mill. 


Compania Estanifera de Llallagua, magnetic plant. Fig. 123. (100 J 513.) 


Location: Liallagua, Bolivia. 
Ore: Cassiterite-arsenical pyrite concentrate from gravity-concentration mill. (For 


type of gravity-concentration mill, see above.) 
Capacity: 10 tons per 24 hr, 


Assays: 


Sn, Fe, 8, 
per cent. per cent. | per cent. 


Concentrate (Table 87)...... 68.05 2.90 2.09 
RES Fae eae Caer eh £3 0 Rial Meese ces tacie| lone occa 


Recovery: 93 to 95 per cent. 
Ratio of concentration: about 2: 1. 
Cost (3 mo., 1914) per ton milled was $1.94 to $2.65. 


Summary. Roasting to render pyrite magnetic, followed by magnetic 
separation of iron- from tin-bearing minerals. 
At some plants the iron is “‘flash-roasted’’ only. 
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Table 87. Analysis of Llallagua tin concentrate. (After Copeland «nd Hollister) 


Material Per cent. 

Tin oxide (68.32 per cent. Sn).] 86.670 
Fe AN esa. e! Bcevs, arg hh s-ccc howe <cte 4.746 
Rn doc ot ee ee eee 0.023 
Cu MeN Ob chates sa reerubvert eine yrelturteewL); epee owes 0.060 
BIR Isa at eee ees BR, PERS 0.360 
WAS. chain. Sree: eee . 0.070 
VAR en: Steen, SP aaeee Meat oe 0.225 
Ag nis ee Ai TES ene arr ae Peters salt 0.006 
TRG ee iene ei eas th any ae 0.400 
AONE US ote 0.560 
(OEY Os epee See Bene ees 0.130 
DiOous nett as swish ae ese Sia 2.240 
AUB Rees ah ERENT, SPE AIT NCR REE A 3.586 
O"anOWoss cra wised x1. tases 0.924 
100.00 


Cassiterite-pyrite concentrate (b) 


Drying floor (a) 
Cars 
Scales 


fe feeder 
5-hearth Kauffman roasting furnace (c) 


Roasted product (f) Smoke and dust (d) 
Conical revolving cooler Xe) Dust chamber 
Water Smoli D 
Stern magnetic separators (g) bes ad, 
Non-magnetic Magnetic (i) Stach 
@ (Sn) (h) Huntington mill 
Cae Sies 
Tables 

€ (Sn) () Li 

1 

Shipped River 


a, Concrete floor on which material is hand raked until it contains about 5 per cent. 
moisture. 6, Mostly smaller than l-mm. c, Similar to McDougall furnace. Roasted 
until sulphur content is lowered from 25 or 27 per cent. to 10 or 12 per cent. Burning 
sulphur furnishes necessary heat. Properly roasted material appears black with metallic 
luster. Reddish, over-roasted material causes poor work on the magnetic separators and 
too much iron in concentrate. d, Less than 5 per cent. of furnace feed. e, Similar to 
short conical trommel, but with un-perforated jacket. Serves also to equalize feed rate to 
separators. f, Assay: 33.3 per cent. Sn, 12.76 per cent. S, 29.3 per cent. Fe. g, Draws 
about 6 amp. at 110 volts. 14r.p.m. About 18 gal. per min. required to feed and remove 
concentrate from one separator. h, Assay, 68.05 per cent. Sn. Separator recovery = 93 
to 95 per cent., equivalent to +90 per cent. of tin entering furnace. i, Assay: 3.8 per cent. 
Sn, 21.22 per cent. 8, 50.07 per cent. Fe. j, Table recovery about 70 per cent., equivalent 
to 3.5 to 5 per cent. of tin entering furnace. k, Rarely over 5 per cent, Sn. 


Fig. 123.—Compafiia Estafifera de Llallagua, magnetic plant. 
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Socavon de Oruro, Fig. 124. (6 MM 301.) 


Location: Machacamarca, Bolivia. 
Ore: Complex sulphide and oxide ores containing tin, silver, gold, lead, copper, iron, 
antimony and arsenic in a silicious gangue. 


Assays: 
Ag, Au, Sn, Pb, Cu, 
OZ. OZ. per cent. per cent. per cent. 
BRéedis. esas cs es eee 39-9 fl) derees ows 30) A Co 
Ag-Cu precipitate........... DEO: >. Mek ee ow Nae ee eet Ihe tere ots 50 
Ag-Pb ‘précipitate. +20... sen.! : 35 oo ee ee 23 2 
Concentrate (Sn): 
Jig-and sand table. bos She scwckererest “eee eins QO A eon sieccaien'l —.caebemes 
Slime: tablersireek heen ere eer eRe ees oe SORC OR a eccowsrarerams | otal oceiaevee 
Budde rice cece e ae ef eee lt erste ever aah Meee dan sie rece OWS oo: cMres | ee petetente 


Summary. Two-stage leaching to recover silver, gold, copper and lead 
followed by gravity concentration of leaching-plant tailing. CRUSHING: 
The notable feature is dry-crushing in screen-discharge ball mills. This is 
typical of what is probably the best practice in relatively fine granulation for 
roasting. The Huntington mills would be replaced in more modern practice 
by a revolving cylinder mill (rod, ball or tube). 


Sulphide ore 
Dry-crushing Krupp ball mills, 1-mm, slot screen Oxidized ore 
8-Hearth roasting furnaces (a) Ory-crushing Krupp ball mills, 0.7mm screen 


Leaching vats 


Second wash Sand residue 
——— 


First wash Hypo(b). 
Water <—— Ca 8, (c) 


Scrap-iron precipitating troughs Precipitating, tanks 
SSS 
Precipitate (Ag-Cu) Waste solution Precipitate (Ag-Pb) Effluent 


Settling vats 


——— 
Precipitate Effluent 
Roaster Fillers 
av | Ex - 
Shipped Cake Filtrate 
Spitzkasten 
Coarse Fine 
Jigs 7-compartment spitzkosten 
——— ee! 2 a ae 
C(Sny M Overflow Spig. 1-4 Spig.5-7 
a OG Huntington mills ‘ Shaking tables Round tables 
3-¢ompartment spi é § : 
— epee (Sn) T T ts 
Spigot 1,2 Spigot 3 Overflow 
f ' 1 : 
Shaking tables Round tables Buddles Buddles 
——— os aa ae ale Abe eo So, aeeanee 
on) ety @(Sn) (Sn) i C(Sn) f 


a, Sulphur reduced from 30 to 3 per cent. About 4 per cent. sodium chloride added on 
last hearth. 6, 0.5 percent.sodium hyposulphite. 10to12days. c, Madeon the ground 
by boiling together sulphur and lime, both obtained locally, 


Fig. 124.—Socavon de Oruro. | 
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East Pool mill. Fig. 125. (@ MM 116.) 

Location: Cornwall, Wales. 

Ore: Complex mixture containing cassiterite, wolframite, arsenopyrite and chalcopyrite 
in silicious gangue. Cassiterite finely disseminated. 

Assays: Feed, 0.5 to 1 per cent. Sn, about the same amount of As203 and half as much 
WOs3. 

Recovery: 60 to 70 per cent. Sn. 


Summary. Gravity concentration to reject rocky tailing; roasting to 
recover arsenic and render iron magnetic; leaching to remove soluble iron, 
and two-stage magnetic separation to separate tin and wolfram. 


Run-of-mine ore 
Coarse crushing to -1.5-in. 


Gravity stamps, 30-mesh screen Rectangular frames 
Hydraulic classifier ec 
Spigot products Overflow Round tables 
Wilfley tables ¢ M T 
T M Acme 'tables 
Frue vanners 
fF C 
Settlers Frue vanners 
Ale line Rectangular frames 
T 
Roasting furnace pe 
Wilfley tables As,,0, ¢ i 
T C : Roasting furnace 
Round table As,0, 
: ee 
Kieves Round table 
peered solid Overflow le 
! 
Drier Mill circuit 
Wetherill magnetic separator 
M (Sn-Fe) Magnetic (Sn-Fe-W) Hon-magnetic 
Leaching tank, 1%#H,80, € (Sn) 
Tube mills Resid Effluent 
Hydraulic classifiers SL 5a | 
Drier Waste 
Spigot products Overflow 
Wilfley tables Round table Wetherill magnetic separator _ 
T C Magnetic Non-magnetic 
C (Wolframite) C (Sn) 
Automatic sampler Kieves Kieves 
Reject Sample g Mill circuit é Mill chreuit 
Waste eg 
aoe 
- 


Fig. 125.—East Pool mill. 


(106 J 530.) 


Butler Mine. Fig. 126. 


Location: Torrington, N. S. W. 
Ore: Complex tin-wolfram-lead. 


Recovery: Sn, 80 per cent.; WO3, 68 per cent.; 


per cent. by flotation = 64.5 per cent. 


Pb, 66 per cent. in gravity mill and 93 


7 
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Summary. Collective gravity concentration on tables, vanners and 
frames with flotation of gravity concentrate to separate lead, and magnetic 
separation of flotation tailing to separate tin and wolfram. 


Shaft 
Cars Conyeyor 
Grizzly Hill bin 
(as) e) 10@ 1250-16. grav ty stamps 
Blake crusher Sampler 
Reject Sample ¥ 


7 @ 3-compartment hydraulic classifier 


Spigot 1 Spigot 2 Spigot 3 Overflow 
2 Wilfley tables 1 Wilfley table 1 Wilfley table 2 Callow tanks 
=== ee 
Cc MH Cf c M = Spigot Settling box 


3 Wilfley tables Spigot Quer; 


Hydraulic cleaner 


c u 


Ooerfiow 
Rectangular frame 


¢ as "_ 3-comp. dewatering bor 
High-speed end-shake vanner : 
Ta Spigot Overfiow 
C T Waste Slime tank 
; i Cs eee 
Sampler Spigot Overflow 
7 
Sat) ple Reject Waste Mill supply 


Tank 
Classifier 
Sand Querflow Oryer 
Berdan pan Motor-type magnetic separator 
M.S. standard flotation machine Magnetic Non-magnatie 
ce) a £ (Sm) 


a, Average, 53 per cent. Sn, 12 per cent. WO3, 5 per cent. Ph. 


Fie. 126.—Buitler mine. 


31. Titanium, Ti 


Properties. Metal; steel gray, lustrous, non-crystalline structure; hard, brittle, non- 
ductile. (See also Table 1.) At. wer., 48.1. Oxidizes to TiO. when heated in air. Pow- 
dered metal reacts slightly with boiling water with evolution of hydrogen. Dissolves in 
warm hydrochloric and eold dilute sulphuric and nitric acids. In the important com- 
pounds the ion is quadri-valent, both base- and acid-forming. Ion is also tri-valent. 

Uses. The principal use has been as a de-oxidizer and cleanser in steel making: 
Titanium-treated steels are said to be stronger and tougher than untreated steels. They 
are used for axles, tires, and other forgings; gears and pinions, plates, castings and rails 
The tonnage of the latter has decreased from over 250,000 in 1910 to 25,000 in 1916, due te 
the increasing use of open-hearth over Bessemer steel for rail manufacture and the uncer 
tainty as to the benefit of titanium in open-hearth smelting. At present the demand fo. 
ferro-titanium is small in comparison to the supply. Other titanium alloys are those with 
aluminum and copper. Titanium-aluminum bronze is said to have physical properties 
equal to phosphor and manganese bronzes and to be lighter. Titanium salts are used im 
textile and leather industries for dyeing, mordanting and bleaching. ‘There is also a limited 
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compounds in the cexamic, dental and metalename industrics and the 
aciamp detrode. The use of titanium oxide as 2 paint pigment  onen fee 


Ores, The economic minerals are rutile and ilmenite. Tnmenite occurs 
rath: Y associated with magnetite in masses which, if the smelting 
foblesn were solved, would be of commercial importance. These deposits 
not of the enormous size popularly believed, but two of them, one in New 
k and one in Wyorsing, are reported by Singewald (Bul, 64, USBM) 
te of such extent as to be of importance as iron producers. Butile occurs 
It igneous, sedimentary and sactamorphic rocks as microscopic grains included 
in the silicate rock-forming roinera 8; 28 scattered, separate grains, and as 
ase. The latter occurrence is the only one of economic importance. Only 
ur deposits of commercial size are known; in the United States, in Virginia; 
a Quebec, Canada; in Norway; and in southern Australia. 
ion of rutile concentrate, 95 pet cent. TiO, at the Virginia mine 
Fanges from less than 100 to less than 600 tons per annum and ilmenite con 
Fate (52 per cent. TiO.) is produced in the same plant in slightly greater 
mtity. Rutile and ilmenite are also obtained as by-products in the treat- 


} $0.10 to $0.25 per Ib. ($0.12 to $0.15 for granular Virginia and $0.17 
© 90.20 for —100-mesh in March, 1926). Tlmenite (52 per cent. TiO.) 
Was quoted (J, March, 1926) at $0.015 per Ib. Lob. Virginia points and $60 
Per short ton, Florida mines. 

___ Treatment at the Virginia mines consists in wet-gravity concentration to 
ollect a mixed rutile-ilnenite concentrate and high-intensity magnetic separa- 
tion to take out rutile concentrate and leave ilmenite concentrate. 


‘ 32. Tungsten, W 
_ Properties. Metal; gray, hard, dense. malleable and remarkably tenacious and ductile. 
Ui con be drawn into finer wire than any other metal. The fine wire hae exceptionally high 
tensile strength (See also Table 1) Ar. Wet, 124. Not affected by air at ordinary 
femsperatures but burns to the trioxide, if heated sufficiently. Not attacked by water or 
the common acids. Dissolvs dlowly in alkali hydroxides and in fused alkah Ditrates, 
iittites aud peroxides. on is sexa-valemt. The metal alleys readily with nickd, eobait, 
wolypdenum, chromium, iron, mangance, vanadium, uranium, titanium and thorium. 
_ Uses. More than 99 per cent. of all tungsten mined goes into the manufacture of ferro- 
loys and tungsten stecls. Tungsten is an cosential dement of high-pecd tool steds, 
Which are indispensable in present-day manufacturing. Other uses for the metal are for 
wage steel, clloys with aluminum, copper, zine, nicked, cobalt and other ineials, incan- 
leseent lamp fllaments, dectrical apparatus, Kay tubes, needles for sound reproduction, 
iad 2s 2 eatalyzer in production of amamonis from atmospheric nitrogen. Tungsten salts 
re used for fire-prosfing doth, as mordants in d yeing, and for coloring glass and porcelain. 

Ores. The economic minerals are scheelite, hiibnerite, ferberite and 
yolframite. Deposits are usually placers or fissure veins; less commonly in 
egmatites and contact-metamorphic zones. The usual gangue minerals are 
lwartz, fluorite, cassiterite, tourmaline, mica, etc., occasionally sulphides. 
the country rock is commonly granite, less frequently quartzite, limestone and 
ctamorphic rocks. 

Production. World production of tungsten concentrate (60 per cent. WO 3) 
1 1914 was 3000 metric tons. The peak production was 32,000 tons in 1918. 
roduction in the years 1921 to 1924 was 5600, 9700, 8000 and 550 tons, 
spectively. Of this 55 to 65 per cent. comes from Chinaand 12 to 15 per 
mit. from Burma. The United States is a small producer under normal 
romnstances, although in 1915 United States production was about 4600 
ms (83 MI 721). 


_ Price of high-grade rutile concentrate (94 to 9 per cent. TiO:) varies 
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Selling. Tungsten concentrate for making ferro-tungsten should carry 
upwards of 65 per cent. WO; and not more than 0.5 per cent. each of Sn, Cu, 
P, As and S. Lower grades may be used in chemical manufacture (Spurr 
dnd Wormser). Sales ate usually based on the 20-lb. unit. Prices of con- 
centrate on this basis, in the United States, have ranged from a high of $34 
per unit for 60-per cent. concentrate for the year 1916 to a low of $3.20 in 1921. 
The quotation in March, 1926 (J), for wolframite concentrate at New York 
was $11.50 to $12.50 per unit. Foreign prices are much lower, the American 
price being artificially maintained by the tariff. s 

Treatment. There are two general types of mills, designed to treat the 
two entirely different general classes of ore in which tungsten occurs. The 
American and some Australian ores consist essentially of the tungsten mineral, 
-usually scheelite or ferberite, in a silicious gangue, while most of the foreign 
ores that are being worked are complex and carry wolframite with cassiterite 
and iron and lead sulphides. The simple ores are usually of higher grade 
than the complex and the tungsten mineral more coarsely disseminated. 
The GuiEenorcuy flow-sheet is typical of the older practice in treating the 
simple ores. Variations comprise hand sorting ahead of the jigs, rough 
classification prior to tabling, and magnetic separation of roasted concentrate. 
The Tunasten Mines Co. mill is typical of modern practice on low-grade 
simple ores. Mills treating higher-grade ores usually include jigging and 
may include hand sorting. This modern practice recognizes the friability 
of the tungsten minerals and the whole endeavor is to crush so as to produce 
as little slime as possible and to begin removal of concentrate as soon as the 
mineral is free. In treating higher-grade ore, tailing from slime tables and 
vanners is usually run over rag frames and the frame concentrate cleaned or 
shipped to electric-furnace plants or mixed with the higher-grade coarse 
concentrate. Recoveries on simple ores range from $5 to 85 per cent., depend- 
ing on the grade of feed and elaborateness of plant. The S. ann M., the 
BURMA QUEENSLAND, and the Hasr Poon flow-sheets are illustrative 
of methods of separating wolframite from complex ores. In all cases the 
practice is to make a collective gravity concentrate containing the wolfram 
and to utilize the permeability of wolframite to effect its separation from the 
non-magnetic portion of the roasted concentrate. When, as is the case at 
East Poot, the collective concentrate contains iron, magnetic separation of 
wolframite from the iron is difficult or impossible. At East Poo the dif- 
ficulty is overcome by leaching out the iron oxide with sulphuric acid. 

Glenorchy Scheelite Mine Co. Fig. 127. (113 P 136.) 


Mine 
Trommel, 0.5-in. rd. holes 
(+) +) Wilfley table 5 stamps, 20-mesh screens 
' : i 
Breaker ’ Ji ie C Amal!gamating plates 
Trommel, 0.5-and 0.25-in. rd. holes 7 H(a) Gate im r Amalgam 
+0.5-in. -0.5-in.+0.25-in.  () ¢ Wilfley table sae ee 
Rolls Cc T 


dig Alternatives de a ati 


Gate H(a) Pyritic — Non-pyritic ve ) Bs 
$ : Oryer 
(43 Roasting furnace Bays 


a, 20-mesh. b. 70 per cent. WOs3. 
Fre. 127.—Glenorchy Scheelite Mine Co. 
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Location: Glenorchy, New Zealand. i 
Ore: Scheelite with pyrite, arsenopyrite and gold in quartz veins in hard, crystalline 
schist. 


Assay: concentrate, 70 per cent. WO3. 
Recovery: 7.1 per cent. of feed as WO3. 
Cost (1907 to 1914 aver.): $1.10 per ton milled. 


Summary. Gravity concentration by jigs and tables, beginning at 0.5-in. 
Harder part of feed and jig middling re-ground to 20-mesh and concentrated 
(rougher-cleaner routing) on tables. Roasting is practiced to convert pyrite 
to porous iron oxide and thus lower its effective specific weight and render 
it separable from the scheelite by gravity (table) concentration. 


At another New Zraxanp mill pyritic scheelite concentrate is given a flash roast only 
and the now permeable pyrite particles are separated magnetically. 


Tungsten Mines Co. Fig. 128. (Q.) 


300-ton bin (c) 
1@WNo. 5 gyratory | ‘crusher, set 2-in. (a) 
1 @ 18-in, inclined-belt conveyor (b) 


150-ton, bin (d) 
1 @ 24-in. inelined belt conveyor (e) 
7 @ 40x15-in. rolls, set 0.75-in. (f) 
7 @ 3x3-ft. Colorado impact sereen, 0.32-in. 8q. aperture (9) 


(+) = 
7 @ 40x15-in. rolls, set 0.19-in. (f) — ~ ve 


7 @ 18-in, belt-buchet elevator 
1 @ 3x8-ft. Colorado impact screen, 0.32-in. sq. aperture (g) 
a SE ES 
(+) (>) 


— 
3 @ 3x3-ft. Colorado impact screens, 0.12-in. sq. aperture (q) 
: ches ioe 
7 @ 30s14-in. and 1 @ 24x14-in. rolls, set close ( f) 


1 @ 30-in. x3-ft. (long) conical trommel, 0.19-in, rd. hole 
@) bie 


r Sampler 
Splitter Ps per gamer * : 
4 Isbell tables ore Sample 
T M Rough cone. 
, 


1 @ 1-spigot hydraulic classifier 
| SS ee ey | 


i 

1 Deister-Overstrom table (k) 1 /sbell table 
eg a Tee | en ee ae | 
Sand 


T M M T Cc 
1 @ 6-in. belt-bucket elevator, 


lIN- 


1 @ 4-in. centrifugal pump 
1 de-sliming tank 


Spigot Overflow 3 @ 6-ft. and 4 @ 8-ft. Callow cones 
1 @ 2-spigot hydraulic classifier Spigot MDG 
ea uy aOR i ime tables (No. 3) Pum 
Querfio 2 Deister slime ta p 
’ ee 4 bi ie table poe and 3 Isbell vanners Mill- Mill-supply' tank tank 
ilfley table ilfley 
(aeons, eras | Ce ee 


Rough cone. 
7 @ §-in. belt-bucket elevator 
7 Isbell vanner 


IIm 


A 


i 3, Table 15. 6, 23 ft. long; slope, +4 in. per ft.; 60 ft. per min; 20-in. 
a ea 5-ply belt. c, Flat-bottom. Live capacity, 100 tons. of Flat-bot- 
tom. Live capacity, 70 tons, center-bottom draw. e, 19 ft. long, slope, +3.25 Z per ft.; 
12 ft. per min.; 20-in. head and tail pulleys; 5- ply belt. # See Sec. 3, Table 22. g, See 
Sec. 5, Table 34. k, See Sec. 10, Art. 19. 


Fic, 128.—Tungsten Mines Co. 
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Location: Bishop, Cal. 

Ore: Scheelite in a gangue principally (90 per cent.) garnetite with small amounts of 
epidote, tremolite, calcite, etc. 

Capacity: Aver., 240 tons per 24 hr.; max., 350 tons. 

Assays, per cent. WO3: Feed, 0.4; concentrate, 62; tailing, 0.09. 

Recevery: 65 to 71 per cent. 

Ratio of concentration: 200: 1. 

Labor: 16 tons per man-shift, operating; 60 tons per man-shift on repairs. 

Water: 6 to 6.5 tons per ton milled. 

Running time, 70 per cent. of possible: High delay due to repairs caused by abrasive 
character of ore. 7 

Distances: Mine to mill, 2500 it., mule tramming; mill to market, 13 miles to railroad, 
thence to eastern U. §.; water transported 2 miles by open ditch and gravity pipe line; 
power transmitted 4 miles at 33,000 volts. 

General: Slightly sloping mill site. 


Summary. Gravity concentration on tables and vanners after careful 
graded crushing to 0.12-in. Crusnine: Gyratory from 11- to 2-in.; rolls 
from 2- to 0.75-in., open circuit; rolls from 0.75- to 0.32-in., closed circuit; rolls 
from 0.32- to 0.19-in., closed cireuit. ConcENTRATION: Roughing unclassified 
pulp on shaking tables and cleaning rough concentrate and primary middling 
separately on shaking tables. Primary-table tailing de-slimed, sand rejected, 
slime joined with primary-cleaner tailing, classified, the sands treated on Wilfley 
tables and the slimes on Deister slimers and vanners. Slime concentrate 
cleaned on a vanner. 


S. and M. mine. Fig. 129. (120 P 229.) 
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considerable, Neither contains much gangue. 


Fig, 129.—S. and M. mine, 
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Location: Monia, Tasmania. 

Ore: Cassiterite, wolframite, scheelite, bismuthinite, bismutite and pyrite in quartz 
gangue with some fluorite, mica and topaz. The quartz is very friable and the economic 
minerals occur in coarse grains and patches so that 0.5-in. crushing frees most of the values. 

Capacity: 100 tons per 24 hr. 

Assays of concentrate: ‘‘Firsts’’ (see note on flow-sheet)—Sn, 35 per cent.; WO3, 35 
- per cent.; Bi, 2.5 percent. ‘‘Seconds’’—Sn, 12 per cent; WO3, 10 per cent.; Bi, 3.5 per cent. 
General: Mill 18 miles from railroad. Concentrate shipped to Launceston. 


Summary. Gravity concentration by jigs, tables and vanners after careful 
sizing and classification. Hand sorting and magnetic concentration to 
separate the collective concentrate thus obtained. 

Burma Queensland Corporation. Fig. 130. (123 P 821.) 


Location: Wolfram, N. Q., Australia. 

Ore: Molybdenite, wolframite, metallic bismuth, bismuthinite, bismutite and a little 
scheclite, in quartz and granite. The economic minerals occur in coarse grains and patches. 

Capacity: 110 to 120 tons per 24 hr. 

Assays: See Table 88. 


Table 88. Assays of intermediate and final products, Burma Queensland Corp. 


REfhr Assay, per cent. 

ence Product | 

letter wo; | Bi MoS, 
b Primary-table concentrate... 2.22.2 cece - cue 30-45 aot | peal (iC eR 
c Primary-table middling.................... S100 ceeieete 5 

Primarystable tatlingy cir ssete b ee ee Gl —Oi.13: tia.) recess oy] es 

e Secondary-table concentrate............... 25-40 esd JW Ota) eal aA Sa 
of Primary-vanner concentrate............-.-- 15-25 | Cotati in Zep 
a Codrse flotation concentrate...........00.025) cseesees ee ere Sa 85-94 
J Hitler HOtAtlon: COMCEDLLALEC 3% AER ops p aaccclicgrutee’ oe IN Late Pye rie ee ob 80-85 


Summary. Gravity concentration to make a collective tungsten-bismuth 
concentrate followed by magnetic concentration to separate tungsten from 
bismuth. Gravity tailing floated, yielding molybdenum concentrate and 
final tailing. Crusnina: Two-stage reduction in jaw crushers followed by 
gravity stamps to reduce pulp to 8-mesh. Pans used to re-grind primary- 
table middling. Plus-12-mesh gravity concentrate ground through 12-mesh 
for magnetic separation. No other grinding. Concrnrravion starts on 
8-mesh pulp, which is classified to an excessive degree in preparation for 
shaking-table, vanner, frame and buddle treatment. Flotation feed (gravity- 
concentration tailing) is —8-mesh size. Magnetic-plant feed (gravity con- 
centrate) is —12-mesh and is treated in 3 sizes. An iron-wolfram reject from 
the magnetic machines is tabled to recover wolframite, 


The outstanding feature of the plant is the excessive number of settling boxes, entailing, 
as they do, great loss of head-room and, undoubtedly, much lost time in operation due to 
clogging of the spigot discharges. Modern practice would substitute mechanical classifiers 
or diaphragm cones for the sand-slime separation and Dorr thickeners for de-watering, thus 
greatly decreasing the number of such steps and simplifying the flow-sheet. 
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a, Wilfley and Buss types. 6,c,d,e,f,i,j, See Table 88. g, Cones 4.75 ft. diam., 
3.25 ft. deep. A, Box, 3 X 2-ft. X Gin. deep with S80-mesh cloth bottom. Dewatered 
oversize removed period cally. 


Fie. 130.—Burma Queensland Corporation. 
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33. Selling ores and mill products 


Some ores as mined contain sufficiently large quantities of valuable mineral 
per ton to make concentration unnecessary. Certain ores, notably those in 
which gold and silver are the only commercially valuable constituents, like- 


- wise are not subject to concentration. These ores and the concentrate 


produced in milling plants must be treated by some chemical process in order 
to obtain metals in a form useful in manufacturing and the arts. The gold 
and silver ores mentioned may be treated by the mining company, or, especially 
in case of small mines, may be sold to a custom milling plant. High-grade 
base-metal ores and mill concentrates are treated by smelting. Smelting 
plants usually buy the products that they treat, although occasionally con- 
tracts are made in which the smelting plant returns the metal recovered to 
the miner, making a charge for smelting. 

Custom mills are built and operated in the same fashion as company mills. They 
differ from company mills only in that the mill equipment must be fitted to treat ores of 
somewhat diverse character, while the ordinary company mill is built to handle a special ore. 

Methods of payment for gold and silver ores are simple. The ores are 
ordinarily shipped but short distances and are, consequently, all subject to 
substantially the same freight rate. In such case the custom mill makes a 
flat rate to cover freight and treatment and pays for the precious-metal 
content on the basis of agreed assays, less a flat rate covering freight and 
treatment, and of course, a certain profit on the transaction. Table 89 givesa 


Table 89. Milling rates on Cripple Creek ores, including freight charge. (Full assay 
value in gold paid for at $20 per ounce) 


Value of ore | Charge per ton Value of ore | Charge per ton 
per ton for treatment per ton for treatment 
Up to $10 $4.00 | $25 to $30 $6.50 
$10 to 15 5.00 | 30 to 40 7.00 
15 to 20 6.00 Over 40 8.00 
20 to 25 6.25 | 


typical schedule of custom-mill charges in the CrippLre Creek district of 
Colorado in 1914. The charge increases with increase in value of ore. This is 
done in order to stimulate mining of low-grade ores and thus maintain a 
reasonably continuous supply of ore to the mill. High-grade ore is made to 
pay a greater profit than low-grade ore in order that a reasonable average 
profit may be maintained. 

Smelters have a more complicated problem in the purchase of base-metal 
ores with or without a precious-metal content, consequently their schedules 
of charges and methods of payment are more complicated than is the case 
with custom mills. The smelter buys ores on the basis of the agreed assay, 
yaying for valuable metals contained therein at prices current in principal 
metal-market centers, either at date of purchase or at some agreed date there- 
after meant to be the probable date of sale, less a charge covering the cost of 
treatment and profit thereon. The treatment charge must include the cost 
of delivering ore to the smelter, sampling, smelting, freight on crude metal to 
the refinery, refining, selling, and a carrying charge on metal from the time 
of purchase to the time of disposal. Various methods of assessing these 
charges and the profit on operations are followed. In the case of some metals 
all is included in a treatment charge; in other cases a part only, namely, smelt- 


/ 
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ing, is included in the base treatment charge, the balance being taken care of 
in the price at which metal is paid for after certain deductions from the market 
price. Various methods are illustrated by examples on subsequent pages. 
‘All methods have as the fundamental basis of charge the cost of the various 
items above enumerated. 

Freight is easily determined by reference to published tariffs available to the shipper. 
Rates per ton are usually higher, the higher the grade of ore. The quantity shipped, when 
less than carload lots, affects the rate. The charge is based on the gross weight at the 
shipping point while the smelter pays for dry ore, hence the less moisture in the ore as 
shipped the less the charge for transportation of water against dry ore. Moisture may 
run as high as 30 per cent. on some products, notably flotation concentrate, and as low 
as 3 or 4 per cent. on hard non-porous ores. (See also Sec. 23.) 


Sampling.’ For discussion of methods see See. 21. Moisture samples 
should be taken as soon as possible after the ore is weighed in, especially if 
in open cars. Wetting after weighing in and before sampling results in a 
charge against the lot as weighed of too much moisture and hence operates 
against the shipper. Exposure to a hot dry atmosphere for a few days 
between weighing and sampling works similarly against the smelter. Sampling 
for chemical analysis should yield four final pulp samples; one for the smelter 
laboratory, one for the shipper, one for umpire, and one as an emergency 
reserve for either of the three. Spritrine trits between mine and smelter 
assays are given in Sec. 21, Art. 1. When umpiring is resorted to, the umpire’s 
results are usually taken when they lhe between the disputed results. The 
disputed result nearest the umpire’s is taken when the umpire’s result lies 
outside the disputed results. Analysis should determine not only the valuable 
metals but also constituents such as iron, lime, silica, magnesia, alumina and 
sulphur, wpon which the common bonuses and penalties are based, and also 
any other substances that are specified in special instances. Analyses to 
determine these constituents should be just as carefully done as those for 
the valuable metals, as the penalty or bonus may make an important difference 
in the value of the ore. Silica should be determined by fusion rather than as 
“insoluble,” as the latter is almost invariably high, as much as 15 to 20 per 
cent. with ores of high insoluble content and frequently 4 to 6 per cent. (TP 
83, USBM). It is sometimes insisted also that iron and lime be deter- 
mined by fusion. Ores that must be roasted and therefore crushed fine are 
usually sampled by machine, but those that are to be smelted in a blast 
furnace directly, such as oxide ores, are commonly sampled manually. The 
cost of sampling varies with the kind of ore and the method; it should rarely 
exceed $1.00 per ton and averages near $0.50 per ton with wages for common 
labor at $4.00 per day. 


Smelting is a chemical process in which reactions between various constituents present 
are brought about in a molten mass under the influence of heat. The method of smelting 
differs with the principal base-metal constituent of ore. When this is trap, the process 
consists essentially in mixing together a charge of such composition that when melted the 
worthless minerals will combine together to form a complex silicate principally of iron 
and calcium, called stac, while metallic lead is freed and settles to the MottGn of the molter 
mass, carrying with it in solution any precious metals present. If coprrr is also present 
it, together with some iron, combines with sulphur, forming an artificial copper-iron sulphide 
called MATTE, that also settles out and comes to rest in the furnace between the lead and the 
slag. The various products are drawn from the furnace separately slag is run to waste 
lead is cast as crude lead, which must be refined in order to wake 3 iharketable and t« 
recover the precious-metal contents, and the matte is further treated as described below 
to recover the copper and any precious metals present. In copPpER SMELTING a charge is 
similarly compounded to slag off the gangue and form matte that settles out, carr ing 
with it precious metals. Matte is treated in a converter, a large pot in which the hole! 
substance is subjected to air blown through in order to carry off sulphur in the form o 


a 


* 


“being a source of expense to the smelter must be paid for by th 
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sulphur dioxide and leave crude copper containing varying amounts of iron, precious 
metals, ete. This crude or “blister” copper is cast into ingots and sent to the refinery 
where it is purified electrolytically. In zinc sueurina the ore, after being roasted to 
drive off sulphur, is placed with carbonaceous material in a retort and heated. Zine is thus 
volatilized and passes into suitable collecting chambers, where it is condensed. 

_ Penalties and bonuses. It is necessary in lead and copper smelting that 
the slag be sufficiently fluid to allow the metal or matte to settle out freely 
and to permit easy withdrawal of slag from the furnace. In order to obtain 
the desired fluidity the silicate formed must be of a particular composition. 
The basic smelter charge is founded upon the cost of smelting a charge of such 
composition and includes fuel, labor and all overhead costs. If the ore to be 
treated is not of the desired composition, it is necessary to make up any 
deficiency. In districts where the majority of the ores sent to the smelter 
are silicious, iron or lime, or both, must be added. In order to cover the 
cost of addition of such substances, a penalty is imposed for silica present in 
the ore bought. If, on the other hand, the prevailing ores of the district 
are calcitic or ferruginous, then silica must be added and iron and lime are 
penalized to make up the cost of such addition. When silica is penalized 
iron and lime are usually granted a corresponding bonus; silica is given the 
bonus when iron and lime are penalized. Penalties and bonuses are quoted 
at so much per unit. A UNIT is one per cent. or 20 lb. per ton (22.4 lb, per 
long ton). Smica peNaLtTy ranges from 10¢ to 15¢ per unit for all excess 
over a stated amount, which should be that required for a self-fluxing charge; 
IRON BONUS ranges from 5¢ to 10¢ per unit in excess. A bonus is not ordinarily 
paid for ume, but should be, especially when silica is penalized. One part 
of iron or lime fluxes one part of silica in copper smelting; in lead smelting, 
two parts iron and lime are required for one part silica. Hence in copper 
smelting the bonus for iron and lime should be equal to the silica penalty and 
vice versa. In lead smelting there is justification in a silica penalty higher 
than the iron or lime bonus. When silicious ores are wanted at a smelter a 
FLAT RATE may be made for their treatment in place of allowing a bonus for 
silica. In this case the charge usually increases with the grade of ore, as is 
the case at custom mills, and for the same reason. Table 90 shows such a 


Table 90. Flat schedule for silicious ores in Colorado district (1914) 


Value of ore | Charge perton|| Value of ore | Charge per ton 
per ton for treatment per ton for treatment 
$14 and less $5.00 || $35 to $40 $8.00 
14 to $20 6.00 | 40 to 45 8.50 
20 to 25 6.50 45 to 50 9.00 
25 to 30 7.00 50 and more 10.00 
30 to 35 7.50 


schedule. In lead smelting, the formation of any considerable amount of 
matte is undesirable and consequently it is necessary to roast sulphide ores 
prior to their introduction into the smelting furnace. For this reason sulphur, 
e ore seller 
and is usually charged in the form of a penalty for sulphur. — The usual 
contract penalizes SULPHUR in excess of 2 or & per cent., ordinarily at a ie 
of 15 to 25¢ per unit. Sulphur is not penalized in copper smelting, ped a 
it is desirable. Z1vc, in lead and copper ores, causes slag to be thick an 
viscous, thus increasing metal losses therein and lowering furnace capacity. 
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It also causes fumes that foul the furnace walls, and, by volatilization, causes 
losses of other metals. For this reason, zinc over a certain amount is fre- 
quently penalized. Various forms of contract covering zinc in lead and 
copper ores are as follows: Penalty, 30¢ to 50¢ per unit for all excess above 
10 per cent. (7P 83, USBM). Eight per cent. free, excess penalized at 30¢ 
per unit. Twelve per cent. free, excess penalized at 30¢ per unit (85 J 992 
[1908}). The limit may run as low as 5 per cent. and the penalty as low as 
15¢ per unit. ArsEntc is decidedly undesirable in lead smelting and for that 
reason all over 1 per cent. is commonly penalized; ANTIMONY, BISMUTH -and 
TIN are also objectionable; the penalty for these four combined may run as 
high as $1 per unit for the excess over 0.5 per cent. An arsenic penalty is 
less frequently imposed in copper smelting. Iron is highly undesirable in zine 
smelting; more than 10 per cent. makes the ore substantially unfit for treat- 
ment. The PENALTY FOR IRON is normally imposed by setting a certain 
price for zine ore of a given zine content and penalizing it so much per 
unit for each unit below standard. In such cases a corresponding bonus is 
ordinarily given for each unit of zinc above standard. 

Basic smelting costs. Walker (Peele) states that basic smelting costs as 
of 1926 for large plants are $3 to $5 per ton of charge in lead smelting and 
$2 to $3 in copper smelting. 

The following are base charges for LEAD SMELTING taken from various 
contracts (85 J 992 [1908]); (a) $7.50 per ton for all ores; (b) $7.50 per ton 
for ores carrying less than 25 per cent. lead, $7 per ton from 25 to 30 per cent. 
lead, $6.50 per ton for ores carrying more than 30 per cent.; (c) $8 per ton 
for ores carrying less than 30 per cent. of lead and $6 per ton for ores carrying 
30 per cent. or more; (d) as in Table 91. These figures should be increased 
30 to 50 per cent. for 1926. Usually the smelting cost per ton decreases with 
increase in grade, because there is less gangue to be slagged off in the higher- 
grade ores, hence less fuel need be used per pound of metal produced; furnace 
capacity is higher so that labor cost and overhead per pound of metal pro- 
duced are lower. 


Table 91. Schedule of treatment charges on lead ores 


Pate Treatment charge, dollars per ton 
os ae & Contract A Contract B 
5 to 10 Cees 9.00 
10 to 15 6.00 8.00 
15 to 20 5.00 7.00 
20 to 25 4.00 6.00 
25 to 30 3.00 5.00 
30 to 35 220 4.00 
35 to 40 1.35 3.00 
40 to 45 0.50 2.00 
Over 45 0.00 1.00 
45 to 50 0.00 eb 
50 to 55 Bonus 0.75 
Over 55 Bonus 1.25 


A common basic charge for copPER oRES is $4 to $4.50 per ton. 

Freight on crude metal, refining, and selling are usually taken care of in 
smelter contracts by deductions from the price per pound paid for metal. 
The costs (1926) of these various operations, according to Walker (Peele) are: 
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for refining lead, $8 to $12 per ton of bullion; for converting copper matte, 
about $10 per ton of blister copper produced; for refining copper, $15 to $23 
pa ton of bullion. The usual deduction in copper contracts is 3¢ per lb. 
from the New York quotation for electrolytic copper. Similarly from 1 to 
14¢ per lb. is deducted from the lead price. 

Losses include metal in slags, either as shot or combined, and losses by 
volatilization. Walker gives the following metal losses in smelting and 
refining; lead, 4 to 15 per cent., depending upon the grade of ore and its 
refractoriness; the lower limit is for a charge carrying about 40 per cent. lead; 
the higher, for one carrying 10 to 12 per cent. lead. Copper loss sometimes 
reaches 30 per cent. in lead smelting. In smelting copper ore the loss varies 
with the percentage of copper, but is always much less than the loss of lead in 
lead smelting. Silver loss is normally not over 2 to 5 per cent. Gold loss is 
not generally considered. 


Fulton (7. P. 83, USBM) gives the following actual losses based on studies of 
smelter performances. In LEAD SMELTING: lead, 5 to 20 per cent. of contents, the low 
figure on a high-lead charge, 30 to 35 per cent. or upwards, and containing but a small 
amount of roasted material; the higher, on a charge containing less than 10 per cent. lead 
or a large amount of roasted material. Normal loss with a charge containing 10 to 15 per 
cent. lead is 8 to 11 per cent. Copper, 114 to 4 lb. per ton of charge. Silver, 1.5 per cent. 
loss to 1.75 per cent. gain. The gain is, of course, apparent only, and follows from the 
practice of charging the smelter with silver only in those ores containing more than a certain 
minimum amount. Gold, 0.3 per cent. loss to 4.5 per cent. gain. The gain here also is 
apparent only and arises from the same reason as given for apparent gain in silver. In 
COPPER SMELTING: copper, 3 to 11 1b. per ton of ore smelted or 5 to 15 per cent. on the copper 
present, the higher figure on the lower grade ore. Silver, 0.5 to 10 per cent. of contents. 
Gold, 1.5 per cent. loss to 4 per cent. gain. Barbour (92 J 314) states that the silver loss 
in good lead smelting should not exceed 3 per cent. He says the usual zinc loss in zinc 
SMELTING is about 12.5 per cent. 

Lead losses are sometimes taken care of, wholly or in part, by basing payment for lead 
on a fire assay. This practice is based on the assumption that fire assaying is smelting on 
a small scale and recovers the same amount of lead that will be recovered in the furnace. 
The fire assay for lead runs about 0.5 to 1 per cent. below the wet assay unless such metals 
as zinc, copper, antimony, bismuth or arsenic are present, in which case fire assay man 
run high. To cover this contingency some contracts call for wet analysis of the button 
obtained by fire assay and base lead payment on the assay thus obtained. Common 
practice at present is to make wet analysis and deduct therefrom 1 to 1.5 per cent., calling 
this DRY ASSAY Or FIRE ASSAY and use it as basis for settlement. On the basis of a 10-per 
cent. loss of lead in smelting a 1.5-per cent. deduction from the wet assay more than covers 
the loss on ores carrying less than 15 per cent. lead but does not cover with higher-grade 
ores. However, the loss on higher-grade ores is a smaller percentage of the total lead 
present and it is probable, therefore, that a deduction of 1.5 per cent. from the wet assay 
more than covers loss in all cases of gold lead-smelting practice. Lead losses are further 
taken care of by paying for less than the whole amount of lead determined by either method 
of assay as, for instance, by paying for 90 per cent. of the lead determined by dry assay. 
Further, the deduction from the market price is oftentimes made greater than the cost 
of freight on crude metal, refining, and selling, in order to further insure the smelter against 
losses. 

Copper losses are similarly taken care of, although the use of the dry assay is less common 
than with lead. ‘‘Dry copper’’ means from 0.75 to 1.5 per cent. less than the wet assay. 

Gold and silver losses are provided for by deducting up to 5 per cent. of the assay 
value for gold and 5 to 10 per cent. for silver, or by paying less than the full price for all 
of the metal present, or both. 

Value of ore is stated in some monetary unit per unit of weight. In the United States 
the respective units are dollars and short tons; in most British possessions shillings and long 
tons; in certain Latin countries, the metric ton may be used with the local monetary unit. 
Locally almost any system of stating value may be met. Value is determined by multiply- 
ing together units of weight of valuable material per ton by price per unit of weight at some 
accepted market center, usually New York, and deducting from the product thus obtained 
the cost of producing refined metal from a ton of ore and the price of the valuable material 
lost in the operation. Manrxer prices of metals vary widely. Ranges and averages are 
given in this section. The unit of weight for precious metals in the United States is the 
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troy ounce; in other countries pennyweight, grain, or gram may be used. English-speaking 
countries use pound or ton as the unit for base metals; countries using metric system employ 
metric units. 


Payment for metals 


Gold is usually paid for at from $19 to $20 per oz. for all gold, if 
in excess of some certain minimum, usually, from 0.02 to 0.05 oz. per ton. 
Oftentimes the contract calls for payment for only the excess of gold over the 
minimum. The price may vary according to the amount present, thus 
$19 per oz. may be paid for all of the gold or the excess over the minimum 
amount, if the total amount is less than 0.25 oz.; $19.50 if the total amount 
is between 0.25 and, say, 1 oz.; and $20 per oz., if the total present is more 
than 1 oz. 

Silver. The usual form of contract is to pay for all silver at 95 per cent. of 
New York quotation at some date ranging from the time of purchase to, say, 
3 or 4 months thereafter. The assumption is, in case of deferred payment, 
that the smelter does not then have to gamble on the price of metal at the 
time that it is sold and that consequently the price paid to the shipper, or the 
amount of metal paid for, or the treatment charge, can be so adjusted as to 
repay the shipper for taking the risk of price fluctuation. Another common 
form of contract is to pay for 90 to 95 per cent. of silver present at 90 to 95 
per cent. of the New York quotation at the date agreed upon. Of course, in 
this form of contract, the smelter is more liberally insured against losses 
and more liberally paid for recovery of silver than in the first form of contract. 
If such a contract is made, a corresponding advantage should accrue to the 
shipper in some other part of the contract. 

Lead. Three methods are followed in paying for lead. 

Merruop No. 1. Payment is made on the basis of the wet assay less 1 
to 1.5 per cent. at certain prices per unit arrived at by the following method. 
First, a certain base price per unit, varying with the metal content and with 
& QUOTATION is set. 

Quotation is 90 per cent. of New York price when this is $4 per 100 Ib. of lead or less 
If the New York price is between $4 and $4.50, the quotation is 90 per cent. of $4 plus one- 
half of the excess of price over $4. If New York price exceeds $4.50, the quotation is 90 per 
cent. of $4 plus half of the excess between $4 and $4.50 plus all of the excess over $4.50. 


Table 92 presents a set of prices based on a quotation of $4 per 100 Ib. of lead. For each 
change of 5¢ in quotation a corresponding change of 1¢ is made in the price per unit. 


Table 92. Unit prices for lead on ‘‘Quotation”’ of $4 per 100 Ibs. 


Lead content of price Lead content of pide 
ore, dry basis, ‘ ore, dry basis, ‘ 
cuuesed per unit (a) ea per unit (a) 
5 to 10 $0.35 25 to 30 $0.49 
10 to 15 0.40 30 to 35 0.51 
15 to 20 0.45 Over 35 0.51 
20 to 25 0.47 


a Unit equals 1 per cent., or 20 lbs. per ton. 


Example: Ore contains 40 per cent. lead by wet assay and New York price is $4.40 per 
100 lb. Quotation is 0.90 X ($4) plus 0.5 X ($4.40 — $4) = $3.80. This is 20¢ below 
the quotation on which Table 92 is based, hence 4¢ must be deducted from the price per unit 
in the table, corresponding to a dry assay of 38.5 per cent. The price paid per unit is 
therefore, 47¢. The lead paid for is 770 lb. per ton. The price paid per ton is (770/20) x 
0.47 = $18.09. Ona New York price of $5, the quotation would be 0.90 X ($4) + 0.5 x 
($4.50 — $4) + 0.50 = $4.35; the price per unit would be $0.58, and price per ton $22.33. 
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Mernop No. 2. Payment is usually for 90 per cent. of the fire assay at 
from 1¢ to 1.5¢ per lb. off New York price, usually the higher figure if the 
ore carries 5 to 25 per cent. lead and 1.25¢ if the ore carries over 25 per cent. 
lead. Less than 5 per cent. of lead is not paid for. In some cases as much 
as 1.75¢ is deducted from New York price. 

Meruop No. 3. Payment for 90 per cent. of fire assay at from 90 to 95 
per cent. of New York price. Less than 5 per cent. of lead is not paid for. 


Bonvs FOR LEAD may be allowed on ores carrying less than 5 per cent. This bonus is 
usually at the same rate as that for iron, but may run up to 15¢ per unit where iron pays 
only 10¢ per unit. 

In some cases a fixed price is set for lead equivalent to a deduction of from 1.5¢ to 2¢ 
per lb. from the probable average New York price over the term of the contract. This, 
of course, puts the burden of fluctuation in lead prices on the smelter and the deduction 
from the prob?ble market price is, therefore, greater than would be the case, if the risk of 
fluctuation were carried by the seller. Such a method of payment is rarely introduced 
into large concracts, but is used with small shippers who desire to know definitely at time 
of sale what the receipts from the shipment will be. 


Lead schedules. The following schedules are typical: 


Schedule No. 1. Allow: Gold, if 0.1 oz. or over, $19 per oz. for full assay; silver, 
if 1.5 oz. or over, 95 per cent. at New York quotation on date of assay; lead, if 5 per cent., 
50¢ per unit on quotation of $4 per 100 lb. with variation of 1¢ per unit for every 5¢ change in 
quotation. (This is method No. 1 above); iron, pay for all at 4¢ per unit; lime, pay for all 
CaO at 6¢ per unit, if over 5 per cent., except that lime combined with fluorine is not paid 
for. Deduct: all insoluble at 10¢ per unit; sulphur, 1 per cent. free, excess at 50¢ per unit; 
arsenic, antimony and bismuth, if a total of 3 per cent. or over is contained, all at 50¢ per 
unit. Base charge, if 5 per cent. of lead or under, $5 per ton of 2000 Ib.; if over 5 per cent. 
lead, deduct 10¢ per unit for each unit of lead in excess. Sampling, free on lots over two 
tons; $3 per lot, if under 2 tons. Add $1.50 per ton for concentrates or ores requiring 
briguetting. Moisture, 1 per cent. minimum in all cases (Mines and Methods, Nov., 1909). 

Schedule No. 2. Utah, in the neighborhood of Sarr Lake. Pay for all gold at $19 
per oz. and all silver at 95 per cent. of New York price at date of assay. Pay for 90 per cent. 
of lead by fire assay, at New York price less 1.25¢. Pay for iron at 10¢ per unit and impose 
a penalty on silica of 12¢ per unit. Treatment charge, $2.50 per ton for 30-per cent. lead 
ore with a credit of 5¢ per unit for each unit of lead in excess and a penalty of 8¢ per unit 
for each unit deficit (92 J 314). 

Schedule No. 3. Lerap-sitver ore. Pay for 85 per cent. of lead on fire assay at 85 
per cent. of New York price, if New York price is $4 or less; if more than $4, pay 85 per 
cent. of $4 plus one-third of difference between $4 and New York price. Pay for 95 per cent. 
of silver at 95 per cent. of New York price. Treatment charge, including freight, for ore 
containing 45 per cent. lead, $10, with 10¢ per unit penalty for lower lead content and 
corresponding bonus for excess. 

Schedule No. 4. Trai, B.C. Base, $8.50 to $9.50 per ton for 70 per cent. lead ore 
plus 10¢ for each unit under 70 to a maximum of $10.50 to $11.50. The lower rate is the 
contract rate and the higher, the open rate. Lead, if over 5 per cent.,is paid for on the 
basis of 90 per cent. of fire assay at the London price less 1¢. 95 per cent. of gold is paid 
for at $20 per oz. All silver is paid for at 95 per cent. of New York quotation (92 J 314 
[1911]) 

Schedule No. 5. Pay for 90 per cent. of lead at St. Louis price less a treatment charge 
of $6 to $8 per ton of ore (92 J 314 [1911)). 

Schedule No. 6. NeruTRAL SCHEDULE, used chiefly in Cororavo. Gold, $19.50 per oz., 
if 0.05 oz. or over per ton. Silver, 95 per cent. of contents at New York quotation, date 
of assay. Lead (dry), as in No. 7, prices based on ‘‘quotation”’ of $4. Copper: for dry 
copper (1.5 per cent. off wet), at 6¢ off per lb. on Western Union quotation for casting 
copper. Zinc, 10 per cent. allowed; 50¢ penalty per unit for zinc in excess of 10 per cent. 
Silica penalty, 10¢ per unit; iron bonus, 10¢ per unit. 

Schedule No. 7. NervuTrrRAL SCHEDULE used in Urau. Credits: Gold, $19 per oz. if 
the product contains 0.03 oz. or over per ton. Silver, 95 per cent. of contents, at New 
York quotation, date of assay. Copper, as per wet assay, less 1 per cent. or unit, at the 
price for cathode copper quoted in the Engineering and Mining Journal-Press, issue of the 
week previous to date of receipt, less 5¢ per Ib. Lead, 90 per cent. of contents (dry assay) 
to be paid for at the quotation in the Engineering and Mining Journal-Press, issue of week 
previous to date of arrival, less 1.25¢ per lb. Iron, paid for at 10¢ per unit. Charges: 
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Insoluble, 12¢ penalty per unit. Zinc, 10 per cent. allowed free; excess at 30¢ per unit 
penalty. Speiss (arsenic), 10 per cent. allowed free; excess at 20¢ per unit. Sulphur, 25¢ 
penalty per unit; maximum penalty imposed, $2.50 per ton. Treatment charge, $2 per 
ton, based on an ore carrying 30 per cent. lead; for each unit of lead above 30, a credit of 5¢ 
to be allowed; for each unit of lead below 30, a charge of 8¢ to be made. 

Schedule No. 8. Friar scHepULE. Payment made on metals as in Table 93. 


Table 93. Flat schedule for lead in lead ores and lead-copper ores 


Lead Value Smelting Lead Value | Smelting 
content, per charge, content, per charge, 
per cent. unit per ton per cent. unit | pert on (a) 

f 

5to 10 | $0.40 $10.00 35 to 40 | $0.52 $2.00 
10 to 15 0.43 8.50 40 to 45 0.52 1.00 
15 to 20 0.45 7.00 45 to 50 0.53 1.00 
20 to 25 0.47 5.50 50 to 55 0.54 1.00 
25 to 30 0.49 4.50 Over 55 | 0.55 1.00 
30 to 35 0.51 3.50 | | 

|| 


a For concentrate containing more than 30 per cent. lead, apply flat schedule, as above, 
or neutral schedule, Table 95, whichever will give a larger return to the shipper, except 
that a gold content of 0.05 ounce to 2 ounces is at $19 and a content of more than 2 ounces 
at $19.50. 


Schedule No. 9. For LEAD CONCENTRATE. Gold, $19 per oz. when gold content is 
0.05 to 2 oz. per ton; when content is more than 2 oz., $19.50 per ton. Silver and copper, 
as in neutral schedule, Table 94. Lead, as in Table 95, prices based on ‘‘quotation”’ of $4. 
Silica, limit, 10 per cent.; 10¢ penalty for each unit in excess of 10 per cent. Zinc, limit, 
10 per cent.; 50¢ penalty for each unit in excess of 10 per cent. 


Table 94. Neutral schedule for lead in lead ores and lead-copper ores 
Lead Value | Smelting Lead | Value Smelting 
content, per charge content, per charge, 
per cent. unit |perton(@) || percent. | unit | per ton (a) 
|. | i |. 
5to10 | $0.40 | $6.00 || 35to 40 | $0.52 $1.50 
10 to 15 0.43 5.00 | 40 to 45 0.52 1.00 
15 to 20 0.45 4.00 45 to 50 0.58 1.00 
20 to 25 0.47 3.00 50 to 55 0.54 1.00 
25 to 30 0.49 3.00 Over 55 0.55 1 007 (ay 
30 to 35 0.51 2.00 
| | | 


a Includes freight charge from a certain district in 
distance from the smelter. 


Colorado, a comparatively short 


Table 95, Schedule for lead in lead concentrate 

Lead Value Smelting Lead | Value | Smelting 
content, per charge, content, | per charge, 
per cent. unit per ton per cent. | unit per ton 

5tol0 | $0.40 | $3.75 20 to 25 | $0.47 | $2.25 
10 to 15a} 0.43 3.00 25 to 30 0.49 2.25 
15 to 20 0.45 421.50 | | 

| 


a More than 10 per cent. 


Copper schedules. Payment is made on the basis of the wet assay less 
from 1 to 1.5 per cent. at prices representing certain deductions from New 
York prices for refined copper. New York quotations are for three grades: 
electrolytic copper, as ingots or wire bars; cathode copper, which is electrolytic 
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copper not re-melted into ingot form; and casting copper, which is not elec- 
trolytically refined. Cathode copper sells at about 0.1¢ less and casting copper 
at about 0.2¢ less per lb. than ingot copper. The usual smelter deductions 


Table 96. Smelter deductions from market prices for copper 


| 
Kind of ore OEP EE Deductions per pound 
{ 1.5to5 6 cents off casting-copper quotation 
Lead ore containing copper...|/ 5 to 10 5 cents off casting-copper quotation 
More than 10) 4 cents off casting-copper quotation 
11.5 tod 5 cents off electrolytic-copper quotation 
|; 5 to 10 | 41% cents off electrolytic-copper quotation 
REO PDELOFES: 5 oisic vec eee eos oes { 10 to 20 | + cents off electrolytic-copper quotation 
20 to 30 31% cents of electrolytic-copper quotation 
| More than 30) 3 cents off electrolytic-copper quotation 


a Dry copper content represents content as determined by wet analysis less 1.5 per cent. 


from the price paid for copper in lead and copper ores are shown in Table 96 
(TP 83, USBM). The following are typical schedules. 


Schedule No.1. Uraucontract. Pay for all copper shown by wet assay less 1 per cent. 
at New York quotation for electrolytic wire bars less 2.5¢. 1 per cent. off selling price for 
selling. Base charge, $2.30 per ton of ore. Silica penalty, 12¢ per unit. Iron bonus, 
10¢ per unit. Freight charge, on sliding scale (this is for camps in the region surrounding the 
smelter) as follows: Net value of ore after all deductions under $10, $1.75 per ton; $10 to $20, 
$2 per ton; $20 to $30, $2.50 per ton (92 J 314 [1911)). 

Schedule No. 2. Schedule on copper ores containing gold and silver: NEUTRAL SCHED- 
utr. Credits: Gold, $19 per oz. if product contains 0.03 oz. or over per ton. Silver, 
95 per cent. of contents at New York quotation, date of assay. Copper, as per wet assay, 
less 1 per cent. or unit, at price for cathode copper quoted in Engineering and Mining Journal- 
Press, issue of week previous to date of receipt, less 2.5¢ per lb. Iron, paid for at 10¢ per 
unit. Charges: Insoluble, 10¢ penalty per unit. Zinc, 10 per cent. allowed free; excess at 
25¢ per unit. Speiss (arsenic), 10 per cent. allowed free; excess at 25¢ per unit. Treat- 
taent charge, $3 per ton. 

Table 97 summarizes copper-smelting coutracts at various North American smelters. 


Zinc Schedules. (92 J 314 [1911]) Middle West zinc ores are usually 
bought outright by smelters and ore buyers on a base price for 60-per cent. 
sulphide ore or 30-per cent. carbonate ore with a penalty of $1 for each per 
cent. below the base and a bonus of the same amount for each per cent. 
above. In some cases a penalty is imposed for iron and in some also for 
lead. The iron penalty may run as high as $1 for each unit in excess of one. 
Lime also is sometimes penalized. Wisconsin carbonate zinc-ores, which are 
sold on a base of 30 per cent. zinc, carry a premium of 65¢ per unit in 
excess. Base prices are quoted in mining journals weekly. 


Sliding scale for zinc has been tried, but was not favored by the miners. It was based 
on a price per ton of blende containing 60 per cent. zinc, less than 2 per cent. iron and 5 
per cent. lead, of $37 to $41 per ton with spelter at 5¢ at St. Louis. A penalty of $1 per 
unit of zinc was imposed ‘or each unit under 60 and a corresponding bonus allowed for 
each unit in excess of 60. The base price increased or decreased $8.50 per ton, respectively, 
with each corresponding difference of 1¢ in price of spelter (92 J 314). 

European zinc-ore purchases are made by a formula y = 0.95 P(T — 8)/100 — R, 
where V = the value per ton in any monetary unit, P = price of spelter at London in 
the same unit, 7 = units of zinc, and R = treatment charge in the monetary unit adopted. 

Australian zinc ore. At Broken Hrwv zinc ores are penalized if they contain less 
than 5 per cent. of lead; nothing is paid for lead between 5 and 8 per cent.; a bonus is paid, 


if lead is in excess of 8 per cent, 
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Table 97. Summary of various 
Plant A B C D 

Goldyaarinks 2 $19 per oz. if All at $20 per 95% at $20 per $19 per oz. 
under 0.5 oz. per | oz. if over 0.5 oz. | oz. 
ton. per ton. 

$19.50 per oz. No payment 
if over 0.5 oz. per | for less than 0.5 
ton. OZ. = 

Silvercos ceo 90% at New 95% at New 90% at New 90% at New 
York quotation. | York quotation. | York quotation. | York quotation. 
No payment for 
less than one oz. 
per ton. 

Copper. 2: -2 Wet assay, Full electro- Wet assay, Dry assay or 
less 1.3 at Engi-| lytic assay less | less 1.3 at Engi- | electrolytic, less 
neering and Min-/| 15 lb. copper | neering and Min-| 1.3 at New York 
ing Journal| per ton of ore at | ing Journal quo-| quotation for 
electrolytic quo-| Engineering and | tation for elec- | electrolytic, less 
tation, less 4¢. Mining Journal | trolytic, less 3¢. | 3¢. 

electrolytic quo- 
tation less 3¢. 

Insoluble... .. Jans Oba DIG REO eck karen totic eaerehits lat sol | wantin tes Sete 3 
charge. 

SPE OB rei ye ac INOS Oe SON Go cian Bao ceei oh crtgn | Big ts eens ss, neg Tike Pe Sere ee 

NC aoa Ed ene Piet ENT xarett + Kester accry ad Vice ST's cleo lela T, Comet 

Arsenic, Anti- PAE ACT CONG ETUCN Crs come tconicns aeMesere, Syl) ies tac) catcher < cree gl eae ec 

mony and|antimonial ores 
bismuth... .| not received. 

Treatment $4 per dry ton. $4 per dry ton. $4 per tonif ore $2 per dry ton. 

charge..... does not exceed 
$50 in value, and 
25¢ per ton addi- 
tional for every 
$5 or fraction 
thereof increase 
in ore value. 

Briquetting... OD RIG ONG CU Ai Matt tee a oie te, 3.) || acetal «csc Oe | econ ee 
trates and fine 
ores $1 per ton. 


Nore. 


A, B, C are California smelteries. 


D is a British Columbia smeltery. 
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contracts. G2I 514) 


Tf one ounce or irhatnaad Gent GL ee ee ae 219 per ot. if 
419 per oz. 


for in quantitics 0.02 ox. per ton or 
less than 0.5 oz. over, 20 pay- 
for lees. 


nt, ae heel 
quotation, 


‘if one ounce 9° 
GveEr per ton. 


i or ee Wet assay, | Wet assay, / Wet assay, 
for WG, of | less 13, at New | | less 1.3, at New | less 1.0 at New 
full dry assay at Yorkquotations,| York quota-| York quota- 
quotation for | les 242 tions, for elee-| tions less 1%, 
leetrolytie | trolytic, lees... _| lees 2146 
we les 2¢. if ~Yo Cu. 

| 5¢#14t05 

414¢ if 540 10 

4¢ if 10 to 29 
Zi44 if 20 to 20 
3¢ if over 29 


Wet assay, lees 
0.35, at New York 
quotations for 
electrolytic 
cathode, las 234¢. 


Insoluble, all! Insoluble, all at 


10¢ per unit | A at 12¢ per unit |7¢ per unit pen- 
enalty. : penalty. _alty. 
All paid for at _ “Sk See eee mere meedicede vy Allpaidiorat| All paid for at 
3t per anit. : | 10¢ per unit. 7¢ per unit. 


DH over 37, all | a eweny i 


Sil | rarer csecned | ee Ahh aot, ct 3 


A etx] free, ex- If the siliea| .......... e@puALsse: SUS 
cess at Wd per | emcees ies Up to} | 
unit penalty. | 25%, $750; 25 | 
= Si es wee a ae Pe De, BB: 50 | 


On 32% cop- $1Z. A perdry | to 13%, £2.50: $2.20 per dry | Freight and 


t $3 base, de- | ton. | above 75%, $9. es treatment, $4.25 
c 10¢ per each | Tron-oxide ores pertondry weight 
unit of copper / containing cop- E (freight $2.00 per 
Contained in ex- per, $7. Allthese wet ton). 
ess of 3F,. per dry ton. 

$1.50 per ton| ............. led compe sete Es fob. Souted Feee - 
when any lot con- : 
Bins 259, pass- 
ng iZ-mesh. 
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Silver ores. Table 98 (92 J 364) gives special schedules for treatment of 
silver ores from the Cobalt district. These ores are high-grade and contain 
large amounts of cobalt, nickel and arsenic. The schedules are special sched- 
ules for this particular type of ore. Most silver in this country is recovered 
by amalgamation and cyanidation or as a by-product in smelting base-metal 
ores and concentrates. 


Table 98. Summary of schedules for Cobalt silver ores (92 J 364) 
’ | 
Balbach Smelting and | Pennsylvania Smelting Beer, Sondheimer 
Plant Refining Company Company | and Co. 

Sikver Soe &...: Pay for 93.5% at New 95% at New York; 94% at New York 
York quotation. quotation less 1¢ per oz. | quotation. 

| for refining. | 

Arsenic. ..... Penalty of 45¢ per (els. = eee gs eee eee 
unit in excess of 6. 

Insoluble. ... Penalty of 6¢ per unit pode Abbadon 38 20, bl. dent: be oe Ree 
in excess of iron. } 

Treatment | 

charge... . $4 per ton on ores con- $8 per ton. $30 per ton. 
| taining 1000 to 1500 oz. 
Ag. $20 when 1500 to 
2000 oz. $19 when over } 
2000 oz. | 
| 
Plant Canadian Copper Coniagas Reduction Delora Mining and 
Company Company Reduction Company 
' 
Rlvers ou. Pay at New York Pay at New York Pay for 98% at New 
quotation for quotation for York quotation, less 1¢ 
| per oz. for refining. 
Per cent. | When over} Per cent. | When over 
Ag oz. i Ag Oz. 
' 
75 100 «| 75 20 
84 200 S4 200 
86 300 86 300 
87 400 89 500 
89 500 91 750 
90 600 93 1000 
92 800 93.5 1500 
93 1000 94.5 2000 
93.25 1300 95 3000 
Rico | 1600 | 
94.5 2000 | 
94.75 3000 
| } 

Gobalti.o../: | Under 6%, no pay- | Under 6%, no pay- | Under 6%, no pay- 
ment. 6 toS%, pay $10) ment. 6 to S%, pay S¢ | ment. Over 6%, 10¢ 
pertonofore. 8to12%, | per lb. 8 to 10%, 10¢. | per lb. sacs } 
$20. Above 12%, $30. | Above 10%, 12¢. 

Treatment ieee 

GRATES... hi] coats det Sens Pook: $10 on ores containing $20 per ton. 
less than 100 oz., unless | 
| the ore contains 12% or 


over of nickel and cobalt. 


t 
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COARSE AND INTERMEDIATE CRUSHING 
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CRUSHING PLANTS 


1. Introduction 


Ore invariably comes from the mine in lumps that are large in comparison 
to those that are amenable to concentration of any kind other than hand 
sorting. Crushing is, therefore, a part of all flow-sheets. Further, since the 
method of crushing, at least in the larger sizes, has little or no effect on the 
character or performance of the subsequent mill processes, crushing flow-sheets 
may be studied without regard to the mineral content of the ore. 

The determining elements in every coarse-crushing flow-sheet are: (1) the 
nature of the material, especially as regards hardness and moisture content; 
(2) the dimensions of the largest lumps of run-of-mine ore; (3) the size of 
the largest particles that are to be sent to the fine-crushing plant; (4) the 
tonnage to be treated; (5) the daily running time; and (6) the location with 
respect to the mine and the balance of the mill. Table 1, arranged from a 
study of the effects of explosives on rocks (Snelling, 28 Pro. Eng. Soc. W. Pa., 
No. 8) is useful for estimating probable relative resistance to coarse crushing. 
The arrangement of machines will be affected by the type of plant construc- 
tion, the kind of power and the method of distribution, and by considerations 
of accessibility and consequent economy of operation and maintenance. 
As a general principle, all crushers should have receiving openings of sufficient 
size to take the largest lump of feed without any aid from the operator, but 
under certain circumstances this rule may be departed from in the case of the 
initial crusher, which must have an operator continuously in attendance 
anyway to pick out powder, wood, rope ends, steel, etc., and this operator 
may be called upon to sledge an occasional oversize lump. The ratio of size 
of the largest lump entering the plant to that of the largest particle leaving 
determines in a general way the number of steps in the size reduction. Best 
practice rarely exceeds a reduction ratio of 4: 1 in maximum size and ratios 
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of 3:1and 2:1 are common. The number of hours per day during which 
ore is delivered from the mine, the storage and handling facilities, the daily 
and hourly tonnage, and the facilities for repairs, influence both size of ma- 
chines and the number of reduction steps. Few underground mines hoist 
Table 1. Relative toughness of rocks and their during all three shifts and few hoist 
resistance to fracture. (After Snelling) continuously during the hoisting 

— shifts. In many, if not most open 

Relative pits, loading takes place only 
oe ee y | during daylight. Hence, unless 
____________| ample storage is provided between 
the mine and coarse-crushing plant 
(and bin storage of this material 
is avoided where possible because 
of the tendency of coarse ore to 
clog in gates and chutes of any 


Limestone 
MOLOMITCS «ce ngyie bree mtem sie neee 
Hornblende gneiss 
Augite syenite 
Biotite granite 
Mica schist 


i Suthlg os Santen idee reasonable size) the capacity of 
Granite gneiss.............. the plant must be adapted to the 
Peridotite............-.+.-- rate of ore delivery from the mine. 
Pa REM CDE er aug orioa This calls for machines whose 
PANIC ee cre tet tee teat eee ie a : 
Caleareous sandstone........ hourly capacity is from 1% to 3 
chert Nee ee ee times that of the fine-crushing 
Gabbro 


and concentrating equipment and 
for the provision of sufficient stor- 
age capacity between the coarse- 
crushing plant and mill proper to 


Feldspathic sandstone 
Aitered: basalt.e ¢ .Gecc'= .02-sesei 
Anrgeite-Qiorite, ...% cece esse 
BIOtIbesRNEISS a. c.908 ue vs eye esene 


ne ON OS ata aad equalize the flow over 24 hr. 

Hornblende granite.......... Coarse-crushing machinery is 

Diorite. ©... sie. eee ee subject to enormous strain and 

peranse ephisty.« xtnvch considerable wear, and, notwith- 
oy RSE StS 2 Aliseceaad Sieur. wes Cae 5 a 

Altered diabase auawlerectaqlareter er exes standing its rugged character, 

Sandstone 


must frequently be shut down for 
repairs. For this reason and in 
order that the shut-downs may 
not interfere either with mining or 
milling operations, the size and number of machines is usually such that 
part-time operation only is necessary to crush the daily tonnage, thus afford- 
ing time for daily inspection and the making of minor repairs. 


Pyroxene quartzite 
Fresh diabase 
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2. Flow-sheets 


Examples of several types of coarse-crushing flow-sheets are given in Figs. 
1 to 20, incl. These are all large-capacity plants, planned for one- or two- 
shift operation. (For examples of smaller plants see the flow-sheets in Sec. 2.) 
The flow-sheets fall naturally into two groups, depending upon the size of 
feed, which, in turn, depends upon the method of mining. When the feed is 
extremely coarse and bouldery, the product of steam-shovel mining, the 
plants contain two breakers of the jaw or gyratory type in series, followed by 
one or more intermediate crushers of the roll or disk type. With relatively fine 
feed (—18-in. or smaller), the product of underground mining, one of the 
breakers is frequently dispensed with, the rest of the plant being of the same 
general character as the plants for steam-shovel mines. Most of the plants 
close the circuit on the last intermediate crusher with a screen to insure that 
all of the material in the bins is less than the desired limiting size. The plants 
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at underground mines usually interpose a bin between the skip dump and the 
primary crusher. This permits steady feed to the primary crusher and hence 
to the balance of the plant, and smaller crushers can be used than if they were 
to be intermittently buried under an avalanche of several tons from the dump- 
ing skip. At steam-shovel plants bins are not ordinarily used ahead of the 
primary crusher because of the great difficulty of moving large lumps through 
the gates without excessive clogging. Hence the primary crusher at these 
plants must have a receiving opening large enough to take the largest lumps 
that the steam shovel can handle, and with these lumps the major part of 
the quarry-car load, and must be able to keep on crushing steadily when the 
receiving opening is buried. The primary requirements of such a crusher are, 
therefore, a large receiving opening and ability to utilize large overdrafts of 
power. It is rarely that the capacity required is greater than that of a jaw 
crusher of the necessary area of receiving opening and for this reason jaw 
crushers are usually placed in this position (see also Art. 9), 


3. Steam-shovel mines 


Plants characterized by direct feeding from cars and the use of two breakers in series. 


Valhalla crushing plant, N. Y. City Water Supply. Fig. 1. (96 MEW 


451.) 

Capacity: 500 cu. yd. per hr. (est.) 

Summary. No receiving bin. Jaw crusher, 60- to 9-in.; jaw crusher, 
9- to 4-in.; rolls, 4.5- to 2-in. Rotary screen to close the circuit on the rolls. 
Bucket elevator. 


The unusual feature of this plant is the use of a jaw crusher for the second crushing 
unit. A gyratory crusher of equal weight has greater capacity, smaller power consumption 
per ton crushed and a more favorable nip angle. The only apparent reason for use of the 
jaw-type machine is that it saved considerable head room and made it unnecessary to sink 
the elevator boot pulley any deeper into the ground. Since the plant was a temporary one, 
built to work only during the building of the Kensico dam, it may be that the higher 
running expense and greater initial cost of the jaw crusher were more than offset by the 
saving on the elevator. The lack of balance in reduction ratios in large and small jaw 
crushers is due to the inadequate capacity of the second crusher. To most designers the 
use of a bucket elevator for such coarse material is poor practice. It is true that its use 
gave a more compact and probably less expensive plant than would have been possible 
had belt conveyors been used for elevation (Fig. 2), but almost universal experience shows 
that the conveyors would have been cheaper and smoother in operation. The bin and 
pan conveyor ahead of the rolls are excellent design, insuring, as they do, against over- 
feeding and equalizing, to a certain extent, the fluctuations in tonnage rate incident upon 

intermittent feeding of carload lots to the primary crusher. 


a, Dumped one at a time di- : 
rectly into the crusher jaws. 6, 8-cu. yd. side-dump cars from quarry (a) 


Rope drive (sheave with 15 @ 
144-in. grooves, tension carriage 
and idler sheave) from a jack 
shaft belt-driven through a fric- 
tion-clutch pulley from a 300-hp. 
@ 560-r.p.m. mill-type slip-ring 
induction motor with 250 per cent. 
full-load starting torque. Crusher, 
cast-steel; weight, 450,000 lb. Fly- 
wheels, 12 ft. diameter; weight, 15 
tons each. Manganese-steel jaw 
and cheek plates in interchange- 
able sections. Ail bearings water 
cooled. Speed,90r.p.m. c¢, Cast 
steel. Weight, 210,000 lb. 200 
r.p.m. Motor, 150-hp. @ 560- 
r.p.m., same type as above, belted 


60x84-in. jaw crusher, set 9-in. (b) 
Grizzly, 4%-in. aperture 
pe tec) } oe 
36x72-in. jaw crusher, set 4-in. (c) 


42-in. continuous chain-bucket elevator (dy f) 
7x30-ft. revolving stone screen, %-and 2/4-in. openings (f} 
+2h,-in. -24% (t% -in, oa 
Small bin, (¢) Bins Sand storage 
Pan conveyor (¢) 
60x30-in. rolls, 2-in. set (9) 


Fig. 1.—N. Y. City Water Supply, Valhalla 
crushing plant, 
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direct to crusher with 20-in. endless double-leather belt. d, Buckets, 42 X 18 x 19-in. 
of 4-in. pressed steel with 34 X 2-in. reinforcing bar strap, each carried on a shaft with steel- 
bushed rollers that travel on 30-lb. rail. Roller-shafts linked by double bars, 44 X 3 X 18- 
in., each side. Speed, 95 ft. per min. e, To equalize roll-feed rate. Ls Elevator and 
trommel driven by a 50-hp. @ 850-r.p.m. squirrel-cage induction motor. g, Smooth 
shells, 50r.p.m. Capacity, 300 cu. yd per hr. from 4-in. to 2-in. Motor, 100-hp., 560-r.p.m., 
same type as crusher motors, 
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Elevation of Valhalla crushing plant. 


New Haven Trap Rock Co., North Branford, Conn. Fig.3. (73 EN 582.) 

Crushing trap rock from steam-shovel size to —2-in. at 350 to 400 tons 
per hr., 1-shift operation. Diagrammatic layout of plant is shown in Fig. 4. 

Summary. No receiving bin. Jaw crusher, 48- to 10-in.; gyratory, 10- 
to 5-in.; gyratory, 5- to 1.75-in. Circuit closed by revolving screen and disk 
crusher. All plant transport and elevation by belt conveyors. 


This flow-sheet shows the more usual arrangement for medium-large tonnages, 2.e€., 
a large jaw crusher for the initial machine followed by a gyratory. The weight of these two 
crushers is less than that of jaw crushers for the same crushing capacity and the power 
consumption per ton crushed is also less. The arrangement that allows either of the first 
two crushers to be cut out without stopping the whole plant (see Fig. 4) is admirable. The 
great bulk of the crushing is done in the jaw and gyratory crushers and but little load 
goes to the disks, which serve essentially merely as accessories to the secondary gyratories, 
with the advantage, however, that they may be set down to increase, slightly, the tonnage 
of finer sizes, when there is such a demand. The four No. 6 gyratories are used in this 
plant to do substantially the same work done by one set of 60 X 30-in. rolls at the Valhalla 
plant. The gyratories weigh more, require more power and more transmission machinery, 
and probably, on the whole, cost more for repairs. They have the advantage that plant 
operation does not have to be stopped completely while repairs are being made, as is the 
case with the single-roll unit at Valhalla. 
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a, Dumped one at a time 
directly into jaws of primary 
crusher. Can be dumped into 


5-ton side-dump cars from quarry (a) 
48x72-in, jaw crusher, set 10-in. (b) 


a 5 A : 
gyratory, if desired. 6, 250- (tL No. 10 Paine set 5-in, (d) 
hp. motor drives jaw crusher, ype re | 
primary trommel and 30- and 86-in. belt conueyor 
res ee i deere ap 5x15-ft. revoluing screen, No.1, 2-in, opening ()) 
200 hp. enix drive, 10-ft. cen- ) 
ters. c, Jaw crusher can dis- Ne v 
charge ae, ae 36-in. con- 30-in. belt conveyor ial Wr 
veyor. > -hp. motor. e, J : onveyo! 
150-hp. motor for the four. f, 4 @ No. G gore set @ 1% -in. (¢) 
No. 2 trommels and 20- and 24- 24-in. belt gonveyor (f) 
in. conveyors driven by 1@ 75- 2 @ 5x15-ft. revolving screens, 


hp. motor. g, Setting varied 0.2, 2-in, openings (f) (7) 
according to sizes of finished WwW oO 


rock in demand. 1 @ 100-hp. yee: i : h 
Bee oe and oot cone 2 @ 48-in, horizontal-shaft disk crushers (g) 


veyors and 6 screens driven by 80-in. inclined belt conveyor (h) 

150-hp. motor. i, 6-compart- ft. 5 Me 1.5-in, ing (h)( 4). 
ment, 3000 cu. yd. total capacity. 2@, ee M9) 
Loads directly to cars through 4 Bey Pt ak oo 
tilting chutes on the front or 20-in. inclined conveyor (h) 1% -in. stone <n. oe 
through bottom gates and an 2 @ 4x18-ft. compound revolving screens, Bin (i) Bin (i) 
inclined conveyor to an auxiliary : YY and 7-in. openings (2100) 

loading bin. \ (See Fig. 4.) The w 4) w) &) 


shipping yard has trackage for ba] ee yi 
40 @ 50-ton standard-gage emp- yim, stone ts oy stone 4 HG stone 
ties ahead of the loading point  8in(i) in (i) Bin (y) 


and 40 loaded cars followipsg, D pulanting screene Ta aera 
Cars move by gravity from gy eating soreers Tien epertire ) 
6 


empty yard to loaded yard. ) 

Tidewater shipping bins 6 miles Y, -in. stone Waste 
distant by privately owned, Bib (i) 

single-track railroad. j, All oes 

ae jackets of manganese Perse New. Haven Trap"Rock’ Co 
steel. E 


New Cornelia Copper Co., Ajo, Ariz. Fig. 5. (108 J 465.) 

Crushing hard, bouldery ore from 414% x 414  10-ft. maximum to 14-in. 
at 400 to 500 tons per hr., 2-shift crushing. 

Summary. No receiving bin. Gyratory, 54- to 6-in.; gyratory, 9- to 3-in.; 
disk, 3- to 0.75-in.; disk, from 0.75- to 0.38-in. Circuit closed on final disk 
by means of screens. Coarse-ore transport by belt conveyors, —0.75-in. pro- 
duct raised in bucket elevator. 


The primary gyratory was oversize for this plant when making the normal reduction 
to 8- or 9-in. and reduced a carload of material so rapidly that it flooded the secondary 
gyratories. The primary machine was, therefore, made to do more work by reducing the 
discharge opening to 6 in., thereby relieving the secondary machines, but, more important 
yet, distributing the feed to the secondary machines over a greater part of the total working 
time. Considerable trouble is caused by lumps too large to enter the primary machine. 
On the information available it would appear that a 60 X 84-in. jaw crusher followed by a 
flow-equalizing bin and feeder would give more satisfactory service at less cost than the big 
gyratory. A grizzly was subsequently put in ahead of the secondary gyratories and 
its use cut the repair costs on these machines materially. 

The choice of disk crushers was dictated in part, at least, by the fact that the final product 
of these machines contained less fine material than that from rolls and the coarser product 
was more desirable for leaching. Comparing the product of this plant with that of the 
Urtaw Correr Co. rolls, the —20-mesh material in —3£-in. screen product amounts to 
only 19 per cent. against 15 per cent. in the — 1-in. product of the Utah plant. 

In general disks cost more in supplies and time lost for repairs than do rolls, and they 
are frowned upon by many designers on this account. For coarse feeds and relatively small 
tonnages per unit, however, the weight and power consumption are so much smaller than 
for rolls that the disks are entitled to serious consideration. 
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Fie. 4—Plani of New Haven Trap-rock Co. 
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to the elevatar over that due to belt eonveyors 
the plant, much more than eounterbalanee the 
attended a conveyor installation. 


@, Capacity, 35 to 37 tens each. 
Damped ane at a time Girectly inte 
erusher hopper. 4, Capacity of 
this crusher with head snd coneaves 
set for Qin. discharges was ieo great 
(S00 tons-per hr.) for the evrataries 
following, henee lower mne of mantle 
sad coneaves was made thicker so 
that the discharge size was reduced 
te Gin, and capacity became 400 
te 450 toms per hr ic Qriginally 
set for din. discharge and ‘“doeded” 
&t 500 tens per (225 tens each) 
of — Sin. product primary bresker, 


hr 


Capacity to —3in. on —6in. 
material fram primary breaker is in 


excess of 112 tons per hr. 


@, Large 


a 
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and powerful magnets are suspended over each belt and magnet head pulleys are used. The 


4 latter alone would not remove alltrampiron. e¢, Coarse crusher has 4-in. annular grinding 


¢< 


’ surface on upper disk; lower, 6-in. Repairs low on coarse disk but high on fine disks. 
Capacities are 100 tons and 50 tons each per hr., respectively. One 7 5-hp. induction motor 
on each machine. f, Average Screen test, per cent.: +3-mesh, 26:3; +4, 16.6; +6, 12.8; 
Bt toed ieee ie TS ese 5.0; dae 4.2; —20-mesh, 19.0. g, Fine dust caused serious 
r : etiing down in cars allayed slightly, but dust-collecti 

Wet. B53 Secs, Fie.ie ollecting systern had to be 


Nevada Consolidated Copper Co., McGill, Nev. Fig. 6. (123 P 326.) 

Steam-shovel mine, ore very soft with considerable clayey material. 13,000 
tons per day crushed from steam-shovel size to 6-mesh. 

Summary. Receiving bin. Sledging to 14-in.; gyratory, 14- to 3.5-in.; 
two sets of rolls in series from 3.5- to 0.12-in. Circuit closed on final rolls by 
means of vibrating screens. All transport and elevation by belt conveyors. 


In this flow-sheet the usual arrangement following steam-shovel mining is departed from, 
4 coarse-ore bin precedes the initial crusher and one breaker step only precedes the inter- 
mediate crushing. The reasons are: (1) the ore is very soft, breaks relatively small at 
the mine, and requires but little sledging and mud-capping on the grizzlies to reduce it to 
pass a 14-in. opening; (2) yard syace for storage and switching ahead of the crusher was 
more expensive to build than a bin; (3) a small amount of hand work in preliminary breaking 
saved the cost of a large primary crusher. 

The reduction made in two steps by the rolls is unusually large. Taking the maximum 
safe reduction in the first rolls (20° nip angle) would set them at 0.9 in., which leaves a reduc- 
tion ratio of 7.5 : 1 for the fine rolls. Such work as this at the high capacities maintained 
would be possible only with very soft ore. 

Cost in 1921 was $0.053 per ton. 


6-mesh mitchell screene 


Train of 60-ton, standard-gage 
Inglezby side-dump ty 
Automatic recordng track scale (a) 
Grizzly, 14-in. (b 


%) 
7220-in, Garfield rolls (f) 


2 belt conveyors 


& oO 2 belt conveyors 
Sledged and dynamited 2 emall bing 
Coarse-ore bin (b) 12 rotary feeders 
80-in high-speed ~~*«Oin. slow 25 12 Mitchell ecreens, 6-mesh 
. high-gpeed -in. peed pe 
apron feeders (c) apron feeders (c) @ 2 aye 
3 elt con- 
2 traveling grizzlies (c) 2.5-In. opening 2 @ 72 a O-in Gar- veyors (g) 
field rolls (f) Longitudinal cone 


2@ Nez 8 gyratory crushers, 3.5-in. set (d) ) dinal | 
ee  — veyor with tripper 


2 inclined belt conveyors (¢ 30,000-ton-bing 

a, Streeter-Amet. Each car weighed automatically at train rate of 3 miles per hr. 
Permanent stamped record automatically kept. 6, Single track on top of a bin 288 ft. 
long, 20 ft. wide and 14 ft. deep. Horizontal grizzly each side of track, 70-lb. rail, base up. 
2in. compressed-air pipes ending on hopper bottom about 3 ft. from gates aid discharge 
greatly. c, 24 feeders, 8 ft. 9 in. long, set under hoppers spaced along longitudinal center 
line. All but two center feeders run toward transverse center line; two center feeders run 
toward ends. The two feeders (oppositely directed) in each half of the bin nearest trans- 
verse center line are high speed (about 5 ft. per min.) and discharge onto 60-in. X 118-ft. 
transverse traveling-belt grizzlies that feed the two gyratory crushers. All other feeders 
on each side feed onto a 60-in. pan conveyor, thence to the above-mentioned traveling 
grizzlies. Speed of these feeders is 2.5 ft. per min. d, 100-hp. motor, direct-connected 
to pinion shaft. e, 42 in. wide, 120 ft. long; slope, +19° 20’; speed, 250 ft. per min. 
f, Both drive pulleys same side, outboard bearing on fixed roll. 150-hp. motor to each 
set of rolls. g, 42 in. wide, 270 ft. long; slope, +16°; 275 ft. per min. 


Fic. 6.—Nevada Consolidated Copper Co., coarse-crushing plant. 


Morors. Total hp. @ 860. Every machine except feeders has an individual motor. 

Conveyors. All are 42 in. wide; belts, 8-ply with 14in. rubber cover; ball-bearing 
-troughing idlers and Hyatt roller-bearing return idlers. 

Cuures. All made of sheet steel lined with cast iron or boiler plate. 


wigs 
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Chino Cons. Copper Co., Santa Rita, N. M. Fig. 7. (116 J 1120; 117 J 13.) 

Crushing from steam-shovel size to 7-in. at the rate of 12,000 tons per 
24 hr. For layout at mine see Fig. 8. 

Summary. No receiving bin. Jaw crusher, 60- to 8-in.; gyratory, 8- to 
2.5-in.; rolls, 2.5- to 0.88-in. Circuit closed on final rolls by means of impact 
screens. Bucket elevators used for —2.5-in. material. 


This plant is remarkable only in the fact that the initial breaker and secondary breaker 
are separated by several miles of rail travel. The jaw crusher is the proper initial crusher 
for the relatively small tonnage of coarse material. Compare with the Utah plants treating 
a much larger tonnage of similarly sized though softer ore. The use of the bucket elevator 
for —2.5-in. material marks the age of the plant; without question conveyors would be 


used for this service in case of rebuilding. 


Cost of initial crushing (1924) was $0.0125 per ton. 


Pit 
20 cu.-yd. side-dump standard-gage cars 
1.5, miles 
Grizzly, 8-in. spaces (a) 
oa) ~ &) 
66x84-injaw crusher, set 8-in. (b) 


60-in. pan conveyor (c) 
Loading bin (a) 
50-ton standard-gage gondola cars 
7.5 miles, 28-car trains 
Grizzly, 12-in. square openings (e) 


| ee oo eo =. =e 
Ce) oe) 


20 apron feeders 
3 @ 34-in, belt conveyors 
Grizzly, %-in. spaces 
: (+) tas a 
2@ No. 8 gyratory crushers, set 24-in. 


2 elevators 
Grizzly, % -in. spaces 
SS. | an 
oe (oe) 
2 @ 72x20-in. rolls 


Impact screens, % -in. openings 
) & 


2 @ 36-in. inclined belt conveyors 
12 @ 1000-ton cylindrical steel bin 


Sledged 
2 bins, 1800 tons combined capacity 


a, I-beams with manganese-steel caps. 6, 48 X 60-in. was too li Yow i 

a, g . H j ght. Now in reserve. 
Weight, 475,000 lb. Throw at throat, 3144 in. 80 r.p.m. c¢, Incline, +15°. d, 40 ft. 
long, 144% ft. wide, 23 ft. high; 567 tons capacity. 6 chutes each side. 50-ton car loaded 
in 15 min. Louvres over gates. e, 60-lb. rail grid under track, over bins. 


Fic. 7.—Chino Consolidated Copper Co. 
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Fig. '8.—Lay-out of coarse-crushing and loading plant, Chino Copper Co. 


1. Dump-car train from steam shovel. 
4. Undersize. 
2, 


50-ton cars. 


2. Grizzly with 8-in..openings. 3. Oversize. 
5. Fine-ore bins, 1500-ton capacity. 6, 84 X 66-in. jaw crusher, 80 r.p.m. 
@ 5-ft. steel pan conveyors, 60 ft. per min. 8. —8-in. 9, 1450-ton loading bins. 10. 
11. Creek bed. 


Art. 4. UNDERGROUND MINES 237 


4. Underground mines 


Plants characterized by the use of one breaker only, preceded by a coarse-ore bin. 


Ohio Copper Co., Lark, Utah. Fig. 9. (99 J 749.) 

Crushing from 14-in. to —3-in. at 125 tons per hr., one-shift crushing. 

Summary. Receiving bin. Jaw crusher, 14- to 2-in.; rolls, 2- to 0.55-in. : 
rolls, 0.55- to 0.19-in. Circuit closed on final rolls by means of stationary 
screen. Conveyor and bucket-elevator transport. 


This plant is typical of good reduction practice for relatively low tonnages, using a jaw 
crusher for primary breaking, a pan conveyor to feed the crusher, and removal of fines 
ahead of the crusher. A belt conveyor in place of the belt-bucket elevator would have cost 
more for construction, but would easily pay for itself in smoother and more continuous opera- 
tion. Vibrating screens would undoubtedly replace the stationary screens in a present- 
day design. 

a, Set on slope to elevate from bin to crusher. 15-hp. motor for conveyor and two 
feeders. 6, Cast-steel T-shape bars; top tapers from 24 in. at head end to 14% in. at 
lower end, thus making openings 1 J 
in. wide at the upper end and 2 in. Coarse-ore bin 
wide at the lower end of the griz- 2 Ce feeders 
aly. This prevents clogging. c, 80-in, pan conveyor (a) 
Blake type. 150-hp. motor drives Grizzly, 2-in. aperture (b) 


this and coarse roll. d, 70 r.p.m. ae ar Peer | 
e, 75-ft. lift, 410 16x24-in. jaw crusher, set at 2-in. (c) | 


(See note c.) 

ft. per min. 60-in. head pulley, F = 
42-in. boot pulley. Large concrete 60x24-in. roll set {-in. (a)(h) 
pit with broad stairs. Lower part 
of housing counterweighted to 
swing away easily. 12-ply belt. 
2 rows 9 X 9 X 18-in. buckets 
staggered 30 in. apart. 3 X 6-in. 
knocking timbers suspended over 
the head pulley to jar buckets and 
loosen sticky ore. 50-hp. motor. Frg. 9,—Ohio Copper Co., coarse-crushing plant. 
f, Set at 45°. Heavy wire cloth 

with % X 1-in. openings. Easily turned end-for-end or over. Efficient except with damp, 
sticky ore. g, 70r.p.m. 75-hp. motor oneach. Ah, Roll shells 6 in. thick; in two sections, 
one 10 in. and the other 14 in. wide. Shrunk on. Heat from dry crushing loosens shells 
unless carefully shrunk. i, 10-hp. motor. 


United Verde Copper Co., Hopewell, Ariz. Fig. 10. (704 J 117.) 

Crushing from 18-in. to —3-in. at 400 to 450 tons per hr. 

Summary. Receiving bin. One initial gyratory crusher, 18- to 4.75-in.; 
+1.5-in. lumps not further crushed; rolls, 1.5- to 0.75-in.; rolls, 0.75- to 0.375- 
in. Circuit closed on final rolls with revolving screens. Conveyor and bucket- 


elevator transport. 


36-in. belt elevator (e) 
j q ' Zz. 
12 stationary inclined screens, in. aperture (f) 


ra 
2@ 60x24-in. rolls 24-in, belt conveyor (i) 
setié-in.(9)(h) Fine-ore bins 


This plant would probably have one or more gyratory crushers to take the oversize of 
the shaking grizzlies were it not for the fact that this coarse material is wanted for the 
blast furnaces. The flow-sheet would then become the two-breaker type, or, by making 
a larger reduction in the primary breaker and using either larger rolls, disk crushers or 
reduction gyratories for the second machines, the present type of flow-sheet could be 
preserved. 

The secondary crushing is directly comparable with that at New Cornerra (p. 233), 
eliminating the question of desirability of a granular product at the latter plant. At 
Hopewell three 54 X 24-in. rolls are used to crush 300 tons per hr. from — 1.5-in. to — %-in., 
while at New Corne ia fifteen 48-in. disks crush 425 (aver.) tons per hr. from — 3-in. to 
—%in. Ordinary smooth-faced rolls could not be used to break — 3-in. feed to — 0.75-in., 
as is done by the coarse-crushing disks at New Cornetta, on account of nip-angle limitations. 
It would require 100-in. (diam.) rolls to make this reduction and 78-in. is the largest made 
(1925). A roll plant for the New Cornuxia tonnage, based on Hopewell practice, would 
require one pair of 78 X 20-in. rolls from — 3-in. to — 1.5-in., one pair of 60 X 24-in. from 


rb 


—1.5- to —0.75-in., and 3 pairs of 5t X 24-in. rolls to —%-in. This is 5 rolls against 
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15 disks, with a marked advantage for the rolls in first cost and operating expense. See also 
the comment on the Clarkdale plant of Unrrep VERDE. 


Cars from mine 


1 ~ 
wer. No. 9 gyratory crusher set at 4.75-in, (6) 
Storage bins (a) 


42-in, steel chain-bychet elevator (c) 
2 @ 7x12-ft. shaking grizzlies, 1.5-in. aperture (@) 


®. 
36-in, ognesyor (2) Compound revolving screen ©) 
36-in. conveyor with traveling distributor (f) -1,5+0,75-in, —0.75-*0.375-in. -0.375-in. 


Blast-furnace’ bins - 
a 24-in. belt-bucket elevator (3) 
54x24-in. rolis, set 0.75-in. (kh) 2 @ 54x24-in. rolls, set 0.375-in. (A) Se SOR SRY 
24-in. belt conveyor 
24-in. belt conveyor 9) Tripper 
24-in. belt-bucket elevator (?) Fine-ore storage bins 


a, One 2-compartment bin, 3600-ton capacity discharged by sir-operated slide gates 
and one 6800-ton auxiliary bin discharging to a 54-in. shuttle belt conveyor with 1S (diam.) 
X 58-in. 16-section 16-pole magnetic head pulley, thence to a 42-in. pan conveyor, lined 
with 4-in. maple blocks and running at 40 ft. per min. delivering to crusher chute. Motors: 
one 5-hp. on shuttle; one 50-hp. on pan conveyor. 6, 150-hp. slip-ring induction motor. 
c, 68-ft. lift, 45 ft. per min. 75-hbp. slip-ring motor. d, 114§° slope, 15¢in. eccentric, 
220 strokes per min., the two driven by a 75-hp. slip-ring motor. Capacity of each grizzly, 
400 tons per hr. e, 300 ft. per min., 25-hp. induction motor. /#, 15-hp. motor. g, Inside 
screen, 5 X 18-ft., 0.75-in. holes; outside SQ-in. X 15-ft., 0.3875in. holes. Both screening 
surfaces made of manganese-steel quadrantal segments. A, Anaconda type, 1040 ft. per 
min. peripheral speed, 150-hp. motor. i Amounts to about 30 per cent. of total feed. 
j, 26-in. belt, 250 ft. per min. 4A, 15-hp. motor. J, 35-hp. induction motor. m, 300 ft. 
per min. Normal capacity, 200 tons per hr.; possible overload capacity, 150 per cent. 
n, This plant was later superseded by the Clarkdale plant. 


Fre. 10— United Verde Copper Co., Hopewell plant (n). 


United Verde Copper Co., Clarkdale, Ariz. Fig. 11. (127? J 396.) 

Crushing from about 18-in. to —3-in. and — }4-in. at 500 tons per hr. For 
arrangement of machines, see Fig. 12. 

Summary. Receiving bin. Four imitial jaw crushers, 24 to 3-in.: disk 
crushers, 3- to 0.75-in.; rolls, 0.75- to 0.25-in. Circuit closed on final rolls by 
means of screens. Conveyor for coarse and bucket elevater for —0.75-in. 
material. 


This plant is of particular interest when compared with the Hopewell plant of the same 
company, which it replaces. Four initial crushers of the jaw type replace one gyratory. 
This increases both first cost and operating cost, when operations are at full capacity, 
but permits more economical low-capacity operation. The jaw-type crusher is better 
fitted to handle the clayey ore than the gyratory. Disk crushers replace rolls for inter 
mediate work. This is an economy both in first cost and power cost for the relatively small 
unit capacities planned and is an example of the use of the disk in the position to which 
it is ideally suited te., taking relatively coarse feed at a relatively low rate (as compared 
with big rolls) with less metal and less installed power required per ton of daily capacity. 
Fine crushing (to 0.25-in.) is done in rolls, which is undoubtedly better practice from the 
crushing standpoint alone than to use disks. Conveyors have replaced the chain-bucket 
elevator for handling crusher product but bucket elevators are retained for —0.75-in. 
material, Storage capacity has been largely and cheaply inereased by the use of the 
stock pile. 

Motors. All over 50-hp. are 2200-volt, those under are 44Q-volt. All motors have 
push-button control. Remote and multiple push-buttons are used on crushers and long 
conveyors. All conveyors and feeders on a given ore stream ean be stepped by a main 
button. An electrical interlock controls starting and prevents any piling up of material. 
Power consumption, 3 kw.-hr. per ton. 

Lapor. 35 to 40 men; cost about $0.05 per ton. 
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Fig. 12.—Clarkdale crushing plant, United Verde Copper Co. 
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Run-of-mine ore (a) 

By 60-ton gondola cars 

2000-ton receiving bin 
4 apron, feeders (ce) 


4 stationary grizzlies, 3-in. sq. holes (d) 
) (-) 


4 @ 20-in. inclined, belt conveyors (1) 
4 shaking grizzlies, 1-in. opening : 
(oe 
Conugyor ) * 4 vibrating screens, 0.25-in. o, ening 
. (=) 
Cross conveyor (2) 


; Conveyor (7) Conveyor (i) 
t 
*4@ 24x36-in Yaw crushers(b) hs ee 8 Cross conveyor 
Weightomete 
Reject Sample 19 r 
Either 


man 250-tons per hr. 
Conveyor (7) Conveyor (1) 2000-ton surge bin beyond here 
12000-ton storage bin 75000-ton stockpile Conveyor (i) Conveyor (2) 

: 450-ton bin 


y Conveyor (i) 
Blast furnaces Either 3 belt feeders (9) 


Magnetic pulle 


% 3 grizzlies, 0.75-in_ (d) rom 
: pile 


3 @ 48-in, vertical spindle disk crushers (e) C) 


Inclined belt ponueyor (i) 
6 bucket elevators 


& screens, 0.25-in. (h) 
¢ 


+) 
3 belt feeders (9g) Weightometer 


Dust suction 
Cottrell treater 


ae Ay Magnetic pulle Sampler 
Bin Siege ¥3 @ 54x24-in. fron Reject Samp 
Car Discharge to rolls (f) Bin Conveyor (i) 
Roasters atmosphere =. 2000-ton fine-ore bins 
Roasters 


* Connects with dust-collecting system. a, Includes hard, massive sulphide from under- 
ground workings and both silicious ore and soft clayey material from steam-shovel pits, the 
hard preponderating. 6, Each driven by a 125-hp. motor through short-center belts with 
tighteners. c, Driven by individual variable-speed motors with speed reducers. d, Man- 
ganese steel. e, Foundations for a fourth in place; 75-hp. motors foreach. /, Foundations 
for a fourth in place; 150-hp. motors for each. Open belts provided with tighteners. 4g, 
Driven by individual variable-speed motors with speed reducers. Magnetic head pulleys. 
h, 4 Mitchell and 4 Hummer. i, Sizes, 20-, 24- and 30-in.; speeds, 250 to 380 ft. per min, 
depending upon width and capacity. Wide belts are used for coarse material. Short belts 
are chain-driven from gear speed reducers, intermediate lengths are direct-geared, the long 
inclined conveyors have tandem drives. Inclines limited to 19°. Conveyors following 
crushing machines are fed over grizzlies in order to put fines on belt first. 


Fig. 11.—United Verde Copper Co., Clarkdale plant. 


Inspiration Cons. Cop. Co., Miami, Ariz. Fig. 13. (65 A 707.) 

Crushing medium-hard granitic porphyry and schist from —12-in. to —2- 
in. at 1000 tons per hr. 2-shift operation. Arrangement of machines is shown 
in Fig. 14. 

Summary. Receiving bin. Four initial gyratory crushers from 12- to 
4-in.; disk crushers from 4- to 2-in. Open circuit. All-conveyor transport. 


This plant shows a smaller first cost for crushing machinery and a greater tonnage 
crushed per unit of installed power than any of the other plants discussed. (See Table 2.) 
These low-cost figures are due to the fine feed and coarse product and to the fact that the 
circuit is not closed. On the other hand, labor cost is relatively high due to the fact that 
four primary crushers require four attendants to pick the feed. The plant has the great 
advantage that it is built in four substantially independent units so that capacity may be 
reduced without lowering the efficiency, and 24-hr. operation is possible with only slight loss 
of capacity for repairs. Floor space is 1.3 sq. ft. per ton of daily capacity. Actual power 
consumption is about 0.33 kw.-hr. per ton crushed. 
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2000-ton, erude-ore bin (a) 
4 @ 48-in. apron feeders (b) 


Waste picked off 4 bar grizzlies, 3-in. aperture a, Steel, double-hopper bottom. 
20-in. belt at ® @) 6, 25 ft. 6 in. long, 7 ft. per min. 
75 ft. per min. 4@WNo. 8 gyratory crushers, 20-in. belt conveyors at 7 ft. per 

Dump set 4-in. (f) min. placed underneath catch drip 


Si aE d i i i = 
2 @ 30-in. inclined belt conveyors (c} a Pius tee oir ee a 


2 bar grizzlies, 1.5-in_ aperture pulleys. d, Short cross conveyors. 


: : Se ie . ©) ; 5 350 ft. per mi 
4@ 48-in. horizontal-shaft disk crushers, set 2-in, a Ee bane pee ee 


2@ 36-in. horizontal belt conveyors (d) oI oe eee motor, placed in dust- 
2 @ 8@-in. inclined belt conveyors (e) m 
4 @ 24-in. horizontal belt conveyors 
25000-ton storage bin 


Fic. 13.—Inspiration Cons. Copper Co., coarse-crushing plant. 


available 
capacity 
2000 


4 Cyratory 
crushers 


| 
Elev. 31926), 


2°36" Incline 
conveyors : 


Fic. 14.—Section of coarse-crushing plant at Inspiration. 


Alaska Gastineau Mining Co., Juneau, Alaska. Vig. 15. (63 A 492.) 

Ore: Quartz lenses in slate, schist and metagabbro; 450 tons per hr. 

Summary. Receiving bins. Two initial jaw crushers, 30- to 5-in.; gyratory 
crushers, 10- to 2-in.; rolls, 2.5- to 1-in.; rolls, 1- to 0.1-in. Circuit closed on 
intermediate and final rolls by means of impact screens. Autumatic skip 
hoists for elevation. 


Coarse Crushing 
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Table 2. Comparison of coarse-crushing plants 


Approxi-| Tong Tons 

Prod- Approxi- Bi crushing| crushed 
Feed, uct, | Tons mate orse- | machin- per 

Plant maxl-! maxi- | per | weight of POW ca ery per | horse- 

mum, |! mum, | hour| crushing stalle ton of | power- 

inches | inches machinery for hourly |hour Gn- 
crushers capacity | stalled) 
only 

Walhalla wcosercrxototrererata wee [48-54 24 | 675 860,C00 550 0.6 1.2 
New Haven..... Matsiarae crete bo Oeste 2 375 690,000 €00 0.9 0.6 
Utah Copper, Arthur. ....|48-54 1 1650 {| 1,360,000 1300 0.4 1.3 
Utah Copper, Magna....../48-54 | —0.75]|1000 | 1,980,000 2750 1.0 0.4 
INewe@ormeliauecdc s+... s 48-54 % 425 | 1,540,000 1825 1.8 0.2 
OhiowCop perc <Sioepseater re 14 3% 125 340,000 300 ale: 0.4 
United Verde, Hopewell...} 18 3a | 425 325,0C0 8060 0.4 tos 
United Verde, Hopewell (6)} 18 3% 425 545,000 575 0.6 0.7 
Ens pir atone cocks ota elerelerers 12 2 1000 480,000 640 0.2 1.6 
United Verde, Clarkdale... . 18c yy 500 | 1,080,000d} 1950d be 0.3 
Nevada Consolidated. .... 14 6-mesh] 500 650,CC0 800 0.6 0.6 
Alaska Gastineau......... 30c |10-mesh| 450 |} 1,650,000 2200 1.8 0.2 
Chino Cons. Cop. Co...... 54-60 K% 500 885,000 800 0.8 0.6 


a But note that about 130 tons is rejected at — 4.75 +1.5-in. 6 Estimate based on 
roll crushing all feed to pass %-in. c Estimated. d Estimated on basis of 500 tons per 
hour down to 14-in. Present capacity is 500 tons per hour through the initial crushers and 
250 tons beyond this. 


This, although an underground mine, can handle lumps into the mill-ore trains of a 
size approximating those from steam-shovel mines. The coarse-crushing flow-sheet is, 
therefore, of the steam-shovel-mine type with 2 breakers in series ahead of the intermediate 
crushers. The use of a bin for + 10-in. material ahead of the initial crushers is unusual 
and fraught with danger of clogging in the discharge gates. The breakers are installed on 
shelves on the side of a great hole cut in solid rock and material flows by gravity from the 
tipples to the bin storing the — 214-in. size. Reduct’on in final rolls is larger than is cus- 
tomary. The use of automatic hoists is unique. Several of the men intimately and 
responsibly connected with their operation vouch (PC) for their smooth and satisfac- 
tory operation, after the troub’es incident to starting were overcome. ‘They have the ad- 
vantage over belt conveyors of making a very compact plant, particularly where large 
vertical lift is necessary; and with the mechanical difficulties incident to a new type of 
machine overcome, should be much superior to bucket elevators. 


10-ton car trains ° 
a 45° chute () 
Bavelung tippls-(a) Grizzly, 10-in. opening (c) 


4 Colorado impaot screens, 1-in. opening( 4) 
cee teat ease 


Co) ae 
SS (+) ©) 2500-ton bin Belt conveyor ( 
x ——" =" ’ Rotary feeder (n) Tripper 
Se se as Ce Papen Belt shh 01) pr 
8 i : ing 
& ers, 5-in. set. (f) feeders 2@ 72x20: rolls (m),-1-in et 
s 2 stationary inclined 4 stationary inclined Skip-storage bin 
3 screens, 2.5-in.opening (a) screens, 2.5-in.opening (d) 2 automatic skipa (0) 

—————— nr 
*l@ ©) © 6 Colorado impact screens, 1-in. opening 
aan een EERE EEE EEE eer 


C+) 


Bin (e) 
4 @No. 8K Gates gyratory crushers, 2-in. mil ( 60 Colorado impact screens, 8-mesh {p) 
(+) ) 
10,000 tons per day 10 @ 24-in. belt conveyors t 
8 pulley feeders (h) 10@ 54x20-in, rolls (9) 8000-ton fine- 
| : Skip-storage bins ore storage bint 
Belt conveyor (i) 1 Oe ee 


10 @ 5-ton automatic shipe (0) 


Fig. 15.—Coarse-crushing plant of Alaska Gastineau Mining Co. 


a, Capacity, 4 cars. 2 tipples operated by 50-hp. motor. Friction clutch between 
motor countershaft and tipple mechanism, band brake on tipple. 6, Lined with worn-out 
roll shells, 1 in. thick, straightened at red heat by steam hammer. Cheaper than boiler 


Art. 5. 


plate and has longer life. 


45° slope; crimped-wire cloth. 


UNDERGROUND CRUSHING PLANTS 


c, 8-in. steel I-beams with manganese-steel caps. 
failed by bending after 6,000,000 tons, but caps were still good. 
e, Underground, 8000 tons cap. 
gyratory crushers with grizzlies and screens constitute a separate unit. 
clutch-driven from a countershaft which, in turn, is driven by a 200-hp. motor. 
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Several beams 
a, 3 ft. (wide) X 14 ft.; 
f, One jaw and two 
Crushers are 
g, Crew: 


1 crusher man, 1 feeder man, 1 oiler each shift; 1 repair man and helper on day shift; rigger 


crew as necessary for changing jaw plates, mantles and concaves. 
ferent feeders operated at different times to overcome size segregation in bin. 
1216 ft. long, 8-ply, slight down slope. 
300-hp. motor for rolls, conveyor and feeder. 
Capacity: oversize from daily mill feed of 12,000 tons per 24 hr. 


1, 36-in. 
roll shaft. 


m, 80 r.p.m. 


h, 36 X 36-in. Dif- 
i, 42-in., 
k, 42-in.; 8-ply belt. 
n, Driven from 
o, Each 


j, All steel, extra heavy. 


5-ton capacity. 75- to 135-hp. Westinghouse hoist motor operates one hoist drum for 


2 skips in balance. 
actuated by the descending skip. 
that throws the motor switch. Lift, 


p, 0.032-in. aperture (some are 9-mesh, 0.028-in. aperture). 
Manganese-steel cams and tappets. 
One 300-hp. motor direct-connected to a line shaft for each two 
Capacity, 1100 tons per 24 hr. from 1-in. to 10-mesh. 


tions per min. 
feed sprayed to lay dust. 
sets of rolls. 


Air cylinder operates skip-loading gate through 3-way valve on a shaft 
Loading time (11 sec.) determined by an oil dash pot 


100 ft. Maintenance cost $0.009 per ton milled. 
Steel-wire cloth. 600 vibra- 


g, Set to grind to 10-mesh. Roll 


5. Underground crushing plants 


Underground crushing plants are used to lessen the difficulty of loading 


large lumps into the hoisting skips, and thereby decrease shaft delays. 


are to be considered only when 
the character of the ore and the 
method of mining produce large 
lumps at the stope chutes and 
skip-hoisting is employed. Under 
such circumstances placing the 
primary breaker underground 
may result in sufficient time and 
labor saving in skip-loading to 
counterbalance the disadvan- 
tages, of which the principal 
ones are the high cost of in- 
stallation; separation of the ini- 
tial crusher from those following, 
with consequent increase in labor 
cost and superintendence; and 
dust production. Where ore 
haulage takes place on several 
levels, the output is usually sent 
to one crusher by long steeply 
inclined chutes through which 
ore travels by gravity. At 
Homestake (see below) the 
working levels extend 1500 to 
1800 ft. vertically, necessitating 
3 crusher levels, to save exces- 
sively long ore passes and 
excessive loss of elevation of the 
ore. The disadvantages of this 
arrangement are the multiplica- 
tion of initial crushers and their 
wide separation, with the attend- 


ant multiplication of labor and difficulty of supervision. 


They 


Stopes 
Mine cars 
Winzes 
Grizzly, 6-in! spaces (a)(b) 


(+) ) 


Underground 


Apron feeder (a)(c) 
36x48-in. jaw crushers, set 4%-in. (a)(d) 
7500-ton ore pocket 
7-ton skips 
Grizzly, Shin. spaces (e) 
o 
Bin 
2 apron feeders 
4 @ No. 6 gyratory crushers, set 3-in. 


36-in, conveyor (f) 


Revolving screen, 3-in. round openings 
ct & 


o) 


Surface 


@ No. 6 gyratory crushers, 2-in. set 


Shuttle conveyor 
Ore bin (g) 
Mill-tramway cars 


a, One each at 800-ft., 1400-ft. and 2000-ft. 
level, (See Fig. 17.) 6, Made of 6-in. steel shafting 
on cast-iron supports. c, 5 ft. wide X 5 ft. 3 in. 
long. d, Frame, semi-steel, cast in halves which 
are held together by keys and heavy steel bands. 
Motor, 125-hp., 720 r.p.m., 2200-volt, slip-ring type. 
Lenix drive. Crusher capacity, about 200 tons per 
hr. e, Hard cast-iron wedge bars, 6 in. deep, 114 
in. wide at top and 1 in. at bottom. f, Magnetic 
head pulley. g, 100 ft. long, 20 ft. wide, 60 ft. high. 


Fie. 16.—Homestake Mining Co. 
At the Lebanon plant 
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of Beranenem Stent Co. the primary crusher is placed at the bottom of 
the open pit and crushed product hauled away through a tunnel. Fig. 18 
shows the flow-sheet, with under- 


Crushing room ground crusher in an open pit at 


Chute ; s a 
800 Level sid gaa the CornwaLt mine (88 J 725 
Section Grizzly —\ | LA See [1909}). At the CREIGHTON mine, 
loakiing ‘ ‘ Lenix drive Ontario (99 J 192) a 30 X 42-n. 
et Baten jaw crusher was installed on the 
lowest level, arranged to be fed from 
ote : : = 

zs This section this and the upper levels, as shown 
a = — prise in Fig. 19. Another arrangement, 

§ through 7 right = ne 
Se Se andlautteh cannot used at Crown Mines, Lrp., on the 
= to the section Rand (96 J 118), is shown in Fig. 20. 
Picea. Coe” shoun below, Homestake Mining Co., Lead, 

= S! Ds: Fig. 16. -°@22°P 5392) 
is pera: Ore: Hard quartz and slate. 


Summary. Receiving bin (ore 
pass). Jaw crusher from 30- to 4.5- 


Skip Wading room in. ; gyratory crushers from 6- to 
3-iIn.; gyratory crushers from 3- to 
Section looking south 2-in. Open circuit. Conveyor and 


skip transport. 


~™ 7000 Level 


6. Stage crushing 


Fie. 17.—Underground crushing station at 


It is an axiom of modern crush- 
Homestake. 


ing practice to perform the reduc- 
tion in size from mill feed to final tailing in stages, irrespective of the demand 
for stage crushing imposed by metallurgical requirements. Experience has 
taught that this makes for 
economy, both in power 
consumption and mainte- 


Steam shovel pit 
50-ton ears 
Crusher-feed pit in bottom of main pit 


nance. Argall recommended 9-ft. roller feeder 
a maximum reduction ratio 1@ Henle seca set 16-in. 
of 4 to 1 for breakers, e.g., pesado 


70-ton automatic skips on 45° incline 


8-in. to 2-in. maximum size, 175-ton head-frame skip pocket 


and condemned the use of Roller feeder, squirrel-cage type,4-in. spacing 
stamps crushing from 2-in. ) () 
to 0.02-in. (100 : 1) as very Grizzly, 4-in. spacing 


inefficient. Hepointedout 
that certain machines are 
best adapted to work within 
a given range of size reduc- 


tion, ¢.g., breakers down to 2 @ 5x15-ft. revolving stone screens, 7.28-in. rd, holes 


ee | 
7 @ 48x48-in. corrugated rolls, set 10-in. 
7 @ 48x48-in. corrugated rolls, set 4-in. 


2-in. and rolls for the next &) iy 
step but not for coarser an oe 
i pase Roller feeders Rolier feeders 


material. Barring occa- R.R. cars 
sional exceptions, such as 
the greater efficiency of Fic. 18.—Coarse-crushing plant, Cornwall mine. 
Chilean mills on 34-in. feed than on 14-in. feed or finer and of tube mills or 
Y-in. feed as compared to 10- or 20-mesh, the smaller the reduction rati 
down to, say, 2 v1, the greater the efficiency of the machines. In coarse 
crushing plants this fact has been long recognized; reduction ratios in a givel 


RR. ‘cars 
—  Y 
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; 


machine rarely exceed 4 : 1, except occasionally in case of the primary breaker, 
and are generally less than 3 : 1. 

Closing the circuit on a coarse crusher results in making it work through 
too great a range of initial sizes and imposes an additional task that could 


Pump, house From water 
Lp tank 


| Water line to 


10"Grizzly 
> Chute E94; | bearings and 
‘ he, 5) £2 pitman 
E Ship ; 
:; | Ly Header for 4 - 
eaina ey | 5 chai | hose connections 
‘ 1g jloor = 4, Feeding 
adder to e 
pales chute Heavy 
witches motors py ice tongs 
Ore pass to%,, an Level floor Frame 
higher levels, A 


capacity 750 tons’ 


Grizzlyq to 10-inch ; 
é Movable Pit 
Crusher chuteS lock pocket Va ve 
Bottom floor! YF g Cap.46 tons 
2 @ 18-in. O49" 30" Detail arrangement of crusher feed-chute 
Rk Jaw crusher 
x < Wheel for 


Hand lever for 3 holding pocket 


pocket gate 


~ Section , 
General Arrangement 


Fie. 19.—Underground crushing station at Creighton mine. 


be much better performed by a crusher adapted particularly to breaking the 
material returned, hence coarse-crushing circuits are closed only when neces- 
sary and then only with respect to the final crusher. This requires more 
crushers, but the crushers work more efficiently, 
screens and transporting equipment are reduced in 
number and amount, and overall economy is in- 
creased. ‘| : 
Sending natural feed to a crusher results in giving © 26 Grizzlies ar 
it material that it is not adapted to crush and increases | 2 
wear and power consumption, therefore undersize is repo clies > FP 
usually screened out ahead of crushers except where beet = 2 
this would cause too great complexity of design. 
When rolls are used in fine-intermediate crushing, 
say, to produce 10-mesh roughing-table feed prior to 
flotation, an apparent exception to the rules against 
large reduction ratio and closed circuit is found in 
the practice of feeding material as coarse as 1-in., 
setting the roll faces close and building up a large 
return circuit with ascreen. But this is done in order 
to establish a condition of choke-crushing, otherwise 
impossible to attain with any degree of economy, 
and, as a matter of fact, such rolls are to be considered 
as grinders, in which larger reduction ratios are desirable than in coarse and 
intermediate crushing. Stamps were for many years looked upon as fine 


Fie. 20.—Crushing sta- 
tion on 13th level, Crown 
Mines, Ltd. 


x 


246 


grinders, and experience seemed to show greater economy in crushing br 
say, 16-to 20:mesh sereen, if the feed was 1- to 2-in. maximum size than ifit 


Table 3. Classification ef common erushing machines 


| Maximum Missaonue 
| feed, product (@) 
; inches 
t Bd ; Din. (ea 
Gyratory crusher . | Rd | Mine) 
Reduction gyratery, ES Sfin.(e) 
tS ee. Seer . 445 : Sein. (a) 
Rolls Gmoeth-face)) 3s : 1Qmesh 
| Stammpac cit. .... 55 Lg-2QE | Kin. to Imesh 
| Read mills... 22... ’ 1 } ite Smesh 
Ball mills... .. ..... 3 6S to 00-mesh 
Pebble mills... ... Xs 68> to S0Q-:mesh 


@ Meaning the size of the Inrgest particle im the 
product when the particular type of machine is set to 
erush as small as is economically desirable. Where a 
range of sizes is Indicated the machine is suited to the 
production ef any maximum size within the rang. 5 
Im a 6 X St-in, machine. An Si X 1LADin. machine 
is advertised by ane maker but none has been built. 
e This size does not, of course, correspond to the feed 
size in the preceding column, but to a smaller machine, 
Finer crushing in this machine may be justified on 
the ground of simplicity er cheapness, in small plants. 
@ This is the minimum dimension of the “argest particle 
thats No. 27 machine (in. gape) willtake. Machines 
of Tin. gape are advertised by one maker but none 
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XS} to Sgan. or finer. 
with the introduction of tuk 
mills it was quickly an 
clearly demonstrated — thi 
the two machines in seri 
were more economical in pr 
ducing fine material ths 
stamps alone (and, until 
work af Davis, e al. (PF. 
S38; see also See. 4, Art. | 
than either alone) so th 
stamps were relegated to # 
position of fineintermedia 
erushers, breaking from 2=: 
S-in. maximum to 1 or 4 
in. and the balance of # 
crushing to 0.01-in. and fin 
is done in tube mills. Day 
(see See. 4, Art. S) has de 
nitely proved experimental 
the advantage of stage crus 
ingin ball milling. A simil 
conclusion has been reach 
at every plant where caref 
comparison of I-stage es. mm 


has been built, a 3 

Uple-stage reduction from 
or Sin, maximum to flotation feed (0.2-mm.) or finer has been made. Tak 
3 gives the range of sizes through which the different common crushi 
machines are used. 


CRUSHING MACHINES 


Classification ef crushers. Coarse cRUSHERS are thos that take ru 
of-mine ore and discharge material much coarser than ordinary concentrati 
Se, Fine cacseers ot earxpers discharge products crushed to concentr 
ing Si#e, usually 2-mm. or under. InrsR meprate CRUSHERS are thos install 
between the coarse and fine crushers in a mill. This latter designation 
based rather upon the place of the machine in the mill flow-sheet than up 
its characteristics as a crusher. 

Coarse crushers are built large enough to take any rock that can 
handled by a steam shovel and the term is used also to deseribe crushing 2 
chines, the feed to which is not, in general, less than S-in. They are of fe 
_— types, (@) Jaw crushers, (6) gyratory crushers, (¢) disk crushers, & 
(@) TOUS. 


J. Jaw crushers 


Jaw crushers consist essentially of two crushing surfaces set nearly ¥ 
tically, one fixed, the other movable and caused to alternately approa 
and recede from the fixed surface. The best-known types are the Bhi 
with movable jaw pivoted at top, and the Dodge with movable jaw pivet 
at the bottom. Mill crushers are almost without exception of the Blake ty 
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Blake breaker (Fig. 21) consists of a main frame (a) carrying a fixed 
jaw (b) and a movable jaw (c), the latter pivoted at the top on the swing-jaw 
shaft (d). The movable jaw is caused to oscillate by the action of toggles (e) 
and pitman (f) actuated by the eccentric (g) through the medium of pulleys (h) 
mounted on the drive shaft. One pulley only is used on small crushers. The 
movable jaw is held up against the toggles by tension rod (7) and spring (k). 
The rear toggle is seated against adjusting block (/). The horizontal position 
of the rear toggle seat is changed by raising or lowering the block (m) by 
means of the bolt shown, thus de- 
termining the distance between 
the fixed and movable jaws. The 
throw of the swing jaw may be 
varied slightly by raising or lower- 
ing block (1). Heavy fly-wheels 
(n) are mounted on the drive 
shaft for the purpose of lessening 
the intermittent character of the 
load on the prime mover. A jaw 
erusher breaks rock only during 
that half of each revolution in A 
which the movable jaw isapproach- Fic. 21.—Blake jaw crusher. 
ing the fixed jaw; during the other 
half revolution the only work done is that in overcoming friction. With- 
out fly-wheels a driving belt flaps badly and there is a tendency for the 
prime mover to run away on the unloaded half of the revolution while it is 
subject to an enormous power draft on the loaded half. Fly-wheels average 
the load by storing energy during the unloaded half of the revolution and 
returning it during the loaded half. Table 4 presents essential data con- 
cerning Blake crushers, taken from manufacturers’ catalogs. For most sizes 
the figures given have been checked against operating data and found to be 
conservative. 


SS 


ESS 
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Main frame must withstand constant vibration and heavy shock loads which produce 
tensile stresses around the mouth and near the base and compression under the main bear- 
ings. There is considerable racking strain due to uneven loading of the jaws. In small 
crushers (up to 15 & 30-in.) the frame is usually made in one piece, of cast iron (tensile 
strength, 20,000 to 30,000), cast semi-steel (28,000 to 35,000), or cast steel (60,000 to 75,000). 
[n large crushers a cast-steel frame, thoroughly annealed, is made in four pieces, two ends and 
wo sides. These pieces are fitted together with carefully machined tongue-and-groove 
oints and secured by heavy bolts and tie-rods of high-carbon steel (100,000 to 150,000 
ensile strength) put in hot. Castings are heavily ribbed to give strength, while allowing 
onsiderable saving in weight. The principal tensile stresses are longitudinal and the 
ongitudinal tie-rods are made sufficiently heavy to withstand these stresses without aid 
rom the sides of the frame, Bearings for the pitman and swing-jaw shafts are best cast 
ntegral with the frame to aid in shaft alignment. The sides should be strengthened at 
hese bearings by ribs, and in addition, by cross tie-rods or by collars set in grooves or 
crewed onto the shafts. In the largest crushers the side pieces are sometimes made in 
wo parts, split horizontally and fastened together with bolts of alloy steel. Cast-iron 
nd semi-steel one-piece frames are sometimes reinforced with steel, shrunk on around the 
aw openings and base. The Catumer anp Hecra-typx crusher has a one-piece ribbed 
rame reinforced by 3 @ 5-in. longitudinal bolts each side, 3@ 4-in. bolts across the front 
nd and 2 @ 4-in. bolts across the rear end. By-this expedient the weight of a 24 * 48-in. 
tusher is kept down to 80,000 Ib. 

Swing jaw is subjected almost entirely to bending loads. Itis made of the same material 
8 the frame, and, in large crushers, is similarly ribbed. It is shrunk or otherwise rigidly 
astened to the swing-jaw shaft in order to bring the movement into bearings that are readily 
ecessible for lubrication. The face of the jaw is machined to give an even bearing for 
he jaw plates. Some manufacturers make removable toe plates for the swing jaw so 
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Table. 4. Blake-crusher data from manufacturers’ catalogs 
Size of Approximate capacity in tons per hour to sizes stated, inches 
receiving 
opening, 
inches Size | Tons Size | Tons Size | Tons Size Tons |/Size| Tons 
7x10 0.75) 1.5-2 1.0 2.5 1.5 a 2 536 ibe ad alban 
9X15 1 5-6 1.5, | 5.5-11}) 2 8-10 2.5 |10-12.5 Cpe tee, 
10X20 Ts5, |) 10-15 2 15-17 2.5 |17.5-22)) 3 20 : a fee 2 Ee 
12X24 1.5 20 | 2 20-30 2.5 25 3 30 4 35 
15x 24 1.5 15 2 17-24 2.5 25 3 30-33 4 |37 .5-45 
15X30 2 20-27 3 35-40 4 45 5 SO. AW oes. Ale ee 
18 X 24 2 24 2.5 30 3 35 Zi TO! lila Sy | ree rea 
18 X30 2 25-35 3} 37-45 4 45 5 50 i 80 
18 X36 2 40-45 2.5 | 30-50 3 39-55 3.5 50=60 Co Bie See 
24X30 1.5 35 2 40 2.5 45 3 50 % 90 
24 X 36 2 25-50 2.5 | 38-55 3 41-70 4 60-90 5 | 75-105 
30 X 36 2.5 48 5 90 6 105-120|| 7 125 OSs oe ba ee 
30 X42 3 60-72.5]| 4 90-115]| 5 110-145)| 6 120-175 8 235 
30X48 4 100 5 120-125}| 6 150-190)|| 7 225 ya iiiteratt Ae See 
30X72 4 150 5 180 6 SO SARA ta Se. yee cst | otis 
36 X42 4 76 5 108 6 144-175]|| 8 235 10 290 
36 X48 4 100-130}| 5 130-165)| 6 150-200) 8 260 10 325° 
42x48 5 118-140]| 6 150 8 260 10 320 Toa. ae 
42x60 5 175-185}| 6 225 1 245-260]| 9 320 16° 350 
48 X 60 5 175-180}| 6 175-235}| 8 230-450|| 9 290 10 |320-713 
48X72 6 210-246]| 7 315 8 280-360)/10 350-450" eo Oc) oe 
60 X 84 6 380 ve 285-375]| 9 360-—500}|10 450 11 |495-625 
66 X 86 8 330-510)| 9 420 10 415-778)|12 495-1110]| 13 600 
84 X120 |10 1340 |/12 1970 |\14 284 Opal teeB Al erate lear. leet 
Size of R.p.m. Hp. Weight, pounds Tons pet 
receiving horse- 
opening, ; power- 
inches Range | Average| Range | Average Range Average | hour (c) 
7X10 250-300 275 7-8 (hes) 6,000— 8,400 7,250 0.33 
9x15 250-300 275 10-15 EQED 7,500— 16,900 15,000a| 0.66 
10X20 250-300 275 14-20 16 8,800-— 22,300 19,500a| 0.81 
12 24 250-300 275 20-25 22.5 22,600-— 45,000 24,0006) 1.11 
15X24 250-300 275 25-32 29 15,000- 33,000 31,500a| 0.86° 
15X30 250 250 35-55 43 17,000-— 40,000 39,000a| 0.70 
18 X 24 230-300 260 30-40 35 32,700— 54,100 41,200 1.00 
18 X30 240-300 266 40-55 47 41,500-— 55,500 48,300 0.87 
18 X36 225-300 262 56-65 60 59,009— 63,000 61,000 0.78 
24X30 250-300 275 50-65 58 57,000- 67,000 61,000 1.15 
24X36 180-300 231 60-80 72 56,000-100,000 74,500 1.04 
30 X 36 200-300 250 60-80 72 58,000- 85,000 74,500 1/25 
30 X42 175-300 225 90-115} 104 62,500-130,000 |116,500a) 1.23 
30X48 175-300 225 100-225} 112 92,000-189,000 | 121,500 1.09 
30X72 175-195 185 150 150 120,000-162,000 | 138,000 1.10 
36 X42 175-300 187 90-115] 105 93,000-131,000 | 113,000 1.43 
36 X48 175-300 229 100-150 | 128 95,000-215,000 | 156,000 1.37 
42x48 150-250 181 110-150} 134 155,000-218,000 | 173,000 1.53 
42X60 125-250 183 140-165} 152 180,000-—227 ,000 | 199,000 1.66 
48X60 125-200 154 90-200 | 190a 205,000-245,000 | 221,000 1.79 
48X72 125-150 133 150-215 | 186 240,000-257,000 | 246,000 1.72! 
60x 84 80-100 91 100-300 | 246 415,000-500,000 | 456,000 1.83 
66 X 86 80-90 85 275-300 | 288 460,000-680,000 | 550,000 2.43 
84 X120 Om wtlisccat ae 500 eknad e+: 845/000 Diva tie ie taeee & 5.68 


a Excludes one exceptionally low figure. 


ratio, 6: 1. 


b Excludes highest figure. e¢ Reductio1 
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that they can be replaced when worn, this being the only part of the swing jaw that is 
subjected to excessive wear. 

: Pitman stresses are almost wholly tensile. In all but the smallest crushers the pitman 
is made of cast steel, thoroughly annealed. Every attempt is made to make it of the least 
weight consonant with the required strength. This end is ordinarily attained by the use of 
a heavy ribbed casting of box section, but one manufacturer makes a cast-steel cap and a 
toggle support separately and joins them together with wrought-steel tension rods. Several 
manufacturers of large crushers support the pitman on a nest of springs resting on a heavy 
cross-head on the frame. This reduces friction and consequent heating of the bearings, 
thereby saving power and lubricants and lessening or eliminating the necessity for pitman 
cooling. At Catumer anp Hxcxa (100 J 11) substitution of a spring-supported pitman 
for the old style reduced the power consumption on a given crusher 
from 29 to 16 hp. Bolts holding down the pitman cap should have 
fine threads to aid adjustment. 

Toggles are subjected to compression only. The ends of the 
toggles, rolling or sliding in the toggle seats, are difficult, if not 
impossible to properly lubricate, and since substantially the full 
crushing force is concentrated here they must be specially hardened 
to resist wear. Toggles are made of cast iron in small, cheap crush- 
ers. Small crushers of better grade have cast semi-stecl or steel 
toggles with chilled ends. Large crushers are fitted with cast-steel 
toggles with chilled ends or with toggles made of alloy steels. In 
many crushers the rear toggle is made the BREAKING POINT to relieve 
strain when steel gets into the jaws. In some cases this is accom- 
plished by splitting the toggle along a diagonal plane as in Fig. 22 Fie. 22.—Split tog- 
and riveting together with just enough metal to withstand all ole for jaw crusher. 
normal strains, but insufficient to stand an excessive load. At 
TALISMAN mine, N. Z., six l-in. rivets in a 16 X 10-in. crusher sheared with a hammer 
head. At Lyreru Comstock, Mt. Lyell, twelve l-in. rivets were used in a 12 X 20-in. 
erusher. Some manufacturers make the rear toggle itself of such light section that it fails 
when excessive load is applied. 

Life of toggles varies from 90 days to several years, the majority less than a year. One 
mill reports the use of toggles with replaceable ends, and change of ends necessary after 
4 to 6 months. 

Toggle seats are subjected to the same wear as toggle ends, but are less easily replaced 
and hence greater care is taken to insure long life. In small crushers they are made of hard, 
high-carbon steel; in large crushers of man- 
ganese or chrome steel. Irom its properties, 
a chrome steel containing 1 to 2 per cent. 
chromium and about 1 per cent. carbon, 
hardened, should be the best possible material 
for this service. A rolling toggle, such as 
illustrated in Fig. 23a, with chrome-steel 
toggle-block and liners should be superior to 
any form of sliding toggle such as illustrated 
in Fig. 23b. 

Life reported in the mills ranges from 
90 days to several years. Manganese-steel 
(a) blocks on large crushers under fairly heavy 

a load lasted from 1 to 2 years. 
Fig. 23.—Toggles and toggle seats. Shafts are subjected to enormous bend- 
ing stresses and should be of large diameter 
to prevent deflection and consequent heating of bearings, as well as to guard against break- 
nge. In all high-grade crushers they are made of best quality high-carbon steel forgings, 
heat-treated and tempered, then turned and polished. é ‘ 

Bearings are heavily loaded even when the crusher is running light. They should, 
therefore, be of large diameter and as long as possible. In one-piece frames the bearings 
should be cast integral with the frame to aid in proper alignment of shafts. When frames 
ure cast sectional, proper alignment is obtained by the use of ball-and-socket bearings. 
The pitman-eccentric bearing is water-cooled in all good crushers except those in which 
the pitman js spring-supported. The pitman-shaft end bearings are often hkewise water- 
sooled in large crushers (30-in. opening and upward). The best quality of hard babbitt 
s used. ! 

Fly-wheels are subjected to heavy strains by reason of the rapidly and greatly varying 
oad on the crusher and must, therefore, be built especially strong. They are usually made 
of cast iron or semi-steel. When cast in one piece special precautions must be taken to 
ngure against cooling strains. Some manufacturers cast rim, hub and arms separately 
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and thus eliminate shrinkage strain. One manufacturer keys the fly-wheel to the shaft with 
compression keys that allow slip with overloading, but this is probably an unnecessary 
precaution so far as fly-wheel breakage is concerned and insufficient provision as a breaking 
point to save the crusher bearings in case of entrance of tramp iron. Rims on all large 
crushers are cored for pockets to allow barring over and are crowned when the fly-wheels 
as drive pulleys. 
ies a caresses mee the end of the shaft is marked with an arrow to show the 
position of the eccentric and thus make it apparent which way to turn in order to ease 
n the crusher is clogged. 
pr “bee Goat of sviaer steel is highly important. Harder (115 J 314) tested parts 
of jaw and gyratory crushers and rolls that had failed in service and found in~all cases 
that the tensile and impact strengths, toughness and hardness were markedly increased by 
simple heat treatment. : 2 
Drive of small crushers is by a single pulley carried on an extension of the eccentric 
shaft or bolted to a fly-wheel. The usual practice is to use two pulleys on crushers witl 
greater than 24-in. width of receiving opening, if drive is from a counter-shaft, but whet 
direct belt drive from a motor is employed, one pulley only is used. At CREIGHTON mines 
Ont., a 30 X 42-in. crusher is driven by two 100-hp. motors. The principal objection tt 
single-pulley drive is the unbalanced side pull on the bearings. This is not serious, if th 
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Minutes 
Fic. 24.—Power draft of 18 X 36-in, Blake jaw crusher, 


shaft and bearings are properly designed. In some large crushers the fly-wheels are replace 
by extra-heavy flanged drive pulleys or rope sheaves, in some cases counter-weighted t 
balance the pitman. lLenix system is frequently used for driving crushers of all size 
When two drive pulleys are used, each should be sufficient for independent drive. Pulle 
dimensions are generally based on transmission of 1 hp. per inch of drive belt traveling ¢ 
1000 ft. per min. Installed horsepower is generally well in excess of that actually used, } 
order to take care of the starting load. One mill reports a 150-hp. motor installed on 
24 X 36-in. crusher drawing 186 hp. at starting and 92 hp. running under regular loa 
Tests at WITHERBEB SHERMAN AND Co. mills (Fig. 24) indicate fluctuations from 19 to 3 
hp. within a minute in the power draft of an 18 X 36-in. crusher running under full loa 
(185 r.p.m.; 8- to 10-in. max. size of feed; —4-in. product; 102 tons per hr.). Crushe 
must, therefore, be over-powered, if serious speed reduction and clogging are not to regu 
from peaks in the power draft. 

Lubrication of jaw crushers is difficult on account of the great pressures on the bearing 
and the large amount of dust and grit present. All well-built crushers use forced feed . 
either grease or oil. Because of the way in which exuding grease forms a collar that exclud 
dust and grit, most manufacturers use grease fed by means of compression cups with aut: 
matic or manual feed. Some crushers are fitted with compression feed to the under sic 
of the pitman-eccentric and pitman-shaft bearings and large grease or oil reservoirs on tc 
for gravity feed. Toggle seats are most difficult to lubricate and that design of toggle an 
seat is best that minimizes the need for lubrication. 

Consumption of lubricant as reported by various mills is shown in Table 10. TI 
enormous differences are apparently due to differences in crusher duty. High consumptic 
of lubricant corresponds to heavily loaded crushers and vice versa. 

Jaw plates. The principal wear on the crusher comes on these and on the cheek plate 
They are, therefore, made replaceable. Further, wear on the jaw plates is uneven and i 
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order to lessen the amount of metal discarded in the form of worn plates, they are made 
reversible In the case of large crushers with sectional jaw plates, they are also made 
interchangeable Thus in a small crusher, when the jaw plates become worn at the throat, 
where wear is greatest, they are turned end for end and their life is practically doubled. 
When plates are sectionalized horizontally, two wears are added for each such sectionalizing, 
When the form of surface corrugation permits, further increase in life of plates is gained by 
also sectionalizing vertically, when four wears at the throat can be had from each section. 
In addition to longer life, sectionalizing makes for ease in handling, which is a great advan- 
tage in large crushers. Materials used for jaw plates are chilled iron, white iron, high-carbon 
cast steel, forged steel, manganese and chrome steels. The great majority of plants use 
manganese-steel plates. This material is particularly fitted for such service on account of 
the fact that it is tough and that surface abrasion produces rapid and marked surface 
hardening. One special form of jaw plate is made of forged and rolled chrome-steel bars 
cast-welded into a back of open-hearth steel and subsequently tempered. This gives a 
hard chrome-steel crushing surface, while the untempered back is tough and resists cracking. 
Chilled steel wears unevenly because it is initially unevenin hardness. CALUMETAND HEcLa 
uses chilled cast-iron plates for crushing soft amygdaloid and manganese steel for the hard 
conglomerate. The main frame and swing jaw are carefully surfaced to give full, even bear- 
ing to the jaw plates, or the plates may be backed by zinc or hard babbitt. Plates in small 
crushers are usually wedged in; those in large crushers are bolted in. One maker places a 
buffer plate between the wearing plates and frame to take up any wear on frame due to the 
abrasive action of grit, in case the liner plates loosen and vibrate. 

Life of jaw plates varies according to material used and service required. (See Table 10.) 
Three to six months is an average life for manganese-steel plates in ordinary service. One 
plant reports 40 days’ life for manganese-steel plates in an 18 X 30-in. crusher handling 
1500 tons per 24 hr. of hard granitic ore. Another reports two to four years for plates 
of the same material in a 86 X 42-in. crusher handling 4000 to 5000 tons per 24 hr. of hard 
slate with some quartzite. The consumption of manganese steel, including waste on 
rejection, is from 0.01 to 0.06 lb. per ton of rock crushed. The consumption of chilled iron 
in small crushers ranges from 0.02 to 0.2 Ib. per ton and averages about 0.1 lb. per ton. 
Johnson (101 J 907) gives the following comparative figures on chrome and manganese 
steel in the same service: chrome stcel, weight of plates, 921 lb.; cost f.o.b. mill, $96.93; 
life, 70,206 tons; manganese steel, weight, 740 lb.; cost, $72.62; life, 86,478 tons. It must 
be remembered that manganese steel, as well as all other metals, varies markedly in grade 
and wearing qualities. Waterhouse (38 Aa 107) cites a set of manganese-steel jaw plates 
of Sheffield manufacture that served to crush 6100 tons in a small crusher against a life 
of 4500 tons for local Australian plates of substantially the same manganese content. 
Del Mar (40 MEW 687) recommends 13 per cent. Mn as the best alloy. 

The time required to change jaw and cheek plates is from one to three hours for crushers 
up to 24 X 36-in. One mill using a 36 X 42-in. crusher reports 
eight hours to make a change of plates. 

The crushing surface of jaw plates is madeina variety of forms. 

For fine crushing and brittle rock, plane surfaces are best; for all- 
around coarse work, a surface corrugated vertically with 90° ridges 
as shown in Fig. 25 is best, but in crushing soft, tough rock the 
ridges are likely to pulverize locally without effecting a break. A 
waved surface has the advantage of concentrating the breaking 
load without the disadvantage of local pulverization. It dis- 
enarges more readily than the corrugated, thus increasing capacity. 
It is especially suited to tough, slabby rock, like slate. Waved 
plates are used in several Lake Superior copper mills in preference 
to corrugated, since they allow mass copper that has caught to 
be freed by working sideways, which cannot be done with corru- 
gated plates. ’ 

Cheek plates take wear on the sides of the crushing opening. Fra. 25.— Corrugat- 
The materials used are ordinarily the same as for jaw plates. The ed jaw plate. 
surfaces are plane. The plates are wedged in in small crushers 
and bolted through in large. The life of manganese-steel cheek plates is the same or 
slightly less than that of jaw plates of the same material and metal consumption is usually 
less than 0.01 lb. per ton crushed. Chilled-iron plates have about one-quarter to one- 


third the life of manganese-steel. 


Adjustments of Blake crushers are, (1) width of discharge opening, 
(2) rHRow, i.e., the distance traveled in each direction by the jaw at each 


revolution of the drive shaft, and (3) speed. 
Width of discharge opening is adjusted by changing the length of the 
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toggles, changing from worn to new jaw plates, or by a wedge or shim adjust- 
ment of the rear toggle seat. Ordinarily sufficient wedge or shim adjustment 
is provided to compensate for jaw-plate wear and this adjustment is made 
from time to time as plates are worn down. Change in length of toggles 1s 
usually made only when the duty of the crusher changes and a wholly differ- 
ent size of product is desired. 

Throw, in Blake crushers, is measured at the throat. It is adjustable in 
some crushers by a device for raising or lowering the main toggle block and thus 
changing the angularity of the toggles, but ordinarily this adjustment involves 
a change in the eccentric and requires a new pitman or, at the least, a new 
eccentric. Throw ranges from about 3¢ in. as the minimum in small crushers 
up to 1 in. minimum in large crushers. The maximum throw is about twice 
the minimum figures. The principal factor determining the length of throw 
is the character of rock to be crushed. If the reck is hard and brittle, so that 
the jaws do not pulverize locally and deformation prior to fracture is not 
great, the minimum throw may properly be employed. If the rock is of such 
character that the reverse situation prevails, and there is local pulverization 
and a tendency for the rock to crack and be deformed under load but not to 
fall apart, then the maximum throw should be used. Firm quartzitic and 
acid rocks generally require only the minimum throw. Tough, basic rocks, 
highly crystalline rocks, slabby rock, and decomposed rocks in general require 
the greater throws. 

Speed can be varied only by change in the speed of the prime mover or 
by a change in pulley ratios in the power-transmission chain. Change in 
speed affects capacity and power consumption, but has no marked effect on the 
size of product. Lake Superior rock-house practice varies the speed according 
to the hardness of rock crushed (100 J 55). At Quincy, breaking soft amygda- 
loid, the speed is 140 r.p.m.; at Canumsr anp Hacua, with a feed of hard 
conglomerate, the crusher is run at 175 r.p.m. and at Copprr RANGE, crushing 
dense amygdaloid, the speed is 185 r.p.m. Excessive speed causes heating. 
At Moosr Mountain (99 J 974) a 24 X 36-in. crusher overheated when run 
at 250 r.p.m. but gave no trouble when run at 180. There was, however, an 
accompanying decrease in capacity. 

Reduction ratio is the ratio between size of feed and size of product in a 
crushing operation. The sizes considered are usually maximum sizes, although 
in some instances consideration of average sizes is more informative. Nyp 
ANGLE in jaw crushers is the angle formed by the jaw faces. Table 5 gives 
data concerning the nip angle and maximum reduction ratios in Blake crushers 
estimated from manufacturers’ data. The average reduction ratio for crush- 
ers of all sizes, with minimum setting, is 8.7; for maxiraum setting, 5.4. 
Larger reduction ratios are allowable in the smaller crushers by reason of the 
fact that the nip angle corresponding to these large ratios is smaller in these 
crushers. Maximum nip angle corresponding to the above ratios is less than 
24°. In the mills the average reduction ratio for 20 crushers ranging from 
6 X 20-in. to 66 X 84-in. size was 7.46 (see Table 10); the maximum is 18.6 
and the minimum 2.6. The corresponding nip angles range from 18° to 23°, 
the maximum angle corresponding to the largest crusher. It is to be noted 
that the above reduction ratios are those of which the crushers are capable 
according to their size and setting and not, necessarily, those under which 
they are called on to perform. In general the maximum particle of feed is 
somewhat less than the gape of the receiving opening and the average size 
of the feed is much less, The average reduction ratio is, therefore, less in 
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every case than the figure given. The nip angle increases as the jaw moves 
forward, hence, if the angle is too large with the jaws open the unfavorable 
condition is aggravated as the jaw closes. 


Table 5. Reduction ratio and nip angle in Blake crushers 


Sire of Minimum setting Intermediate setting Maximum setting 
crusher, ce 
inches Reduc- Nip Reduc- Nip Reduc- Nip 
Inches| tion angle, jInches| tion angle, /Inches| tion angle, 
ratio degrees ratio | degrees ratio degrees 
7X10 0.75 9.3 13.9 1 a Wid tS, 4.7 Li gi 
10 X20 0.75 13.3 21-1 ee 8 20.0 A eee 6.7 19.5 
15 X 24 2 7.5 2105 3 5 20.0 3.5 4.3 19.2 
18 X 30 OR Gaz 20.2 3 6 19.6 B20 laysih 19.0 
20 X 24 2.5 8 Zoe 3 6.7 22.5 3.5 yf 22.1 
24 X 36 3 8 22.0 4 6 21.0 5 4.8 20.1 
28 X 36 3 9.3 23 .4 4 i? 22.5 3 5.6 Di vale 
36 X 42 4 9 23.1 5 7.2 22.0 6 6 21.8 
4248 5 8.4 23.8 6 7 eae 8 d.2 22.0 
48 X 60 6 8 23.0 ‘ 6 22.0 10 4.8 21.0 
56 X 72 7 8 23.8 8 7 23.4 10 5.6 22.5 
66 X 84 8 8.2 23.0 10 6.6 22.2 12 5.5 2115 
84120 |10 8.4 23.2 12 7 22.6 14 6 22.4 
Average..|...... cok lle as dats (NED oe 6 .Gigals seapinurtiew sine d 5.4 


Capacity of Blake crushers depends primarily upon the character of ore, size 
of feed, and discharge setting. It is materially affected, also, by the throw, 
speed, angularity of jaws, and character of surface of the jaw plates. Capacity 
figures averaged from manufacturers’ catalogs are given in Table 4. These 
figures are based on rock such as limestone, which is easy to crush. On the 
other hand, they are generally given in terms of a feed none of which will 
pass through the crusher without breaking, while the ordinary feed to a 
crusher contains a considerable percentage of materia! that requires no breaking 
but passes directly through. Quartz, quartzitic ores, and firm brittle ores 
generally can be crushed at a rate equal to catalog figures. Tough ores, such 
as basic silicates, traps and diorites, do not crush so readily. Hersam (68 A 
468) shows that if the capacity of a given crusher on quartz is taken as 100, 
the capacity on a granite such as he tested would be 89.5 and on a trap, 83. 
Materials of low specific gravity such as coal, fibrous materials such as asbestos, 
and clayey materials, can be crushed only at rates markedly below catalog 
figures. The effect of variation in density is indicated by Table 6. The 
column headed ‘Relative volumes per hour” shows that there is a distinct 


Table 6. Effect of density of feed on capacity of jaw crushers. (A/ter Hersam) 


Relative | Relative 
Material Sp. gr. tons volumes 
per hour | per hour 


COKE MWe os. ae aks ob oe oe it lid 100 100 
(Cle) See Re. 3 eer Peres Se 1.91 170 100 
Gra Uhue ete ac eee veyerisialacen 2.66 381 159 
Stibniteim quartz... ...00..- 3.03 436 159 
Chaleocite in quartz......... 4.40 641 162 
Galena in quartz............ 6.15 950 172) 
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trend toward the passage of a larger volume of dense material through the 


crusher in a given length of time. Sticking of clayey materials may be con- 
siderably lessened by allowing a trickle of water to run into the crusher with 
the feed. This tends to lubricate the crushing faces sufficiently to allow 
the compressed material to slide forward as the movable jaw recedes and 
thus to work through the crusher. In crushing slate, which cleaves easily 
and tends to discharge from the crusher in slabs much larger in one or two 
dimensions than would be expected from the crusher setting, there may be 
considerable reduction in capacity, due to the measures that must be taken 
to prevent such discharge. 


At one plant crushing slate discharge of slabs was prevented by attaching prongs at 
6-in. intervals to the bottom of the swing jaw, these prongs projecting across the throat 
and under the fixed jaw plate. The feed to the crusher ranged from pieces that would just 
enter the 15 X 24-in. receiving opening, to pieces that could pass through without any 
crushing. The crusher was set for a minimum opening of 15{6 in. and had a throw of 1 in. 
The capacity without prongs was 25 tons per hr. and the product contained about 2 per cent. 
of slabs that stayed on a 4-in. screen. The capacity with prongs was 20 tons per hr., but 
there was no slabby material in the product. The average size of the product was not 
greatly altered. 


There is a marked progressive increase in capacity with decrease in reduc- 
tion ratio. With a crusher having a minimum throat opening of 0.24 in. 


: 5 .. and a throw of 0.21 in., erush- 
Table 7. Effect of reduction ratio on capacity ? 


Sicaw ceudkersont Ais Mexcam) ing a uniform granite of vari- 
. ous sizes, Hersam reports the 
| Size of feed, Reduction Relative tons | results summarized in Table 7. 
inches tatio per hour Capacity increases with in- 
to 4 8.9 100 crease in speed up toa certain 
2to3 6.7 170 limit although the increase is 
1 to 2 4.4 182 not a proportionate one. See 
0.5 tol 2.2 232 Table 8 
0.125 to 0.5 1.1 419 : 


| Increase in nip angle de- 
; ereases capacity somewhat, as 
shown by Hersam’s tests summarized in Table 9. Note, however, that the 
effect is small and that when the angles are near those common in practice 
(see Table 5), but little effect is to be noticed. In crushing granite Hersam 
found that greater tonnage could be handled with smooth than with medium 
or rough jaw faces and that the tonnage with medium faces was greater 
than with rough. 


Table 8. Effect of speed on capacity Table 9. Effect of nip angle on capa- 
of jaw crushers. (After Hersam) city of jaw crushers. (After Hersam) 
Revolutions Relative tons Angle of nip, Relative tons 
per minute per hour degrees per hour 
160 100 30. 100 
255 144 27 102 
304 171 20 116 
348 174 14 114 
534 179 
629 246 


Increase in throw produces marked increase in capacity, provided the 
same minimum opening is maintained. 


T = tons per br.; n = rpm; a = distance betwen jaws at bottom, 

open; b=distance between jaws at bottom, when dosed; d = vertical 
ih of jaws; € = distance between jaws at the top when dosed (width of 
Aving opening); w = length of discharge opening; 4 = sp. gr. of rock; k 
factor, varying with changing operating conditions, but averaging about 
dimensions are to be taken in inches. This formula does not 
well with practice or with catalog figures. 
An espirical formula that is relatively accurate for all except the smallest 

the largest crushers is 


0.64 
Pp Tee 
B 


eT = tons per hr; A = area of receiving opening in sq. in.; R = reduc- 
tion ratio; L = length of receiving opening, and S = width of discharge 
opening (set), both in inches. For small crushers the answer will be high; 
for large crushers, low. 

Pettormances 26 reported from the mills are presented in Table 10. 


At Lz Box No. 2 sill (114 J 1112) one 9 X% 16-in. idlowed by two 8 X% 124m. erushers 
tak very hard run-of-mine ore to 1-in. 2t the rate of 109 toms per Z4 hr. Repair cost, 
2H pa tm At Cuvecuis Misixe Co. (62 A i 22) 2 10 % i6in. machine breaks 
2 tons per day to 2-in. at 2 cost of $0.031 per ton, & which 90.045 is labor: sted forms 
bulk of the supply cost. At Taracan (14d 582) 419 % Din. machine crushes 10 tons 
kr t015im Crzsos HuitG Mo Co. (112 J 722), Midlones, Cal, uses two 11 K Bin. 
to break rum-of-saine rock to 15-in. at the rate of 600 toms per 24 hr. At Zinc 
Tis, One 12 X% Wein. erusher running at 215 rpm, breaks from 10-in. to 440. 
thé rate A 26 toms per br: one 12 Y 20-n. machine set at 2 in., fod at the same rate 
With the 4in. material discharges 2 product with the following screen analysis: 51.1 Der cont. 
ve 1m, 21.7 on Hie, 7.9 on Yr, 2.3 on 3-xam round hole and 15.5 per cent. through 3--m. 
12 J 29). At Oz10 Corrrz Co, one 16 XK 244m. machine crushes 1000 tons of hard 
Per 8 lr. to Zim. (69 J 759). At Wir Moxcan, one 16 X 24-in. breaks 6m. quartzose 
ned 1915 to 2in. at the rate of 10 to 15 tons yer hr (162 J 755). At Exceis Corvez 
“Co., an 18 % 36-in. crusher breaks 89 to 100 tons per br. through 54. mazxisnum 
pening with 2 1Dt-hp. motor G23 P 182). At Rosrzzzzy mill, Slocan, B. C229 * Win. 
nachine crashes 150 toms per day to 2-in. (114 J 678). At Exvpize Tzox asp Street Co, 
Mt. Hope, N. J, 2 24 X 36-4n. crusher breaks 25 tons per lr to 5in. (9 J 559). At Sr. 
Wiss sxp BR. Co., National plant, one 30 X 60-in. machine sct at 41, breaks 4090 to 5000 
One per 24 he. of 4+4-4in. feed: 150 rpm, 0 to 19) ip. (67 A 249). At Kexe Mexes 
iszestos Courozstios 222 % 72-in. crusher breaks 100 tons per lr. to 10-im. (112 J 67H). 
Mt Joums- Mamviriz 2 60 X 844in machine handles 2000 tons per 8 hr. to 16-4n.; nip 
mgic is held to 18° on account of the slippery character of the feed: weight “of erusher, 
W909 Ib. (118 S67). At Cunz Corrze Co. two 44m. erushers with rope drive 
re used tor 10,099 tons per day; the capacity of each is 1206 tons per hr to Wim (122 P 238). 


= 0.618, 


Power consumption per ton of ore crushed is considerably greater in 
mall than in large crushers. Up to 30-in. width of receiving opening 
GAPE) the tons per hp-hr. consumed ranges from 0.7 in the smaller sizes to 
0 in the 30m. machines. From 364n. to in. gape, the tons per lyp-hr. 
ereases from about 13 to 18. For 66-in. gape, 2.5 tons per hp-hr. is a 
rly conservative figure. These figures are all based on a reduction ratio 
f 6-1 and on a continuously busy crusher. If a smaller reduction is prac- 
ced, tons per bp.-hr. will be increased, roughly in inverse ratio. 

At Mr Mozess 2 24 % 16-im machine set to discharge at 15 to 2im. required 20 
26 hp. to crush 10 to 15 tons per br. If the crusher ran idle for any considerable portion 


3 
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Table 10, Performance 
p Federal 
Hedley Pittsburgh 
Plant G. M. Co Dolores M. & $. 
(Morning) 
Gape of receiving opening, in................. 6 8 9 
Length of receiving opening, in............... 20 12 15 
CAL ee ene SRE, Oey eee ele iat en L235: tee 3.5-4 
PATOWTAt ONOREs LL cece oe srt a thet ae Dee totes tr even ars 1 
Speed, 5 oy Oe 0 0 Ca 220 eee ee ee ee 280. 
Pons feed pore bourt, Time jesse, BLL TS 25 4,2 83.3 
Maximum size of feed, in..... ‘gains ask G8 3 of ole « somserors 6 
Apparent reduction ratio (@)................. 4 5.3 2.4 
Actual reduction ratio (6)... 0 .5..-..s5-s-- Pala eeae larseste woe rps 1.6 
Power installed pihpesis Jat. os tent. ae 25 10 25 
Poywerconsimeds Ws ace ysi cesses caueve,aidiaye, © 6 Syeie. 0) || er syelae, sco, ero || Rta E EE: Oe 20 
Tons per horsepo wer-hour, installed........... a 0.42 3.3 
Tons per horsepowier-hour,, CONSUMER. sf) 22% sme'|-—sarseters.s gejee | oes s aie ce + 4.2 
Runnine time:per 24 Hours. < oe sss =< sense ese = 8 8 18 
Lost time, average. per Cent... cms oct neces 12¢ 10¢ 1 
Lubricants, pounds per shift................. 15 0.5 2 
Life of wearing parts: 
OOP LES IC AV Sic cies aun Soyer gic eiscsts wenn Lacy lee Uh. ce eee 150 
MOOPIOTSCALS), CAV S ances eee eee ee eee CE aa aah | Mh weg oy Raert o 200 
Tawapl ates; Gavin cw sar-cleree omnis nied: + Gh. ctye 120 180 120 
Migtorialact.. ny. Sicokyeaaca: see: wed btesy. ef M Steel M 
Cheek plates! days's a. aetiwie sail Riaer eit «crs 120 360 100 
INES ontales Scent Sih, OUR Mig M Steel M 
Time required to change cheek and jaw plates, 
Se MEY, RA AAR ey OS,S, eke Rta oO AREA) nt) MERIAL ES. AS 1 
: Timber Tonopah- Butte and 
Plant Butte Extension Superior 
Gape of receiving opening, in................. 12 14 18 
Length of receiving opening, in............... 24 24 30 
Sie apie atin Hemet Cuore ous a Pitllnnarenyadsy artery 1.5 0275 1.5 
ME POMEL PROM CNED cid ok Atels. 48 Moke pirnnie susoreis ap audbake a 2ee Ceo ak bene 0.88 
SPOe Ge aTe AU ee ERs Acura wees e) crassfccstcls:-<ciatin |(oa-aseb alls 4° cl aeerss Pagteceycltenl| accth. Rees: cae 
Mons eed OL MNOMM Ske lotel opeekstsnek e's isyaxanca\eysiehags 62.5 25 62.5 
Maximum: size of feed, Iii .)i:...eyeie cists in sin ot «9 U2 eed Ed Sgsutscanae saukakeS Elles ete Oat 
Apparent, reduction ratio. (@). 3 cp ose ne oa ys 8 18.7 12 
Aetusak Tedwmetion mAOB)\S enue ce peices Garces Bo) ott wll Mavawan Genter aver | lea Seas cee 
Powerminswall Clears yr gsteasie tous Selene cops Sus PS ll erethitais bo «eee 35 50 
PG werscORsUMMeGen ED wk tere: oh. VIAL « agp aehohs cahapevehey «|! wos. coarse’ fIS-® owe Ape ss 'eod cask Aue 45 
Tons per horsepower-hour, installed...........] ....esee05 \ 0.71 1.25 
Tons per horsepow er-hour, consumed..........] .......... NP eo cass as 3 1.40 
Runnine timenpen: 24 bOurss tyartin cies caso kn sxeeec tuto csi el Sate 16 16 
WLostatiimerkavrerag Ca PerACeD Gita wes AsV suieyaiie: snd “allio Sa kee es see (WER oe PAO een ec Ee 
Lath RLOantss=pPOUNGS oP eTsS UU b cau wsTaPessie gis igus, Sas, sylh in) muspayss caveat Parma acee coe OOe 2.0 
Life of wearing parts: 
LOSSES a Vel arte Paci sves, «alo ol ersutabrsspses: =conys || Semis apa awe 180 90f 
Bi Boectea WeMa=yeroh TED Te Ein Se Ce ee Ne ee 120 90 365M 
PAW DIA bEN a UAV Ss caiess c csslatetens « oisiera et temo taee 120-180 90 40 
MateriareGiie. ns, Th ae, SU ROR Steel Ch M 
@heek ‘platesdaysel}...mrket.. . e754 de aittod BOF? walieiacy re < seallst onl three at 
IMPS PETRA Se orotate toca < Wor va pueee Aa sheseeen teas eS oy Ai ln Ww 
Time required to change cheek and jaw plates, 
La icra I Re AR ain a Rea ho BO ide 6 2 2 


a Gape + set. 


crusher. d Several years. e Stationary; 


6 Maximum size of feed + set. 
174; 


swing. 


f Cast iron. 


c For causes not chargeable to 


g Minimum, 
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of Blake crushers 


ae R. Tonopah- | Cananea U. oe R. Hedley | Tonapah- Ohi an 
(rid valley Icxtension | Consclidated (Midvale) G. M. Co. | Extension dikelfing C2 
9 10 |: 10 10 10 12 12 
1 bs 16 20 20 20 20 24 
1.5 0.75 1.5 1.5 255 3 3 
ORDA reg aan 1.5 0.5 1255 whey deat 0.75 
a ee seis Jes. ist 250 287 PAU wanes |e. Seale 250 
TERNS) 16.7 3.3 10.5 25 aGCVBVA 25 
> > Set caah ll geen hres 10 Sh ae hat 6 Peele paaltes Soa 
6 1333 6.7 6.7 4 4 4 
ernest kvaes. subvl 6.7 ee ee 2.4 bis. SPR aS SE 
20 20 25 20 25 EE a fe pe it 
LY ell agree ete 20 i Ae aan ace areca acti |<. inact eerie thea chide aesrisen 
0.4 0.84 0.13 0.52 1 OU4S RITUAL ARS... 
ORS Paleesch cieetens 0.16 0.40 peel pen aoth lpeistibties bt hatiien-< 
24 16 8 24 8 16 pie lt eae cae 2 
Qo ekg ape inye 10c 3 SIDA eR ml, le, thee sarees 0.77 
hy Wt sate os Po 1,25 By ORR hee, See ee Bae 8 ae gee ne 
200 180 90 180 d LS0 eel died AP care 
245 90 120 225 d OO — > ea Hemi aceite 
97 90 180 82 106 90 112e 
M Ch] Steel M M Ch M 
Sites [see ae 60 71 TOUTS ET, Od OT SiG Boe at 
CORAM b..0/3 BIO. f ccl IM Srminatis..otts wee Bree 
ng eS 2 1 The2o. 1 2 5 +. Aas hee 
Witherbee, Engels Hedley Witherbee, Calumet Alaska Chino 
Sherman C. M. Co. |G. M. Co. Sherman and Hecla| Gastineau C. C. Co. 
18 24 24 24 24 36 66 
30 36 36 36 48 42 84 
3 4.59 Sao 4 3 8.12 8 
0.75 1 15: 1 1 a 5 1 
125-195 260 150 233 170-189 206 80 
75 42 100 100 140 290 500 
oot eee et a | label cein se ein Aes tec 24 Te ee fan Meee eee 3. oybetds 
6 4.8 6.8 6 8 | 4.4 8.2 
Petts, SO one.gae. | asirrge- 6 acting I NE. arisen Sc a are 
35 150 75 100 50 47 300 
22.0 92 70 pre peda inkeret, Memeo @ 50 Dike, e UD s sete rcciys 
2.14 0.28 1°33 if 2.8 6.2 167 
3.33 0.46 ASOD LTE Be sive ec oa. @ 2.8 i Cy a GINS be Ee 
9 16 8 18 24 24 18 
jb i 12 iat cn reeset OC 1 OR Ae a rac Pe aS 
8 2 32 bis 7s | See Rae 5 112 
1 { 
600 120-180h d 300 180f W440 ON ARS 
1200 120-180 d 365 720M COS la ae ee 
150 720 100 300 300 TOO ick eet dipe ecie 
M M M M M DE se guards Aen tes 
300 1080+ 70 300 Ce rte Rocet. lieeieron => Oc 
f M M M M DY es PEN eee, Sore 
4 24-36 2 3 2 BUY a See 


h Removable ends. M = manganese steel, CC/ = chilled cast iron, Ch = chrome 
steel, W = white iron, 
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of the total running time, tons per hp.-hr. dropped materially. A 24 by 36-in. crusher set at 
4.5-in. minimum with 1-in. throw and capable of crushing 80 to 90 tons per hr. was run at one 
plant 10 hr. per day and crushed 42 tons per hr. Average power consumption was 92 hp., giv- 
ing but 0.45 ton per hp.-hr. Heller (99 J 399) states that the average jaw crusher con- 
sumes about 70 per cent. of its total power draft while idling, 50 per cent. is probably 
nearer the correct figure. 


Fig. 24 represents the results of a test showing the fluctuation in power 
drawn by an 18 X 30-in. Blake jaw crusher. For the second and third minutes 
practically no feed was coming to the crusher and the average power drawn 
was about 14 hp. From the fourth minute to the end of the test the crusher 
was breaking from 8- to 10-in. maximum lumps to pass a 4-in. screen at the 
rate of 100 tons per hr. with an average power consumption of about 28 hp. 
Fifty per cent. of the average full-load power is, therefore, consumed in 
running the crusher light and must be charged against tons crushed. 

Fall through the machine proper is about twice the gape. To this must 
be added the additional drop necessary to get feed to the machine and product 
away. If chutes are used, they may not safely be set at less than 45°. 


CaLUMET AND Hecta (100 J 11) uses a special crusher with 3-ft. 6-in. fall for 24-in. 
gape and 4-in. set. This has been found a great aid in freeing the crusher when mass 
copper clogs the jaws. 


Lost time. The average percentage of lost time in the mills due to causes 
chargeable to the jaw crushers themselves, such as repairs and renewals, 
clogging and its attendant difficulties, is less than one per cent. Renewal of 
jaw and cheek plates and re-babbitting of bearings are the principal causes 
of lost time. When the crusher is planned to run one or two shifts per day 
only, as is done in a majority of mills, renewals and repairs are handled in the 
off shifts. In such cases substantially no delay is chargeable to the jaw 
crushers in most plants. 

Attendance. ‘The usual practice is a man to each machine. Rarely one 
man attends two machines. ‘The principal duty of the attendant is to regulate 
the feed rate and to pick powder, steel, and waste. When the crusher is fed 
by dumping carloads or skip-loads of rock directly into the jaws no picking is 
possible, but the attendant must see 
that material does not bridge, or break 
up such jams as occur. 

Crane service. See Sec. 23, Art. 12, 
for general discussion. Less than 50 per 
cent. of mills reporting had such service. 

Feeding jaw crushers. Jaw crushers 
should be fed regularly and up to capa- 
: —. aol | city, if possible. It is well not to bury 
Oy Bo tees them, since bridging at the mouth occurs 
1Bolt I" pivdls Of Rivel) easily and this necessitates digging out 
in order to get the flow of rock started 
again. Fig. 26 shows a power-actuated 
hook for removing lumps from. the 
crusher jaws. Some such provision is an economy. Ample provision should 
be made to prevent pieces of rock from dropping into the actuating mechan- 
ism, or serious accidents may occur. 

Breaking point is provided in most coarse crushers to take care of excessive 
loads caused by introduction of material, such as metal, that cannot be 
handled, In Blake breakers the usual breaking point is one of the toggles, 


~-f he -- 105 2-- te 2a 
petit 


Fig. 26.—Hook for jaw-crusher feed- 
ing. 
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In crushers not specially provided, the usual effect of a stoppage under full 
working load with power on is either to crush the babbitt of the pitman or to 
throw the belt or both. If the belt does not throw off and there is not a 
satisfactory overload cireuit breaker on the driving motor, a burned-out motor 
will result. Recently the provision of an overload circuit breaker on the 
motor, which, in case of an overdraft of power, due to clogging, cuts off the 
power and stops the motor, has been frequent. 

Size of product. With ordinary rocks about 20 per cent. of the product 
will stay on a square-mesh screen whose aperture is equal to the average 
set of the crusher (mean between minimum and maximum throat openings); 
about half of the product will pass a square-mesh screen whose aperture is 
half the size of the crusher set. Experience at Coprmr Raner (95 J 947) 
is that primary jaw-crusher product ( — 4-in.) ig more even-sized if fines are 
not screened out ahead of the crusher, since slabs do not pass through so 
readily under this circumstance. 

Cost of jaw crushers (1925) was 9.5 to 10 cents per pound for small machines 
and 8 to 9 cents for large machines. Operating cost is best estimated from 
the data given on power consumption, attendance and wear. These items 
make up about 90 per cent. of the total cost. For rough estimates, 8 to 10 
cents per ton for small crushers to 2 to 3 cents for large are outside figures. 

Dodge breaker (Fig. 27) differs essentially from the Blake in that the 
movable jaw is pivoted at the bot- 
tom. In the original Dodge type 
shown in the figure the movable jaw 
was mounted on the short arm of 
a lever whose fulcrum was the 
swing-jaw shaft (K) and the long 
arm (B) was actuated by an eccen- 
tric (L) on the drive shaft. Ad- 
justment of the size of discharge j ; 

Wee effected by shims (S). In later Fig. 27.—Dodge jaw crusher. 
designs toggles and pitman have 
been used to actuate the swing jaw, as in the Blake type and the only differ- 
ence between the two types becomes the essential and important one of the 
place at which the swing jaw is pivoted. Sizes and essential operating data of 
Dodge breakers are given in Table 11. 


Table 11. Operating data for Dodge crushers 


Capacity, tons per hour 
Pine or Weight Revolutions | Horse- 
recelving : : sntite ne 
. . d Size, Size, per minu p 
opening, in. PAnss pik Tons ee Tons 
| 5 3 
4X 6 1,100 0.75 OG A Fi ROSE a eae ese ia 300 
6x 9 3,200 0.75 1.5-2.5 1b 3-5 250-300 4-6 
old ay HOY pabiles tok sole: “hel a | hove =e nei Les 6-8 250-300 7 
8x12 5,900 0.75 3-5 1.5 7-10 250-300 10 
11X15 14,000 0.75 6-8 1,5 10-20 250-300 15 


The Dodge breaker, due to the manner of pivoting the swing jaw, is 
forced to do its greatest work at a point on the working end of the lever 
farthest from the fulerum. This makes it most uneconomical in the use of 
power. The capacity is low as compared to the Blake by reason of the rela- 
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tively small movement at the throat. It has the further disadvantage that 
there is difficulty in nipping the material being crushed and as a result lumps 
tend to fly out of the jaws. 

The Dodge-type breaker is made in smaller sizes than the Blake and is, 
therefore, suitable for small sample plants where power consumption is sO 
small as to be unimportant, and where uniformity in size of product, caused 
by the small throw at the throat, is of distinct advantage. 


8. Gyratory crushers ‘ 


The gyratory crusher consists essentially of a fixed crushing surface in 
the form of a frustum of an inverted cone around the axis of which gyrates a 
movable crushing surface, which has the shape of a conical frustum in erect 
position. The material to be broken is fed into the downwardly-converging 
annular space between these two crushing surfaces, it is crushed when the 
surfaces approach, and the crushed material falls through when they recede. 
The machine is built in three types, known respectively as the suspended- 
spindle type, the supported-spindle type and the fixed-spindle type. The 
first is the best known and most used; the second is fast disappearing; the 
third is coming into favor and in the future will dispute the field with the 
first. type. 

The sizes of suspended- and supported-spindle gyratory crushers are 
indicated by numbers which are usually one-half or slightly less than one-half 
the gape of the receiving opening, expressed in inches. Whether the spindle 
is suspended or supported is indicated by a letter suffix to the number, 
K usually indicating suspended spindle and D supported. In the fixed- 
spindle type the number is equal to the gape in inches. Length of receiving 
opening is stated as the circumferential distance, measured along the outer 
edge of the receiving opening, between adjacent faces of the spider arms, 
multiplied by the number of spider arms. ‘This length is approximately eight 
times the gape in the lever-type crushers in sizes below No. 9 and seven times 
the gape in the larger sizes, Thus a No, 4-D crusher is of the supported- 
spindle type with a receiving 
opening roughly 8 X 64 in. and 
a No. 21-K is suspended-spindle 
type with 42 x 294-in. receiv- 
ing opening. 

Suspended-spindle gyratory 
is shown in Fig. 28. The main 
frame carrying the concaves (1) 
is made up of the upper shell 
(2), the lower shell (3), the hop- 
per (4), and the bottom plate 
(5). These four parts are rigidly 
bolted together with heavy bolts 
(6), (7) and (8). The upper 
shell carries the concaves (1) 
and the tio-armed spider (9). 
Via. 28.—Suspended-spindle gyratory crusher. The spindle (10), carrying the 


breaking head (17), is suspended 
at its upper end from the spider. The lower end of the spindle passes 


through the eccentric sleeve (12), which runs jn a vertical bearing (13) 
set in the bottom plate, Rotation of the eccentric sleeve is accom- 
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plished by means of bevel gear (1/4), bevel pinion (15), shaft (/6), and 
pulley (17), driven by belt from the source of power. The axis of the 
spindle thus suspended and driven describes the surface of an acute cone 
whose apex is within the spider and the amplitude of whose base is determined 
by the eccentricity of the sleeve (12). At the same time, the spindle, being 
free to rotate around its own axis, rotates slowly; in the same direction as 
the travel of the spindle when the crusher is empty, in the reverse direction 
when the crusher is working. Rock to be crushed is fed into hopper (4), 
and slides down into the converging space between the concaves and the 
breaking head. The pieces fall as far as their size allows, then seat against 
the crushing surfaces, where they are broken by the movement of the mantle 
toward the concaves. As the mantle recedes the fragments fall to a new seat 
and are again crushed as the mantle approaches the concaves at the point 
where they are resting. When material is finally broken so that it will pass 
the lowest annular space between the breaking head and concaves, it falls 
into the annular chute (18), in the lower shell, and discharges through chute 
(19). Dust and grit are kept away from the gears and eccentric bearing by 
the dust cap (20), resting on the diaphragm (18), which is cast in the lower 
shell, and also by the dust collar (21) placed directly above the eccentric 
bearing. Access to the gear chamber is made possible by removable doors 
in the bottom shell. Access to the eccentric bearing is gained by lowering 
the bottom plate. 


Shell is built up of heavy iron castings. The joint between the upper and lower por- 
tions is a tapered fit and is heavily flanged. The bolt holes in these flanges are drilled in 
such a manner that the upper shell may be turned on the lower shell, if desired. The lower 
shell is heavily flanged at the bottom to form a base for supporting the crusher and for 
bolting to foundations. All parts of the shell that are subject to wear are lined with replace- 
able parts. The bottom shell should be so cast that the space between the bottom of the 
breaking head and concaves and the highest point of the diaphragm or annular chute is as 
large as possible, in order to prevent clogging by slabs of rock. Discharge chute on the 
opposite side from the drive, as shown in Fig. 28, is known as STANDARD ARRANGEMENT. 
RIGHT-ANGLE DISCHARGE, with the center line of the discharge chute in a plane at right 
angles to the axis of the driving shaft, is furnished if desired. With such discharge, a 
RIGHT-HAND CRUSHER is one in which the driving pulley is on the right when the discharge 
chute is faced; a LEFT-HAND CRUSHER is the reverse of this. 

Bottom plate is made of cast iron, heavily ribbed, in order to furnish a strong and rigid 
bearing for the gear-driven eccentric sleeve. It is so bolted to the flange of the lower shell 
as to allow it to be dropped in the foundations by means of long threaded bolts depending 
from the lower half of the shell. A track is provided in the foundation on which the bottom 
plate may be slid out to one side after dropping, to facilitate work on the gear and eccentric. 

Hopper is made of cast iron heavily ribbed. In the larger crushers it is sectionalized 
so that only the inner ring need be removed in order to allow removal of the spider. In 
most crushers the hopper is so arranged that it is not necessary to remove it in order to 
remove the concaves; in others the inner section of the hopper projects over the concaves, 
the argument for such construction being that it lessens bridging of rock above the crushing 
zone. In large crushers the hopper is lined, usually with cast-steel sectional plates. 

Spider is made of cast iron in small crushers and of cast steel in the largest crushers. 
Since it carries the fulerum of the crushing lever and is two-armed only, it must be very 
heavy and be strongly bolted to the top shell in order to prevent overturning or breakage 
under lateral stresses. It should be so shaped that it forms an arch over the receiving 
opening of such height that the largest piece of rock that can enter the receiving opening 
can pass under it freely, if bridging and clogging of the crusher are to be prevented. In 
some crushers the base of the spider is a continuous ring forming the inner circle of the 
hopper, but such construction results in more breakage than when the spider is not an 
integral part of the hopper (113 P 336). Sometimes the spider arms are broadened out 
at the ends to give a large base for secure bolting to the upper shell. Spider arms should 
be protected by wearing shields unless the crusher is so fed that only occasional particles 
of rock come into contact with them. 

Spindle or main shaft is the lever by means of 
through the eccentric bearing is applied to the rock. 


which the crushing force transmitted 
It must, therefore, be of great strength 
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and capable of withstanding a continuous succession of shock loads. It is made in most 
crushers of hammered, open-hearth steel, specially heat-treated, turned and polished. 
For extremely heavy work it may be made of special alloy steel. It is usually made to 
taper toward both ends, thus giving maximum cross-section and strength at the point 
of greatest stress. One maker hollow-bores the spindle in order to remove any defects or 
cracks due to the original forging, that might work outward. Threads are cut at the 
upper end to accommodate the adjusting nut and also at a place near the upper end to 
accommodate the nuts that lock the mantle. Key seats are ordinarily cut under the 
breaking head and adjusting nut. 

Suspension bearing is of different detail in different makes of crushers, although of 
the same principle in all. The underlying idea is to bring the suspending surface as_near 
to the point of no-movement as possible. In the suspension 
bearing shown in Fig. 29 asteel sleeve (a) held in place vertically 
by the adjusting nut (b) rides on the wearing ring (c) within a 
wearing sleeve or bushing (d), both carried by the spider. Ad- 
justing nut (b) can be keyed into any desired position on the 
shaft. 

Eccentric sleeve transmits the crushing foree to the lower 
endof the spindle. It therefore works under high pressures and 
should have as large a bearing surface as possible. In all 
crushers the sleeve is carried in a well in the bottom plate. In 
most makes the eccentric is babbitted inside and out with special 
hard babbitt; in one make, bronze bushings are substituted 
for babbitt. The inner surface of the bottom plate surrounding 
the eccentric sleeve is bushed. The gear is keyed or riveted to 
the eccentric sleeve. The eccentric sleeve rides on a wearing 
ring of brass, bronze, or steel. In most crushers the eccentric 
sleeve has cylindrical faces, but in one make the inner face is 
spherical and engages a spherical ball on the spindle. The argu- 
ment in favor of this construction is that it is self-aligning and 
bs E affords a greater area of contact than the cylindrical eccentric. 
Fig. 29. — Suspension Gears are made of semi-steel or high-carbcn steel, east. Pro- 
bearing for gyratory vision is made, by varying the thickness of the wearing rings or 

crusher. by adjustment of the countershaft bearing, for taking up a small 

amount of wear in gear and pinion. Fitting the main gear down 

over the head of the eccentric sleeve and keying it thereto would seem to be better con- 
struction than that in which the gear is riveted onto the eccentric. 

One manufacturer makes a gearless crusher, in which the usual gear is replaced by a hori- 
zontal pulley (112 J 599). This arrangement allows the spindle to be driven at a higher 
speed than with gears, which is an advantage in secondary-crushing service. On the other 
hand, the drive is bad mechanically. The crusher has not had sufficient trial to determine 
its utility. 

A high-speed gyratory (109 J 194), actuated by a mechanism similar to that employed 
in the Mitchell screen (Sec. 5, Art. 7) has been exhibited in model size and in that size had 
high capacity and remarkably low power consumption. It has not, however, progressed 
beyond the experimental stage. 

Countershaft bearing is made extra long and is cast as an integral part of the bottom 
shell or may be made adjustable in order to take up wear on gear and pinion. An outboard 
bearing of the usual ball-and-socket type is furnished. 

Drive pulley in older crushers was loose on the shaft and transmitted power through 
pins to an auxiliary hub keyed to the shaft. The purpose of this arrangement was to 
furnish a breaking point. Modern crusher construction, however, eliminates this feature 
and the driving pulley is made extra heavy, with clamped hub keyed onto the drive shaft. 
In the largest crushers rope drive is sometimes used. Small crushers are belted to transmit 
one horsepower per inch of belt traveling at 1000 to 2000 ft. per min., reckoned on installed 
horsepower; the corresponding figures for large crushers are 400 to 500 ft. per min. 


Data as to the different sizes of suspended-spindle gyratories available, 
compiled from the publications of the principal manufacturers, are given in 
Table 12. 

Supported-spindle gyratory has the spindle supported on a wearing button 
(1) (Fig. 30) in the bottom plate, the spider serving merely to prevent 
horizontal movement of the upper end. The amplitude of the movement 
of the spindle on its support is greater in this than in the suspended-spindle 
type with consequent greater wear and power consumption. As a result, 
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this type is disappearing. Table 13 shows the sizes available. Weights and 
rated capacities are less than for corresponding sizes in the 
suspended-spindle type. 

A supported-spindle machine with eccentric at the upper end of 
the spindle appears in patent literature, but has never advanced 
beyond the paper stage. 

Fixed-spindle gyratory (Fig. 31) is at present made by 
one manufacturer only (Smith Engineering Works) and 
goes under the name of Telsmith breaker. It differs from 
the types already described in that spindle (qa) is rigidly 
fixed top and bottom and the movement of the crushing Pe) Soidlel in saat 
head (6) is effected by an eccentric sleeve (c) running be- ported-spihdle gy- 
tween the spindle and the crushing head itself. Discharge ratory. 
of rock is vertical; a discharge chute is no essential part 
of the crusher proper. Lubrication is effected by a pump (d) operating in an oil 
well (f), oil being thus forced by pipes to all sliding surfaces. The frame and 
spider are made of cast steel and as a result of this fact and the vertical shorten- 

ing made possible by apply- 
Sob ing the moving force directly 
under the crushing head 
rather than at the end of a 


Fig. 30.—Support 


VPS a 

Re AS GN spindle acting as a lever (as 

sf ) N y sai in the other types of gyra- 
VY, N \ AN g : tory), the weight for a given 
\4 SN Oe ani i ; size-reduction and capacity 
Se Ni oS are less than in the other 


types. 
The fixed-spindle gyra- 


tory is becoming a recog- 
nized competitor of the sus- 
pended-spindle machine. It 
acto has beeninstalled asaprimary 
or secondary coarse crusher 
in many recent plants and 
has given satisfaction. Its 
relatively small height lends 
itself to rugged construction and the short spindle cuts down the clear 
height that must be left above the machine for convenience in repair work. 
The fact that the length of stroke is the same on both large and small 
pieces is an advantage when soft, tough material is being crushed but is un- 
necessary and may be disadvantageous with hard and brittle materials. 

The sizes available and performances to be expected are given in Table 14, 
compiled from manufacturer’s data. : 


Fie. 31.—Fixed-spindle gyratory crusher. 


Concaves for gyratory crushers are made almost without exception of manganese steel, 
very occasionally of chilled iron for light service. In larger crushers each stave of the 
coneaves is sectionalized, allowing discard of one part while retaining the rest. At some 
plants the staves are sectionalized in two parts, making the upper two-thirds of chilled 
iron and the lower third of manganese steel. Concaves are supported either at the bottom 
by a sectional removable iron rim resting on a shelf on the lower shell or by means of lugs or 
ribs that are cast on the back near the top and fit into a groove in the top shell. After 
being set in place the concaves are backed by hard zine or hard babbitt poured in between 
them and the shell. Frequently the lower edge of the concaves is beveled in order to 
increase the amount of metal behind the point at which maximum crushing is done. Life 
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Table 12. Data on suspended-spindle gyratory 
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a First size under which a capacity figure is given is minimum setting. 6b Upper line, 
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crushers from manufacturers’ catalogs 
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run of mine rock; lower, oversize return with maximum size not over }4 dimension of gape. 
F = equipped with short head and concaves for fine crushing. 
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Table 12. Data on suspended-spindle gyratory 
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a First size under which a capacity figure is given is minimum setting. 
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crushers from manufacturers’ catalogs. Continued 
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Paci i Sechelt ae as 350 115-160 14-5 6.9 V2 
CCRC halle a Re ea le Pane 350 125-175 14-4 5 6.9 
320 125-200 
ee ee { oa ies ben } 14-10 6.5 6.8 
-ovsheven_ gr ltgy ate healers ice ates 350 130-180 Sens Peers 6.8 iene fas 
abr, caligtih « jn.,0. 0, sine Iegleiongt sre 300 150-250 18-1+ 8.0 6.0 
Sine Mor eeeaeet ere sc slot] pee «ip Se 300 225-280 GO CTREE 7.6 SISA ME 
ERS, Glee op RMS «iodo a wncsiig susp 275 175-275 19-5 8.4 5.5 
ES A. 5 bas ns | ge eye 2 =pe 250-300 150-350 21-9 8.7 5.4 
P2004tawO |) wey fee ye ee 200-240 250-400 29-3 9.2 5.9 
2860 3150 3432 175 300-500 34-7 8 6.9 


F = equipped with short head and concaves for fine crushing. 
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of concaves varies according to the material used. Figures from practice are given im 


Table 15. 
Table 13. Supported-spindle type gyratory crushers 
Size of Capacity, +s Revolutions Fall 
Num-| receiving | Weight, | tons per hour peony per minute Horse- through 
ber opening, | pounds | with 2.5-in. aBhioas of driving power crusher, 
inches setting pulley | feet-inches 
i} 
| 
F 2QSGL2) GSO) eer ectiirs ayes « 34 700 pe Wee | Marae eV 
0 4x30 3,850 2 34 500 3-4 3-11 
1 5 xX 36 5,900 4 1 475 5-8 4-2 
2 6X 42 8,400 6 1% 450 7-12 4-7 
3 7X45 14,480 10 1% 425 10-16 | 5-8 
4 8x 54 21,700 15 14% 400 14-21 | 7-0 
5 10X60 30,700 25 2 375 22-30 7-9 
6 11X72 43,000 30 2144 350 28-45 9-1 
7% 14x90 48,000 75 214 350 50-75 10-5 


Breaking head is, like the concaves, made either of chilled iron or manganese steel. 


Chilled-iron breaking heads are solid and keyed directly to the spindle. 


Fic. 32.—Gun-lock 
mantle for gyratory 


crusher. 


make a tight joint between the mantle and the core. 


When man- 
ganese steel is used, a soft iron or semi-steel core is keyed to the 
spindle and a mantle of manganese steel is slipped on over this. 
The mantle is held down on the core by means of some self-tighten- 
ing arrangement. Two devices are commonly used for this purpose. 
GUN-LOCK MANTLE is illustrated in Fig. 32. The core itself is keyed 
to the spindle by means of feathers in keyways (a). On the out- 
side of the core two grooves (b) are cut at 180°, and the bottom of 
the core is finished to a curve whose highest point is at the bottom 
of grooves (b). The mantle is ground to fit closely on the head and 
is cast with lugs (c) that slip down the grooves (b) and pull the 
mantle tightly onto the core as the mantle turns with respect to 
the spindle. Another SHLF-TIGHTENING MANTLE is shown in Fig. 
33. In one form the nut is made of three pieces: piece (1), pinned 
to the top of the mantle and carrying on its inner surface a left- 
hand thread; piece (2) having a corresponding left-hand thread on 
the outside to engage piece (1) and a right-hand thread on the in- 
side to engage the thread on the spindle; and piece (3) with a right- 
hand thread inside. When the mantle lousens it works round on the 
core and imparts its motion to nut (1). If the direction of motion 
is such as to cause the left-hand thread to unscrew, the mantle is 
thereby pressed down onto the core. If, on the other hand, the 
motion is such as to cause the left-hand thread to tighten, then 
nut (2) is caused to move down on the spindle, again pressing the 
mantle down on the core. With this type of mantle zinc is used to 
Some manufacturers recommend the 


use of zine or babbitt keys to prevent the solid heads or cores from turning on the spindle; 


others use an ordinary steel feather key. 
ening nuts to force the core down ona tapered spindle and eliminates 
keys. The use of keys would, however, seem to be the better practice, 
notwithstanding the difficulty in drawing keys when a head is to be 
changed. A DISADVANTAGE of the use of self-tightening lock-nuts 
is that large pieces of ore jammed in the mouth of the breaker may 
loosen the control nut. 
gyratory at Moosz Mountain (99 J 973). 

In large crushers the mantles are frequently made in two parts. 
The greatest wear comes at the bottom and the amount of metal 
that must be wasted can be decreased by making the bottom part 
replaceable while retaining the old upper part. 
corrugated or smooth. The corrugated head is best for coarse break- 
ing; a smooth head is best if a large proportion of fines is desired or 
if the feed to the crusher is already relatively fine. 
is given in Table 15. 

In all crushers the eccentric bearing runs sub- 
Capillarity is depended upon in some crushers to draw oil from the bath 


Lubrication, 
merged in oil. 


One maker uses self-tight- 


This happened frequently on a primary 


Mantles are made 


Fie. 33. — Self- 
tightening lock-nut 


Life of mantles 
' for gyratory mantle 
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into the bearing surfaces while in others a ao 8 
forced feed is used. The main countershaft = Y SS | annonme 
bearing is generally ring- or chain-oiled with s ° a = bedadid 
overflow from the reservoir into an oil sump eel 5 3 es 
in the bottom plate. It is probable that the eA 
best lubricating system is one in which an ES 
efficient forced feed of heavy oil is employed. 2m mMOoRSoO99 
Extrusion of this oil around the bearings aids 6 = Ft ek ee 
to keep grit and dust out. q g 
Adjustments of gyratory crushers 18 
are (1) width of discharge opening, 3 ee wovonss 
2) throw, and (3) speed. Width of 3 anche, oo 
discharge opening is changed in the s2 . a 
suspended-spindle crusher by raising or eee a eS 
lowering the spindle by means of the |e eee ie 
adjusting nut (6), Fig. 29. A ring bolt oe he gai 
Angle of Mp ; 2 SSS 
= BN bE ae 
@ sr RSR 
ay | 3 pes oe 
( oo es 5 a S 
fo) S J. Se i oe | 
——— —— "Sale oe id dit 
Fic. 34.—Change in nip angle with wear 3 a esa gen 
of breaking head and concaves. Ss yi ees y 
. 7 ro) = Na ‘ inl a 
is furnished to engage the top of the e| 3 aN pl 3 
spindle, which is then hoisted by ap- Bl his g 
propriate means, allowing the adjusting S g° mig a4 
nut to be readily_moved as desired. B\@ a ui a 4 
The change is made in the supported- 2| $3 pee ne 
spindle type by raising the supporting 3 5 ox 5 
nut (1) (Fig. 30). In the fixed-spindle E83 RS | Sat is 
type the adjustment is made by chang- eh O09 
ing the thickness of shims (g), Fig. 31. i Sens 
Range of adjustment in width of Z| Sys 
opening is limited because of the fact é aa 
that the nip angle is markedly increased ae 
as a result of wear of the breaking ~ 7 a 
head. This is shown in Fig. 34. This aa 
increase in nip angle causes a great a 
decrease in ability of the crusher to dis- =) 7 
charge, with corresponding decrease in o 
capacity. If more than a small adjust- z : 
3 : ¢ PS eo Sooo oo 
ment in width of discharge is required, a BBSESSSS 
it must be obtained: by using thicker 32 SAG GS GS 
and shorter concaves and breaking BA m 
head. 
: Ame A 
Throw is less than in jaw crushers. w¥a, |ReSages 
a & : : One 5 Mowe 
It is adjustable only by changing the ase P| xxKKK KX 
. N 
eccentric sleeves. It should be greater fe pie Sie Se eee 
in large crushers than in small and 5 Sa 
should be greater for relatively soft and - 
tough rocks than for hard and brittle E § ©MOMC O16 
rocks. 
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Speed may be varied throughout wide limits. Increased speed is not 
accompanied by the marked increase in vibration and shock that occurs with 
jaw crushers. The lowest speed compatible with the capacity required is 
most economical within certain operating limits. A tendency to clog by 
reason of the sticky character of ores may often be overcome by increase in 
speed, thus increasing the sharpness with which the head recedes from the 
concaves. 

Speed, throw, capacity, reduction ratio and power consumption are 
closely related. If the reduction ratio is increased when the crusher is working 
near maximum capacity,’ the speed of the crusher must be increased to keep 
up the capacity. This will be accompanied by a considerable increase in 
power consumption. If the machine is sufficiently over-motored so that the 
change brings no perceptible strain on the driving equipment, it is well to 
watch for heating of the eccentric, as any marked increase in the direction 
above noted over the figures recommended by the manufacturers is likely 
to result in burned-out bearings. If increase in reduction ratio is to be 
effected without mechanical troubles, it should be accompanied normally by 
decrease in speed and a decrease in the amount of material in the crushing 
zone. This latter decrease is accomplished by shortening the head and con- 
caves and by decreasing capacity. 


Table 16. Performance of fixed-spindle gyratory as a primary crusher 


Shattuck Liberty Burro Federal United 
Plant Arizona Bell Mountain Lead Mills Eastern 
Nos. 3, 4 
GaDen any be <5 Wises wGkerste ores. ore 10 12 12 14 18 
S6b, HM ge Ss Beare oe GW o.0 soe 1.5a 2 oma 3 1.75 
Met O War iDlteinie s, ostee ste eteragancte tes 0.75 0.75 1 ~ 6 0.5 
Size of largest particle offeed,in.| — 10 —12 —12 —14 10 
Apparent reduction ratio. .... 6.7 6 3.4 4.7 5.7 
Actual reduction ratio........ 4 G. So vulBake ator 3.5 5 
Capacity, tons per hour...... 256 100 250 125 150-250 
Power installed, hp..<........ 25 40 40 50 50 
Power consumed, hp.......... Qos | metas e 20 41 13.4 
Tons per hp.-hr. installed..... 1 2.5 653: 255 3-5 
Wong Pen Hpi=Hrs<COUSUMIEC cyey.y<)| erste wre elector 4]|\ shaietata ever 12.5 3.0 14.9 av. 
Speed, driving pulley, r.p.m...| ........ 335. 350 250 320 
Speed, spindle er psec: oe) wile css sc) 132 70 100 140 
Oil consumption, pounds per 
10.0) San ROR: cle aes Of Oke eerie I ae ReaOe ans Bis pace IY sercagh NS 5 8 
Life of wearing parts, days: - 
Plecentrie: <sents ne Sethsicis ee 180 20007 — = Wetter 90-120) | S-eacees 
CATS: kites s. Meters. kml he iene savce 900a DP LOO! ee |) arccsrsteboaet L800: 64 senor 
VEG D GO tisicsedckexconanl slosh omeidichs 90d 3602540.) <esterergaiens 1.00 ieee 
Material .25. 2. syste os gies MS DESIAS |Wervacranstiae ccl MS 
Conca ves tate tev ates 90e 300%  ganil\ dcpucrenreer T5002 belli 
WNiaterial ae acs st. oc.0 ies MS IVA Sozen. (Sees sree sea MS k 
@huteimers. 2.588 a0 hes 180 SO BEES i aciheren tt ictetcaireedy. DACRE 
Material. ss ...cty. 010 ota axe if he Ot Sense sce Boose Es ee 
Changing coneaves, hr........ 10-15 LS Wow ucts ceh a Iki cee 6 +e 
Hours per day operated...... 15 8-12 8 24 5-8 
Percent: lost times... 3.5% oc Weryalittle, emt se couc tees ches Bi) Bl echoes 
g y 


a When new. Wears to 2 or 24% in. 6 Very hard rock. ec Still in good condition. 
d With one set of concaves; used another 90 days with a second set of concaves. e Set 
up or renewed, according to wear. /f Old ball-mill liners. g Superintendent reports that 
the machine requires almost no attendance. It has stalled on steel several times without 
breakage. A 14-in. sheet iron. i Babbitting eccentric and changing mantles and con- 
caves. j Have given complete satisfaction. k Upper ring chilled cast iron, lower man- 
ganese steel. MS Manganese steel. CCJ Chilled cast iron. 


Art. 8. GYRATORY CRUSHERS 275 


Data on mill performances are given in Tables 15 and 16 and in the follow- 
ing notes. 


At Rosrperry mill, Slocan, B. C., a No. 2-D Gates (6 X 50-in.) crushes 150 tons 
per 24 hr. from 2-in. to 1-in. (114 J 677). At the Tonopan BeLMonrt mill a No. 4-B short- 
_head machine (5 X 77-in.) is used to break from 2-in. to 1-in. at the rate of 500 tons per 
24 hr. The concaves for this machine weigh 666 lb., cost $88 (1915), and wear for two 
years, crushing 75,000 tons. They are set out at the end of 6 months and turned end-for-end 
at 12 months. The mantle weighs 536 Ib. and has the same life (62 A 96). A No. 5 
crusher (10 X 80-in.) at the Trosan mill, So. Dak. (114 J 763), set to 1.75-in., crushes 
400 tons per 24 hr. of the oversize on a 1.5-in. grizzly. At the Sanra Barpara (Mex.) 
mill of the American Smelters Securities Co. a No. 5 McCully crusher (suspended-spindle) 
set at 1.5-in. breaks the run-of-mine oversize on a 1-in. grizzly at the rate of 500 tons per 
24 hr. (112 J 1050). At Sr. Josnpx Leap Co. mill, Bonne Terre, Mo., three No. 5 gyra- 
tories are used to crush 2100 tons run-of-mine ore per 24 hr. The ore, principally dolomite, 
sizes to 11.1 per cent. on a 10-in. screen, 12.6 per cent. on 8-in., 7.6 per cent. on 6-in., 32.5 
per cent. on 4-in. and 36.2 per cent. through 4-in. It is split on a 7.5-in. grizzly and the 
oversize is sent to one No. 5-K (suspended-spindle type) gyratory while the undersize is 
split between two No. 5-D (supported-spindle type) machines. A sizing test of the com- 
bined discharge is 12.9 per cent. on 3-in. screen, 11.4 per cent. on 2.5-in., 17.6 per cent. on 
2-in., 15.7 per cent. on 1.5-in., 14.9 per cent. on 0.35-in., 9.9 per cent. on 0.079-in., 3.5 
per cent. on 0.0041-in. and 1.6 per cent. through 0.0041-in. (57 A 423). (See also Table 
12.) At the Saarruck-Arizona mill a No. 5 Telsmith (fixed-spindle) crusher set at 1.5-in. 
breaks 400 tons per 24 hr. of +1.5-in. run-of-mine ore. This crusher has handled 500 tons 
per day (110 J 759). At Barnes-Kine DrvELoPpMENT Co. mill (60 A 98) a No. 5 Telsmith 
breaks 15.3 tons per hr. to 0.4 per cent. on 3-in. screen with a power consumption of 1.1 kw.- 
hr. per ton and at a cost (1917) of $0.046 per ton. At the head house of the Ellison shaft of 
the HomesrakeE mines four No. 6 gyratories set at 3-in. are used to crush about 25 tons per hr. 
each of rock passing a jaw crusher set at 4.5-in. and remaining on a 3-in. grizzly (114 J 760). 
At New Mopprrrontein (So. Africa) four No. 6 gyratories set to 2-in. take 1200 tons per 24 
hr. run-of-mine ore. Each crushér has a 60-hp. motor (120 P 789). At the Sirver Kine 
CoauiTiIon mill (Utah) the primary crusher is a No. 6 gyratory set to 1.5-in. and handles 300 
tons per day of +1.5-in. run-of-mine ore, 8-in. maximum size (116 J 370). At Unirep East- 
ERN a No. 6 Telsmith set to 2-in. takes 35 tons per hr. run-of-mine ore, 10-in. maximum size, 
and draws 10 kw. average load. By placing a 1.75-in. grizzly ahead of the crusher, repairs 
were materially decreased (63 A 551). Unirep Comstock uses one No. 714% gyratory 
set at 3-in. for the oversize, on a 3-in. grizzly, from 2000 tons per 24 hr. run-of-mine ore 
(114 J 846). At Houirncrer three No. 74% gyratories set at 3.5-in. handle an average 
of 70 tons per hr. each (90 tons per hr. maximum), when running at 144 r.p.m. of spindle 
and drawing 50 hp. Two work on the oversize of a 7.5-in. grizzly screening run-of-mine 
ore through a 14-in. grizzly, the other crushes the undersize of the 7.5-in. grizzly. This 
routing of ore is said to increase the gross capacity of the three crushers, especially when the 
ore is wet. Concaves are sectionalized transversely: the upper, of white iron, last 12 
months;-the lower, of manganese steel, 8 months. They are re-set every 4 months and 
require 1700 lb. of zinc per setting. Head centers are of cast steel, mantles of manganese 
steel. The latter are drawn on the shaft at 125 tons pressure after warming to 120° F. 
Life is 7 mo. Poured-zinc keys are used to keep the mantle and head center (core) from 
turning on thespindle. The product of the primary crushers is sent over a 2-in. grizzly and 
the oversize sent to three No. 5 crushers, two set at 2.5-in. and one at 1.5-in. The total feed 
to the three machines is about 35 tons per hr. Speed of spindle, 157 r.p.m. Each crusher 
consumes about 25 hp. The upper ring of concaves is white iron and the lower manganese 
steel. Life of the upper ring is 12 months and of the lower, 3 months. The concaves are re-set 
every four or five weeks; 900 lb. of zinc is required for a setting. (1922 Bul. CMI 340.) At 
Tonopau BeLmMont manganese-steel concaves for a No. 7% crusher weigh 1120 lb. and crush 
150,000 tons; a mantle weighs 1994 lb. and will crush 225,000 tons (42 A 110). AT ALASKA 
Gasrinreavu four No. 8-K machines set at 2.5-in. are used to crush — 5-in. jaw-crusher product 
at the rate of 110 tons per hr. each. Mantles are of gun-lock type and both mantles and con- 
caves are manganese steel. Lower concaves last 8 months, crushing 16 hr. per day. Changing 
concaves and re-zincing requires 8 hr. The crushers are driven by clutch pulley from a line 
shaft (63 A 493) (see also Table 12). Cu1tm Copper Co., Chuquicamata, Chile, originally 
put in two No. 10 crushers for primary service to handle 275 tons per hr. each from 16-in. 
maximum to 3-in. discharge size. They proved too small and are now preceded by two 
84 & 60-in. jaw crushers (101 J 23). Avasks TREADWELL used two No. 12-K Gates 
crushers followed by four No. 6-K set at 2-in. to crush about 4500 tons per day of run-of- 
mine ore. Sizing analysis of the product follows: 6 per cent. on 3-in. screen; 28.2 per cent. 
on 2-in.; 29.25 per cent. on l-in.; 10.11 on 0,5-in.; 11.65 per cent. on 0.185-in.; 7.80 per 
cent. on 0.0328-in.; 2.23 per cent. of 0.0164-in.; 0.80 per cent. on 0.0116 in.; 0.65 per cent, 


N 
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on 0.0082 in.; 0.65 per cent. on 0.0058 in.; 0.80 per cent. on 0.0041-in.; 0.53 per cent. on 
0.0629-in. and 1.33 per cent. through 0.0029-in. (114 P 410). The primary crusher at Npw 
Cornet is a No. 24-K Gates gyratory. It will take boulders 3.5 x 4.5 x 10-ft. and 
reduce them 9-in. at the rate of 500 tons per hr. and the discharge rate at this setting has 
run as high as 800 tens per hr. when the feed was free of boulders that caused clogging in the 
bowl. Capacity was reduced to 400 to 450 tons per hr. to 6-in. size by setting out the con- 
caves and using a thicker mantle. Average manganese-steel consumption in this and four 
No. 8’s following is 0.0032 Ib. per ton in mantles and 0.081 Ib. per ton in concaves. Average 
power consumption for the five machines is 0.21 kw.-hr. per ton. Four No. 8-K crushers 
set at slightly less than 3-in. take the oversize of a 3-in. grizzly screening the product of the 
primary crusher set at 6-in. The feed to each machine is between 100 and 125 tons per 
hr. and this is a little less than full load. These same crushers set at 4-in. and taking 9-in. 
feed were unable to handle the feed at the rate of 200 tons per hr. each (63 A 509). At 
Utran Copper Co. a No. 27 double-discharge machine is used to break from 54-in. maximum 
size to 4.5 in, (118 P 469), 


Reduction ratio, according to manufacturers’ ratings, ranges from a mini- 
mum of 5, excluding fine-crushing gyratories, to a maximum of about 9 with 
a general average of about 6° A greater ratio is recommended for large crush- 
ers than for small. See Table 12. In practice the apparent ratio, reckoned 
as the ratio of the gape to the minimum opening at the throat averages 5.78 
for twenty-five crushers (see Table 15). The actual ratio, reckoned as the 
ratio of maximum size of feed to set of crusher averages 3.04 for nineteen 
suspended-spindle crushers and 4.6 for four fixed-spindle machines. The 
maximum apparent reduction ratio recorded from the mills is 10.6; the maxi- 
mum actual ratio is 8. The minimum apparent ratio is 2.6; the minimum 
actual ratio 2. 

Angle of nip in gyratory crushers ranges from 21° to 23° with an average 
very near 22°. 

Capacity depends primarily upon character of ore, size of feed and dis- 
charge setting. Throw, speed, angularity of jaws, and character of crushing 
surfaces have a material effect. Capacities for different sized crushers accord- 
ing to makers’ catalogs, are given in Tables 12, 13 and 14. (See Art. 7 for a 
discussion of the applicability of these figures to various ores.) The discussion 
of the effect of various factors upon the capacity of jaw crushers, as given in 
Art. 7, holds for gyratory crushers. The Hersam formula is supposed to be 
applicable to gyratory crushers as well as jaw crushers. There is no simple 
empirical formula that answers to results in gyratory crushing as does that 
given for jaw crushing. Capacities given in makers’ tables are frequently 
far exceeded in mills although usually the excess capacity results from the 
feed of material much smaller than the maximum that the crusher will take 
with consequent freedom from bridging and clogging. The lower figures ir 
the lines bracketed with the parenthesis in Table 12 refer to this characte1 
of feed and are conservative for any rock other than the most tough. In suck 
service the actual reduction ratio will rarely exceed 3. 

Power consumption. Tons crushed per horsepower-hour consumed in th 
mills ranges from 0.31 to 11.6 in suspended-spindle machines (Table 15) anc 
as high as 14.9 on a soft ore in a fixed-spindle crusher (Table 13), The averagi 
for 20 lever-type machines is 3.56. The high figures represent machines it 
secondary service when worked well up to the limit of capacity. According 
to field practice no greater number of tons per consumed horsepower is to b 
expected from large crushers than from small ones. 

Figs. 35 to 36 represent the results of a power test on a gyratory crushe 
in actual operation. The data reported on Fig. 35 appear in columns 4 and | 
of Table 15. These figures show that the power installations called for by th 
manufacturers, in Table 12, are higher than need be counted on for running 
they are needed, however, for starting. 
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Fall through machine proper is about ten times the gape for machines up 
to 12-in. gape. For larger machines the figure decreases with increase in 
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Fic. 35.—Load curve of No. 6-K Gates gyratory crusher. 


gape from 8 to 6. Closer figures for fall are given in Tables 12, 13, and 14. 
These figures will come within a few inches of the exact ones for crushers 
made by any of the leading manufacturers. 
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Minutes 
Speed of pinion shaft, 207 r.p.m.; maximum size of feed, 24-in.; largest particle in prod- 
uct, 4-in.; rate of feed during test, 99.6 tons per hr.; average hp., 26.2 (decrease chart read- 
ings by 2.7 hp. for power draft of a conveyor driven by the same motor). 


Fic. 36.—Load curve of No. 8 Gates gyratory crusher. 


Lost time. Average percentage of lost time in the mills due to causes chargeable to 
the crushers themselves, such as repairs and renewals, clogging and its attendant dif- 
ficulties, is less than 1 per cent. Renewal of mantles, concaves and chute liners and re-bab- 
bitting of the eccentric bearing are the principal causes stated. One plant reports 8 per 
sent. lost time due to clogged chutes. In this plant a 12-in. crusher was discharging a 
sroduct, a considerable proportion of which was more than 4 in. in size; an extremely large 
onnage was being put through and clogging was to be expected unless a large drop was 
lowed from the coneaves to the highest point of the diaphragm. The majority of the 
Tushers reported are planned to work but one or two shifts per 24 hr., thus leaving at 
east one shift free for all minor repairs. With good planning and with a sufficient supply 
f repair parts on hand, such operation will practically eliminate lost time. 
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Attendance. Usual practice is one man per machine to two or three machines per man. 
Where the gyratory crusher is the primary crusher there should be an attendant for each 
machine to remove waste. Where the gyratory is a secondary crusher little or no actual 
attendance, apart from oiling and watching for trouble, is necessary. 

Crane service. See Sec. 23, Art. 12, for general discussion. Substantially 50 per cent. 
of the mills reporting had crane service to the gyratory crushers and 30 per cent. more were 
served with a crawl and chain block. There can be no doubt that some such service should 
be provided. 

Feeding. The crusher should be fed regularly and as nearly as possible up to capacity. 
If the feed contains particles near the largest that the crusher will receive, it is wise not to 
bury the crusher, as bridging may easily occur and necessitate digging aside a lot of heavy 
material. However, bridging is much less likely to occur in gyratory crushers than in jaw 
crushers and many more of the former are fed so as to be buried. The majority of plants 
report the crushers fed by chutes or over stationary grizzlies. Other methods reported 
are by belt or pan conveyors, drum feeders and shaking grizzlies. Pan conveyors are prob- 
bly the most satisfactory method for feeding initial crushers. The chute-fed crushers 
mostly occupy a secondary position in the mills, taking feed from a primary crusher. 

Breaking point is not generally provided in modern gyratory breakers. The big breakers 
will pass almost any piece of steel that gets to them without stalling or breakage. Small 
crushers will generally slip a belt before breaking and if the motor is properly safe-guarded 
against overload, this is a fairly satisfactory method of procedure. In older crushers a 
breaking pin was provided in the driving pulley. Overload circuit breakers are probably 
the best method of providing against damage with machines directly connected to a motor. 

Size of product. Between 10 and 20 per cent. of the product of a gyratory will remain 
on a square-mesh screen of the same aperture as the set, the higher percentage with slabby 
material; between 50 and 55 per cent. of the product will remain on a square-mesh screen 
whose aperture is half the set. 

Cost. Price of gyratory crushers in 1925 ranged from 7.5¢ per lb. for No. 21 size, and 
8¢ for No. 744 to 18¢ for No. 2. Upwards of 90 per cent. of the cost of crushing is made up of 
power, labor and wearing parts. If crushers are run to capacity the crushing cost should 
range below 6¢ to 8¢ per ton for the small crushers and 1.5¢ to 2.5¢ for large, 


9. Comparison of jaw and gyratory crushers 


Table 17 compares the crushers of the two types built by one manufacturer. It shows 
that, when worked to capacity, the price of a gyratory varies from 27 to 77 per cent. of that 
of a jaw crusher capable of the same reduction in particle size; also, that under the same 
circumstances, the gyratory will crush from 1.7 to 4.3 times as much rock as the jaw crusher 
per installed horsepower. But, when the quantity of rock to be crushed per hour is within 
the capacity of one jaw crusher of the proper gape, then the price of a gyratory for the same 
work ranges from 1.3 to 2.5 times that of a jaw crusher. The work at WITHERBEE-SHERMAN 
presented in Figs. 24, 35 and 36 indicates that the power consumption of a jaw crusher idling 
is roughly 50 per cent. of that_at full load and the full-load consumption about 50 per cent. 
of the installed horsepower; corresponding percentages for the gyratory are 30 and 60 per 
cent. Applying these figures to Table 17 it appears that for machines reducing to 4-in. 
or less, power consumption per ton crushed is less in the jaw crusher. In coarser crushing, 
products from 5- to 12-in. sizes, power consumption per ton crushed is less for gyratory than 
for jaw crushing. Repairs, cost of installation, and loss of head are all greater for the 
gyratory than for the jaw crusher at aJl sizes. It may, therefore, be concluded that for 
crushing quantities that can be handled by one jaw crusher the jaw crusher is the more 
economical installation on all counts; that for coarser crushing the gyratory will consume 
less power per ton crushed, but will cost more to install, to keep repaired, and will require 
greater expenditure for elevation of material. It has the advantage of allowing expansion 
in capacity, it can be set higher than a jaw crusher on account of absence of vibration, and 
it can be fed from all sides. On the other hand, if the rock is clayey or fibrous or does not 
break freely, it is more likely to clog. The shape of the crushing zone of the gyratory 
prevents the discharge of large slabs unbroken, such as can pass through a jaw crusher, and 
hence the gyratory product will be more uniform than that of a jaw crusher. 

Analysis of good practice shows that the following empirical relation will give a rough 
indication of of the proper crusher to use, based on tonnage and size considerations only, 
viz.: If the hourly tonnage to be crushed divided by the square of the gape expressed in 
inches yields a quotient less than 0.115, use a jaw crusher; otherwise a gyratory, 


INTERMEDIATE CRUSHING 


Intermediate crushers are those used to take the product of the breakers 
and reduce it to sizes best suited for feeding to fine crushers and grinding 
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machines. The group includes stamps, rolls, disk crushers and reduction 
gyratories. Under certain rather unusual circumstances any of these may be 
used as a final crusher, e.g., steam stamps in Lake Superior copper mills, gravity 
stamps in amalgamation plants, rolls in dry magnetic plants, disk crushers 
preparing oxidized copper ore for leaching, etc. Rolls are most widely used. 
Disk crushers are direct competitors of rolls; they are relatively recent 
members of the group and for certain types of work are superior to the older 
form (see p. 312). Gravity stamps are the oldest type and were for many 
years pre-eminent as a combined intermediate and final crusher in gold mills. 
They still hold an important position because of the large number yet operat- 
ing in mills built ten to thirty years ago, but with the exception above noted 
they have now been relegated entirely to the field of intermediate crushers 
where they come into direct and generally unsuccessful competition with 
rolls, and disk crushers. The reduction gyratory is the latest addition to 
the group and is so new that its importance cannot yet be accurately adjudged. 


10. Reduction gyratory. Cone crusher 


Reduction gyratory is made both in the suspended-spindle and the pillar-shaft 
(fixed-spindle) types. The latter type is similar to the pillar-shaft breaker except that 
the flare of the breaking head is greater in the reduction gyratory and the concaves flare 
downward instead of converging, as in the cone crusher (lig. 37), in order to maintain the 
required nip angle. This construction has the advantage of giving a large area of discharge 
opening for a given set of the crusher and consequently a larger capacity than otherwise. 
The usual sizes are 4-, 6- and 10-in. gape. This is a new machine and its capacity is not 
established. Capacities given by one manufacturer range from 24 tons per hr. to %4-in. 
to 48 tons to 14%-in. for a 6-in. machine and from 80 tons per hr. to 144-in. to 135 tons per 
hr. to 24-in. for a 10-in. machine. 

Symons cone crusher (Fig. 37) is of the flaring-bowl gyratory type of intermediate 
crusher. The crushing head (a) is supported on a large hemispherical bearing (b) and is 
gyrated by a long, ball- 
supported eccentric (c), 
driven by the usual bevel 
gearing. The stationary 
crushing surface (g) is 
attached to the main 
frame (h) by means of 
bolts(7) thatact against 
a nest of springs (7) 
which compress and 
allow the head to lift 
when an uncrushable 
body enters. A _ dis- 
tributing plate (d) is 
mounted on the upper : 
end of thespindle under Y 
the feed opening (e). 
Set may be adjusted 
while running by loos- 
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Sizes, capacities and 
power consumption, as 
stated by the manu- 
facturer, are shown in 


Table 17a. : 
Performance. This crusher has not yet (Jan., 1927) been in the field long enough to 


ny data on performance, but those given below show it a likely competitor of 
tate asiateried disk crushers and rolls. At Ura APEX a No. 4 machine crushes 
—44+41-in. feed to —1-in. at the rate of 60 tons per hr, It is driven at 525r.p.m. (driving 
pulley) by a 75-hp. motor and is estimated to draw 50 hp. No weaknesses have geygloned 
in 3 months’ running. At Sr. Louis SMELTING AND REFINING Co, a 7-ft, machine set 14 to 
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Fig. 37.—Cone crusher. 
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Table 17a. Symons cone crusher (Symons Bros. Co.) 


Oapacity, tons per hr. 
Rated y 
size Gape, et, in. 
(max.diam. in. Hp. Bre 
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546 in. takes the product from a jaw crusher set 4 to 5 in., containing slabs up to 14 in. square, 
at the rate of 150 tons per hr. with a consumption of 130 hp. Capacity falls to 140 tons per 
hr. with damp ore. Screen test of product is: On 0.742-in., 3.5 per cent.; 0.525, 14.7; 
0.871, 21.8; 0.263, 13.2; 0.185, 10.7; 0.131, 8.0; 0.0082, 24.8; —0.0082-in., 3.3 per cent. 
The + %-in. material is all faky with the minimum dimension less than the crusher set. 
With a feed passing 3-in. ring capacity reaches 180 tons per hr., the + 34-in. materialin the 
product decreases and the power draft is 100 hp. The machine has passed large pieces of 
steel without choking or breakage. A 4-ft. machine at the same plant set 144 to %6 in. 
crushes —3-in. gyratory product containing 28% — 3-in. material at the rate of 100 tons per 
hr. and draws 65 hp. The product sizes: +0.742-in., 2.2 per cent.; 0.525, 9.4; 0.371, 19.6; 
0.263, 16.4; 0.185, 12.5; 0.131, 7.8; 0.0082, 27.1; —0.0082, 5.0 per cent. C.G. Dresser 
(PC) states that it is contemplated at this plant to replace four No. 6 gyratories and 
two 54 X 24-in, rolls by two 7-ft, cones, 


11. Disk crushers 


The disk crusher is made in two forms, known respectively as the hori- 
zontal and vertical types. 

16 ys) Horizontal disk 
crusher (Fig. 38) con- 
15 sists essentially of two 
opposed concave coni- 
cal crushing surfaces 
(1) and (2), of large 
apex angle, rotating 
in the same direction 
at substantially the 
same speed around 
horizontal axes. The 
mechanism is so ar- 
ranged that any two 
given points at corre- 
Fic. 38,—Disk crusher, horizontal-spindle type. sponding positions on 


the surfaces of the 
opposing cones alternately approach and recede from each other. This 


action is accomplished as follows: Disk (7) is attached by means of bolts (3) 
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and spacers (4) to the bell-shaped end (5) of the 
hollow horizontal shaft (6). This shaft is carried 
in bearings (7, 8) in the main frame of the 
machine and is positively driven by means 
of pulley (9). Disk (2) is carried on the end 
of the solid shaft (10). This shaft and the disk 
are supported by the hemispherical bearing (11), 
eccentric (12) and thrust nut (13). The solid 
shaft is not positively rotated. The center of 
eccentric sleeve (12) is not coincident with 
the center of revolution of shaft (10). Pulley 
(14) rotates in a direction opposite to that of 
pulley (9) and at a speed somewhat more than 
twice greater. With no rock in the machine 
the inner disk rotates only to the extent that 
motion is induced by bearing friction, but as 
soon as rock is introduced the movement of 
the outer disk is transmitted through the rock 
to the inner disk and the speed of rotation of 
the inner disk comes up substantially to that 
of the outer. 


With the end of shaft (10) furthest from the disk 
set eccentrically to the center of shaft (4), each point 
on the surface of disk (2) would approach and recede 
from the corresponding point on the surface of disk 
(1) once in each revolution of the disks, if there were 
no independent motion of the eccentric. By driving 
the eccentric in the opposite direction to that of the 
outer disk and at the same rate of speed, each point on 
the surface of either disk would approach and recede 
from corresponding points on the other disk twice per 
revolution, Further increase in relative motion between 
the two pulleys causes further increase in the number 
of approaches and recessions of corresponding points 
on the disks per unit of time or per revolution of the 
main shaft. Since the eccentric pulley is normally 
driven at something over twice the rate of the main 
pulley, there are normally something over three crush- 
ing actions at each point on the surface of the disk for 
each revolution of the main pulley. Feed is intro- 
duced by pipe (15) through the center of the outer 
disk and drops to a bearing between the disks. Cen- 
trifugal force, friction, and the pinch of the disks then 
act on the particles with the result that some material 
at least, is-carried up and, after crushing, thrown out 
at the periphery well above the lower segment. This 
increases the area of discharge from the crushing zone 
and therefore increases capacity. It is to be noted 
also that the cross-sectional area of the crushing zone 
increases toward the region of finer crushing, so that 
crowding is lessened and production of fines minimized. 
Discharged material is caught by the housing (16) and 
discharged through a chute at the bottom. The lower 
part of main frame (17) is made oil- and dust-tight and 
acts as a reservoir in which oil, circulated by means of 
pump (18) is collected after seeping through the 
various bearing passages, The crusher is made in 
four sizes, named by the diaraeter of the disks as 18-, 
24-, 36- and 48-in, 


Symons disk crusher, catalog data 


Table 18. 


Weight, 
pounds 


5,600 
9,300 
23,500 
39,000 


Horsepower 


12-18 
18-25 
30-40 
50-65 


283 


Revolutions 


per minute, 


eccentric 
pulley 


450 
400 
300 
250 


Revolutions 


per minute, 
main pulley 


200 
200 
133 
100 


Capacity, tons per hour, to .. in. 


Tons Size Tons Size Tons 


Size 


Tons 


Size(b) 


12-15 
50-65 


134(a) | 25-30 


2(a) 
244(a) |100-120 


1 


{ 


10-12 
20-25 
45-60 
80-100 


34 
1 
1% 
2(a) 


8-10 
18-20 


30-45 
60-80 


% 

94 
1 
1% 


5-8 
12-15 
25-30 
45-60 


6 Minimum setting. 


a Special disk. 


Maximum 


size of feed, 
inches 


Diameter 
of disks, 
inches 
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Performance. Catalog capacities to various sizes with makers’ estimates of power 
consumption are given in Table 18. Performances of 36-in. and 48-in. machines at various 
plants are given in Tables 19 and 19a. Comparison of Tables 18 and 19 shows that capaci- 
ties as stated by the manufacturers are conservative, 


. 


Table 19a. Sizing tests of feed and products of horizontal disk crushers in Table 19 


Weights, per cent. 


m screen, A ican Zinc, L 
Operture’  leSmaling CoManea| Braden Copper Co. | Replogle Steet Co. 
Feed Discharge Feed Discharge Feed Discharge 
DSi ape | ee en erates be lle, MPa Me = 16.80 
1.5 -in. 45.1 23.0 VAS lh Tae Fea See ae 
1.25-in 6.4 SYS aaah Same lal ed es & 36.14 
1.0 -in. 8.1 10.1 26 9 eres a 
DET ere ete Pees be 13 18 26 .48 
Oz5pcin- 15.6 22.6 11 29 ie | Oe: eee 
§.42-mm. 1.6 2.2 4 12 shes ener: : 
6.68-mm. 4.5 6.2 2 2 3° 10.64 
AROMAT Cred porate. Sosy. lye vos tedzeaaceue 1 ve Pics Weel lesen ccs 
3.33-mm. 6.63 8.8 1 ii) ae be 2.58 
pete. lo . 1 4 Nis nG Meet | 
epee 2) SI sb, Suaiell) enties.. 3 Ke 0.59 
tare bri kbiore dull exhatereiids tel. kk 2 PEROT ERO al 0 
fo on a 2 6M a ivecrsecho he 2 aS 2 1.55 
DeSLT ATTY A INNIS IRE Rete IER xt 8 1 EA Pat Ga AO 
Oazsmm- | Sa. se Ftd final ge cabot a 1 a 2.00 
Ores: ERIM EAST ey Lt SIA. She 1 Med Ne Brnowrtcca c 
O42 mim! als] jeoced oxen 1 <8at| baw. Bees 0 4 2.42 
USS i a ee V8 ola. 68 ee ee arnt mt: CREPE ATT eee 
OUO Zetia ioe Actas O56. ca ee | coe eee Aha Scamp een, rere 
OnOsemms [we ine. 0%: ged laeBaeacs Saree aia [ORR Feateg et 
Through last 3 S 
screen 12.4 Bs ic tenho ake, Be iia 4 0.47 
hotals’= a 100.0 100.0 100 100 100.00 


In the earlier disk machines much trouble was experienced by breakage of 
disks by steel and other unbreakable material in the feed. All disk machines 
in practice should be guarded against tramp iron by magnets. The use of 
manganese and chrome steel for disks has done away with much of the breakage 
trouble and any iron that gets past powerful guard magnets is readily taken 
care of. Non-magnetic manganese steel from steam-shovel dipper teeth 
cannot, of course, be caught by magnets. 


At New Corne tia this is guarded against by checking up on dipper teeth as each train 
load of ore leaves the shovel and redoubling the watch at the crushing house when a tooth 
is missing. Guard magnets cannot be used with magnetite ores, which is a serious im- 
pediment to the use of disk crushers on such material. At RerLoaun STrEex Co. fine- 
grinding disks are guarded by a screen in closed circuit with rolls. Steel large enough to 
hurt the disks is diverted to the rolls and kept in the roll circuit until broken down to a 
size that the disks can handle. At Moose Mountain (99 J 975) a man watches the feed. 
Steel that gets past him has never broken an important part, but stalls the machine and 
blows the motor fuses. 


Size of product. From 10 to 30 per cent. of the product of the horizontal- 
spindle machine remains on a square-mesh aperture equal to the disk setting, 
and from 55 to 65 per cent. is coarser than half the disk setting. 
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Vertical disk machine is shown in Fig. 39. The upper disk (2) is carried 
by means of bolts (2) and spacers (3) on the table (4), which is carried on, 


b 
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Zi 


5 
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Fic. 39.—Disk crusher, vertical-spindle type. 


gears (13) and (14) from shaft (7). 


the same in this machine as in the horizontal-spindle type. 


rollers and driven’ 
by gear (5) and pin- 
ion (6) from the 
main shaft (7). The 
lower disk (8) is 
carried on plate (9), 
the lower surface of 
which is a spherical 
segment and rests 


on the spherical 
wedge (10). Both 
(9) and (10) are 


carried along by ro- 
tation of table (4). 
The stem, (d), off 
wedge (10) is moved 
in a small horizontal 
circle by eccentric 
(12) through the 


The direction of rotation of the eccentric 
is opposite that of the upper disk, hence the relative motion of the disks is 


The upper disk 


is held to its work by springs (15), designed to compress when an unbreak- 
able substance enters the machine and thus guard against disk breakage. 


This provision, together with a 
magnet ahead of the machine, 
prevents most of the troubles 
chargeable against the early disk 
machines. Feed is introduced 
through spout (16) onto the 
lower disk and thrown out by 
centrifugal force until it wedges 
between the disks. After break- 
ing, it again travels outward and 
is subjected to further crushing 
operations until it finally can 
escape into the outer chamber 
and discharge through spouts. 
The eccentric speed is so high 
(350 r.p.m.) and the resulting 
number of crushing movements 
so great that but few particles 
escape being subjected to a 
crushing pinch near the periph- 
ery of the disks and hence 
the discharge size is substan- 
tially that of the minimum 


Table 20. 


Screen tests of feed and products of 


vertical disk crushers 


Screen 


Weight, per cent. 


aperture, a pa Replogle Steel 

inches per Co. os 

Product, Feed Product 
1 Usa | aN i Aly Me Wie «ace oom 
OR Conan) eer ree PU am call  tee te 
0.263 26.7 5B. 9O)8 AMES Sie 
0.185 LT. Spt ryespeertntee wh. ote ee 
0.131 42 0% 7.02 17 .43 
0.093 a ara Mie as aro nA At c= 
0.065 x20 0325 9.84 
0.046 cf eine aie, er nn At ke Tay 
0.0328 4.1 0.41 23.15 
CEG G AE Bair eeert wet, eer tncectes me oa 24.65 
OCOS2 Berges anv aie grees Se 19.96 
UOC SS! Sain A Me aN TSA “Oe 3.99 

Through last 

screen 18.3 ey, 0.98 


setting of the disks. Gears and bearings are enclosed in dust-proof housing: 
as in the case of the horizontal machine and are lubricated by a forced fee 


from pump (17). 


The vertical-spindle machine is made with 36-in. anc 
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48-in. disks. By use of different disks it may be fitted for either coarse 
or fine crushing. 


Performance. CHILE Copper Co uses twenty-four 48-in. vertical-spindle disks to 
crush 13,000 tons per 24 hr. from 1.5-in. to 12 per cent. on %%-in. (123 P 849). New Cor- 
NELIA uses one 48-in. vertical-spindle machine set at 84-in. and two 48-in. machines sect 
' at 4-1n., taking the oversize on a 3-in. screen from the product of the first, to crush 90 
to 100 tons per hr. from 3.5-in. to 3-mesh. A sizing test of the product is given in Table 20. 
Repairs are light on the coarse-crushing disk but heavy on the fine-crushing machines. 
Average power consumption for five such 3-machine sets is 0.7 kw.-hr. per ton; average 
steel consumption, 0.059 lb. per ton crushed; babbitt, 0.0097 lb. per ton. Cost in May, 
1920, including power, repairs, and labor and including also screening and conveying was 
$0.09 per ton (63 A 507; 123 P 849). At Rwprocie Srepx Co. 48-in. disk crushers average 
25.2 tons per hr. (maximum, 36 tons per hr.). Screen tests of feed and product are given 
in Table 20. Average power draft, 15 kw.; minimum, 7.5 kw.; maximum, 25 kw. At 
Santa Barbara mill of American SMELTERS SEcuRITIES Co. a 48-in. machine set at 0.5-in. 
crushes the oversize on a 0.75-in. screen from 500 tons per day of —1.5-in. material. 


12. Rolls 


Rolls are of two general types, known as rigid rolls and spring rolls. Ria 
ROLLS are the older type but are rarely used at the present time. They 
differ from the type to be described in that the bearings for both rolls are 
rigidly fixed on the frame and the rolls must stall, or something bend or 
break when an uncrushable particle enters. 

Spring rolls are illustrated in Fig. 40. They consist essentially of two eylin- 
ders (1) mounted on horizontal shafts which are driven in opposite directions 


so that corresponding 
points on the cylinder ER, 


faces above the horizontal 45 s 
Zl 


plane through the shaft 
aipayje\ Wy 
Ny La A 


i eT 
ESININNI NO 


centers are moving toward 

each other. The main 

frame (3) carries the fixed IY 
bearings (4) and movable BSG 
bearings (5). These bear- 
ings carry shafts (2) and 
(6). Near the centers of 
the shafts are the cores or 
hearts (7), fixed, and (8), re- 
movable, for holding the 
shells (9). The fixed roll 
is driven by pulley (0) 
and the movable roll by a 
smaller pulley (1/1). The 
movable roll is held up to 
the fixed roll by means of Fic, 40.—Spring rolls. 


two heavy tension rods ; : 
(12), carrying nuts that bear at one end against the movable-roll bearings, 


and at the other end against a nest of springs (13), which are seated against 
the main frame. The minimum distance between roll faces is fixed by the 
shims (14). The rolls are encased in a housing consisting of fixed sides (15), 
and covers (16), which are easily removed to permit inspection of the roll 
faces. Beneath the rolls a hopper (17) is provided to guide the discharge to 
a chute. A feed hopper (18) is bolted to the top of the housing. This hopper 
is fitted with replaceable distributing plates that spread the stream of feed 
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out over the full width of the roll faces. 


COARSE AND INTERMEDIATE CRUSHING 


Z 


Sec: 3. 


Cheek plates (19) are provided to 


protect the housing from wear of the feed stream and to prevent material 
from passing between the sides of the rolls and the housing without crushing. 
Cheek plates, roll shells, and hopper liners are made replaceable. 
steel strips (20) are provided to protect the frame from wear due to movement 
of the movable-roll bearing. Table 21 is generalized from catalogs of the 


Replaceable 


Table 21. Summary of catalog data concerning crushing rolls 
Speed recom- 
< mended, revo- Horsepower Approximate overall . 
Weight, pounds | jutions per installation | dimensions, inches 
Size, Number minute recommended 
diameter of 
face, | makers ; 
pied a | Mini- | Maxi- | Mini- | Maxi-| Mini- | Maxi- Heighs 
mum | mum | mum] mum | mum | mum |Length| Width to top 
6 b c c d d of feed 
hopper 
1212 1 SOAK Schon oll ee em 930) Nae Oi ot Seicasill Stank ol caus HO 
18X10 1 S500 an 250) e800h| 18", (h..:- 65 71 29 
20X12 1 GOOG a... ere 150 225 deal AN as ba cl hbo coc oc 
248 1 POMWSOOHC!. BAF : 100 160 GID NS. Os SSO . ORR 
24x10 2 10,600} 11,000 90 160 8 LL shstete ope) heey Te ln tee 
24x12 3 10,900} 11,600 90 230 8 11 82 78 36 
24x14 3 11,200} 12,000 90 160 8.5 6 i ear eran 
26X15 1 HG; SOU aes 75 LE EEE BIS PTET ae 
27X14 1 10, SOOVEL 1. hz 125 200 20) halseres alicodas hehe cree. A ee 
30x 10 2 16,000} 16,500 66 130 10 V5 se slicgoncadecitis © «ck eee 
30X12 2 16,900} 17,000 66 130 10 LO eerste ileal eee 
30X14 5 11,300} 19,200 66 190 10.5 15 100 94 46 
30 X 16 2 18,600} 19,600 75 180 10.5 15 100 98 46 
36 X12 3 21,200} 23,100 50 100 12 VS, ladda. .Piroae dal eesale 
36X14 3 23,000} 31,000 51 150 12.5 20 118 106 54 
36X15 1 33000) cok cas 40 LOO, Hitey-e Saha since de aaenetls, ck fon a eee 
36 X16 5 18,500} 31,500 50 175 13 25 118 108 54 
40X15 1 385000 are ces 50 LOGE Ts... 5c EVV ELS. Ree eye he 
40X16 i PS O00 eta ree 80 100 Oe cect ints oceans ha ao cel oer 
40x20 1 A2 OOO. «x eu 50 OME 1) siesta nine 0m ald « <=: aden i'll -spaens-ol eae 
40 X 30 1 5101 010)0) 5 Sara 50 OOH acc ceira cl atereue Ame aha teilel | CRN te ee eee 
40 XK 36 1 EO ers tain, eras 50 MOO | isvcusscea Pelee ot. «Pa LEI ee 
42X12 1 35; 200 heat Aly | eee, 20)... [Bes cosy covey noel ds spare locos 
4214 2 36,100} 37,000 41 100 20 30 131 107 59 
42X16 4 35,000} 62,000 41 100 20 50 147 123 72 
42x18 i 63,500) 7.» >> 95 120 ja. ORME 147 126 72 
48X12 ‘i AD OOO tec 70 90 28. ~ lett sacl bed. eek 3. ce eee 
48x 14 2 50,500] 57,600 33 90 23 BL) oops ort TES ots aS 
48X16 3 51,800} 75,000 33 100 23 Oo |icesge, Scere | cc ceae ce | OR 
48X18 2 60,000} 75,000 33 105 23 60 176 135 74 
48 x 20 3 50,000} 80,000 33 105 23 65 176 136 74 
54X16 2 51,800} 88,000 50 SOU 35 9 lesdHe....| CON ails eas lee 
54X18 1 TOT OOO Lae crascl: ASS el Maier DO ~ cca spare unite Bacot sctl 2 ekicoce Ae ea 
54 X 20 5 55,000} 103,000 28 95 25 70 189 141 79 
54x 24 5 60,000} 136,000 28 95 | 25 75 189 145 79 
60 X 20 1 85,000}....... 50 60 60. jehot. Rorese hh. wypsklae ae 
60 X 24 2 90,000} 150,000 50 85 70 90 208 173 91 
60 X 30 1 1655000) sustain. 65 Son LOO) feel exasee aa 208 179 91 
72X20 4 118,000} 220,000 40 120 90 LOO eater iracar ee Coee ee 
72X24 4 133,000] 230,000 40 120 |100 125 233 194 111 
72X30 2 205,000} 235,000 50 CD25 pees Nomen odd 233 200 lil 


a The catalogs of five principal makers are summarized. This column gives the number 


of makers who manufacture a given size. 
c Not usually by the same maker. 


rolls. 


6 The lightest and heaviest of the size listed. 
Low speeds ordinarily correspond to the light-weight 
d The lower figure corresponds to light rolls at low speed and vice versa. 
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principal makers and gives data as to sizes, weights, speed and power con- 
sumption of rolls available without special design. Note that there is a 
wide diversity in weight of a given size of roll as offered by different manu- 
facturers. The lighter rolls should be chosen only for small capacities or very 
easy crushing or where the first cost is of paramount importance. Heavy 
rolls for heavy service will repay«the additional first cost in a short time in 
lower repair costs and continuity of operation. 


Frame is cast by all makers in a single piece, usually with the lower half of the fixed 
bearing, the spring seat and the discharge hopper cast integral therewith. The sides of 
all but the smallest rolls are of box section, thus forming heavy box girders along both 
sides of the rolls under the bearings. The tops of the sides are machined at one end to form 
slides for the movable bearings and are fitted with removable steel wearing plates that 
protect them from the wear of the movable bearing. Cast-iron and semi-steel are the 
materials used for frames. The bottoms of the frames of the better rolls are planed in 
order to give a proper bearing on the foundation. 

Bearings are made extra long and heavy in order to distribute properly the heavy 
forces brought upon them. Normally they are split along planes at an angle of 20° to 30° 
to the horizontal as shown in Fig. 40. This is done in order to prevent shearing stresses 
on the bearing-cap bolts by bringing these bolts into lines substantially parallel to the 
direction of the resultant of the forces exerted in the bearings by the roll shafts. Movable 
bearings are made with a long base in order to aid in keeping the movable roll in close 
alignment with the fixed roll. Bearings are self-aligning, allowing the rolls to swivel in 
order to permit a hard object to go through on one side without bending the roll shafts. 
Babbitt or phosphor bronze is used for lining bearings, some users preferring one and some 
the other. In the smaller rolls babbitted bearings are plain babbitted, in large rolls bab- 
bitted bushings are used in the lower half. With this provision the bearings can be re- 
babbitted by lifting the shafts. but a small distance and slipping the bushings in under 
them. Some manufacturers provide a holding-down device for the movable bearing that 
prevents chattering and lessens wear on slides and bearings. Bearing caps are fitted with 
large reservoirs for grease or oiled waste and generous oil passages should be cut in the 
babbitt to allow ready circulation to all parts of the bearing. 

Tension rods are made of best forged steel of ample cross-section. One end is fitted 
with a heavy hexagonal nut with provision for pinning in position. The other end is 
threaded with special thread for transmitting power and fitted with a special nut or a gear 
wheel that works against the spring cage. Tension rods are placed as near the shafts as 
possible in order to bring them as near as possible in the line of the forces resisting crushing. 

Springs are of the helical type carried in cages and set to the proper tension at the 
factory. The tension varies from 4000 to 30,000 lb. per lineal inch of roll face. With these 
high pressures the rolls are practically rigid and while there is enough give when an unbreak- 
able article passes through to save bent shafts and broken frames in most cases, there is 
no doubt that there are more cracked frames with high spring pressures than with low. 
The springs do not give until a pressure well in excess of ordinary resistance to crushing is 
exceeded. They take no part, therefore, in ordinary crushing. Springs are held in the 
cages by two or four heavy bolts to each cage. These bolts need not be disturbed when 
spacing the shells nor at any other time except in the event of replacing a broken cage or 
spring or when it is desired to change the spring pressure. Increase in spring pressure 
should be made with caution, as it is usually set by the maker as high as is safe. 

Shafts are made of forged steel turned and polished and keyed for pulleys. In some 
makes of rolls shafts are interchangeable and reversible. In other makes the ends are 
grooved for thrust collars and fitted for lateral adjusting devices in such a way as to pro- 
hibit the interchangeable feature. Normally, the diameter of the shaft is greater in the 
core than elsewhere, in order to put the most metal at the place of greatest strain. 

Pulleys are made of wood, cast iron, cast semi-steel, and with steel disk and cast-iron 
or cast-steel rim. The cast pulleys are made with split hub key-seated and with solid rim. 
In all cases the pulleys are balanced as perfectly as is possible. Wood pulleys or steel-disk 
pulleys are recommended for heavy vibrating duty such as is encountered in coarse crushing. 
Most makers furnish a large pulley on the fixed-roll shaft of sufficient size to transmit all 
of the power necessary for crushing and place on the movable roll a smaller pulley whose 
principal function is to keep this roll moving when there is no material passing through. 
If the rolls are not of the reversible type, with equal pulleys on both shafts, they must be 
ordered right-hand or left-hand, according to the way in which it is desired to drive them. 
In general, the designation right- or left-hand is made on the basis of the position of the 
large pulley when standing at the end of the rolls carrying the spring cages. Standing 
thus and facing the rolls, if the large pulley is on the left the rolls are left-hand, and vice 


290 COARSE AND INTERMEDIATE CRUSHING Sec. 3. 
Table 22. Performance 
Plant Tungsten N. J. Zine Co., | N. J. Zine Co., 
on Mines Co. Ogdensburg Franklin 
Size, diameter X face, in............. 24x14 24x14 26X15 
Set, {inesasaes donee eek hanes deel. Ieee chi, 0.3W 0.025 
Speedy. reps lily nates <i siete. ciahanegn ope mecekore 60 140 98 
Peripheral speed, ft. per min. and 382 880 668 
Tons Mew teed pers: Ness meses eel mueasl | UusisiceLepth-oegeceial<is 48 120 
Tons total feed per 24 hr 200a 192 120 
Actual capacity, per cent. theoretical(Y)| ............. 16.4 151 
Horsepower installed............, gd Sings SATAY. EISGE 3 11 100 
Horsepower consumed ooo og an beh fete ahs 3 9 75 
Tons per hp.-hr. consumed ice Hoadsese Iipeas Ryai sears 0.22 0.067 
Moisture in feed, per cent.. w Dry Dry 
Size oifeeds (Paine ds AOU). SES, ABT OR | 31 23 
Sizd.of product 4P)r. soc ads Ab wont hl, Dees) 31 23 
Angle of nip (V):.- +<h qasise << «cmin’-!| leaaenibGiot etd hae Base ibep eg 
Reductionsretio(@)h wc aesaotle sae Shy side srgaacd fare Isot arate. ohas i 
Attendance, machines per man....... 1.5+ 6 4 
MOS GLIMEs WEEE CELE sere eth ete capone pets scare] fox ores a\ichs) ase apes oes 5 5 
Principal causes of lost time......... 6 Choking Repairs 
Oil consumption, pounds per shift... . 1 lg 0.59 
Method of feedinig. {fox os ost exutizaadloat ai dre ta Chute | Chute 
Method of preventing corrugation. ...] ............. MLS, T MLS, T 
Time to. change shells, Be sie tice mice loattiep scrpern Seared 8 8 
Life of parts: 

Greer OavSe ke Ce. cide cites «ha recone 900 600 
Thickness, Rew, Ini... Oe 3.12 2.25: 
Thickness, discarded, in. 0.5 ro 
Mageriah: cis aad sar hateick catia Stl. Stl. 
Method ofisetting:s sisseity bse dinaateah. Wine « Tid eliete.ant spit: ie: PSI 

Cheek: plates days.....66 453 anya. 1500 1500 
VER CORION . sicinr cc cua Paty eRe oaks MELD San Ge BATES? ee, oblige cgiseqmasal Seakep & Stl. 

ahts Cava: oe aie eet | Sekine 5000 5000. 

Bearings, aya Pors, Spee Av ore 3000 1200 

Springs, WayS\..--. see says ee 3000 3000 

Federal St. Joseph St. Joseph 
Plant M. &&. Lead Co., Lead Co., 
Morning Bonne Terre Bonne Terre 
Size, diameter X face, in.. 30X14 30 14 30x14 
Sethu pets Stacmickcties gare ne lisereb se cl cl cl 
RS] OSG STs a ae SR ate AS he eee 108 110 100 
Peripheral speed, ft. per min. 859 875 795 
Tons new feed per 24 hr............. FEO ge Re tna ya ele ee 
Tons total feed per 24 hr............ TS 200 60 
Actual capacity, per cent. theoretical (Y) PREY VSG Ta, OMS Fa ae” TOC 
Horsepower installedin i ¢ . petdstirs “earthing wat, 21 20 
Horsepower consumed. Seca. atid mags . . eke fies 20 16 
Tons per hp.-hr.iconsumed:: (A) ocr. i |p oe? tenoysye es tests 0.42 0.16 
Moisture in feed, per cent............ 40 Dry ib 
Sizetommecdn(h yet wen ete em eee & 6 6 
Size:of product (Py. FAN Ue. ee aes ON Bak cece Ria nat 4 eee 6 
Angle offnipn (VU) s§ 90) 97297) 0255. 008 13° 24! OO! 13° 48’ 
Reduction ratio. (ein wishlis. ud... cals SeOslUssncacraI aL Te BF 2.8 
Attendance, machines per man... 4+ 13 13 
Lost time, Der Cents. 22.5 scokee Aes smyehnyers ae 0.008 0.1 0 
Principal causes of lost time......... Ss Ai) cb Well daxtblis the Soe 
Oil consumption, pounds per shift... . GS aa I a ee FN Re See Mee 
Methodrottcéding? O78 Rian. oie. teal nts es eet. 5 Challenge Launder 
Method of preventing corrugation... . E,k None None 
Time to change shells, hr............ 3 6-8 8 
Tago par tes 
CU! DAYS). + Seuta’ chtnicis ain Ree ee es 180 n 2 
Whickuneéss, Dew, 1. . oa. .¢ hasie hee AOS) ture Ul rectnretes Sat 2 J re vi 
Thickness, discarded, in.......... (Aig A Se RE RRR Eee GOA Laceh: 
AVEaGenialnies mney ene Nn ec nee Cr n ent eae 
Method of setting.............. d d : 

Cheek plates, days........0..0.0.. FAN RUD IOIOR Ae DA BOL b-tihard, Dali 
Material sscositit stor emia gibt ieee ath CEL ist, a) es ROUEO RI : 

SDAIES;-GAVS.s, 05, she me eusnekcn eA ce Ba 21005. bus. larks te ctehtae 

‘Bearings; Gavan ps. cae Ae Bae ZOO wee dmleetgcchks oe callie 

GHLMGEAUAY Ss noe renee ee 3600 


For explanation of reference 


Art, 12. ROLLS 201 
of rolls 
Cananea | U.S.S.R./}U.S.S.R.] U.S. 9. R. ; 
Consolidated| & M., &M &M., | Tungsten | yycderg! | rederal 
Copper Co. Midvale Midvale Midvale Mines Co. Morning Morning 
27X14 30 X12 30X12 30X12 30x14 30X14 
te f i f Cl 0.25 
120 80 105 80 60 51 
859 637 835 637 478 406 
RDM Saas obs Mere SRN te ss cae pepe ds Storie Meee cag. Wetec Stewencca 160 
cp eee iS Bae 235 160 100 200 220 
O68 Cte eee 10 11.2 4.2 $0) AGRE Se 18.5 
50 20 15 20° = Woh rattgac oe ill . se pees 
21 15 18 T5i- it ieccorpme den dle Se. aor 
0.99 0.65 0.37 OR28 OW sacsie, patch. WOOO SER AIED 
20 Dry 18 Dry w 5 
Erorekte en. 1, —1.5-in —0.62-in —1.5-in 1 
Brent et cscteld (2 —0.62-in —0.25-in —0.62-in 1 
ciegcuo, Bat 21° 24% 13° 36’ 21° 24’ 23° 36/ 
Deere. wes 2.6 2.5 2.6 1.3 
Ee Se SSAIGE RTO. Meceaenny ae Memeetaal Ra & ee aaienas 6+ 
i's) oe i=) = ‘ 4 CRE: 2 0.008 
s h h h Ss 
59 18g 189 18g lg 
G0 St Be Choke td Choke anata tys gE 
Oo Ae E Tee RS mahll eke eae os E,k 
8 8 LOT, oul isa Biers ee 3 
34 148 122 380 170 180 
< Saensy ha 3.5 3.8 3.5 4 4 
soe Sle 0.5 0.5 0.5 0.75-1 0.75=1 
c G c c Cr Cr 
d d d d d d 
2 OAR i 100 100 90 120-180 440 440 
ORD ae ccl cCcl ccl Old shells cl cl 
dest Beth ace eae No repl 360 No repl No repl 2100 2100 
See pce At > 150 120 310 360 2000 2000 
Boke. 350 400 No repl No repl 8600 3600 
N. J. Zine C Braden Bunker Bunker Bunker Federal 
0, Reree | Copper Co.| Hill and Hill and Hilland | M.&S,, 
Franklin anec Co.(Z) Sullivan Sullivan Sullivan | Morning 
30X16 36 X10 36 X 12 36 X14 36 X14 36 X14 36 X14 
0.025 0.12 Cl 0.75W 0.5W 0.25W 0.5 
145 145 120 92 84 84 46 
1140 1383 1130 880 803 803 440 
Giza Wl! Syren: coe 458 100 45 40 500 
192 20 MMe. payed. +s 180 105 fOG«: beh), tetova 
134 ()e Ue 5 Saree ae nae 2.3 2.2 4.5 19.5 
CUS Utes Sede © 60° P|) eters eal Tews tae ot | so Dalledeon) eeyreges ter 
25 15 Bi” (1) Ere asc! fe swath so o> Lee ORME) WER REe 
0.32 0.35 Ova 9) Bla oi woe ad BE a oseede, otal eed reer eke 
Dry Ci SUB .tgetias:e 22 ve 1.6 2.5 
24 —0.62-in CY. — 30-mm — 15-mm —7-mm 4 
24 — 0.25-in 37 —15-mm —7-mm — 3-mm 4 
52°36" ASL SOU THE. ob .0.s abt She Mts 0 ace4 I> Stake nad b vovetere-etere & d 16° 48’ 
SMe MN ere hop nces uate ved Nee PRICES csc ot || Meee wise Mle we S SSSI ls ecw | cacy sve hoes : eae 
2) aaa SIPRES Sasteeieeete, anaes Gene 6+ 6+ 6+ 
5 OR 28 ee thie 3 Or OuL 0.1 0.008 
Repairs SMWUADI 0.4, ; Ss Ss s s 
ne eRe MMs at ayia ss Ns meee cilia Hh bar casei i ig 
ute OCEAN, ev oer bie 6's romme romme rommel)o}) ia. piwiia} 
AF MLS: (GAM SS es. t E, MLS E, MLS E, M E, MLS 
8 Oy Weiler ! 8 8 3 
Fite eae 5s 600 Ol ..ecal... 600 540 420 720 
ks - Fes: BA ales 3.25 3.25 3.25 4 
ode’ OMS Ot, oe eth os 0.75 0.5 0.38 0. 75-1 
Beas wientt Din BE... A i Mn Mn r Cr 
xk. oY de eit Grae q q q Shrunk 
Recon eee ve 150 Detehstae 6 2 3832 BP fice sores < aicels a 440 
Adare ee 2 ccl Pee Ot nee cl Be? eee Beso reas cl 
rae 2 fof ees o ee a's Cote lePefh. 0 ix * No repl NAME oc ily Beesionee sie 2100 
cout o) cadicnen it (BORE ane sl seat hss! reac mit Alcs gee ae ork | Sea Ser Ee 2000 
ae En A eer 0 Seen No repl. . pocee | senese sev 996007 


letters, see page 296. 
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292 COARSE AND INTERMEDIATE CRUSHING Sec, 3. 
Table 22. Performance 
St. Joseph | Ug. 3. R. & M.,| 0.8. SR. &M 
Plant Lead Co., eb oot peta cep 3? 
Paveraines Midvale Midvale 
Size, diameter X facehin-5... ALSO... 36X15 36 X16 36X16 
PCs DIBA rte cas Pa bet ate. 0.25 j t 
Speedup. yy. Atle k Ee 90 90 90 
Peripheral speed, ft. per min. awe 860 860 860 
Tons new feed per 24 hr............. 400 270 135 
Tons total feed per'24 hr............ 600 270 135 
Actual capacity, per cent. theor etical( Y) 22.3 13.8 39.1 
Horsepower installed..........4..4... 50 50 50 
Horsepower consumed............... 40 22 22 
Tons per hp.-hr. consumed ee sroPtorsfict A 0.42 0.53 0.41 
Moisture in a per cent.. eee Dry 20 20 
ize omiocd (2) m0 RA ny 1g baits 1.25-in. max —0.62-in —0.25-in 
Size of product, (Waa) earns ane Ieee —9-mm —0.25-in — 0.053-in 
Anele orenip (WV) 0 28S ane cease: LOO! 12° 48’ Qo 1e" 
Redtietion: rato. (G).h deri titen ees reiccal) seeped BS werichewcrsc Aho |] Ge arctan 
Attendance, machines per man....... ll 2 2 
Bostriime, per cenit..2 605 sense cee: 1 8 8 
Principal causes of lost time......... Choking h h 
Oil consumption, pounds per shift. ... 2 18g 189 
INfethodzof feeding. .otsclose ase els. Chute l 1 
Method of preventing corrugation....] ............. E E 
Time to change shells, hr............ 6 10 10 
Life of parts: 

Shells, days.c. Qh ...!., OREAOEE... 900 87 87 
Thickness, N@w; iID.......tele... 5 53 309. 
Thickness, discarded, in.......... 1 0.75 0.75 
Materialicn(.) ¥ac es fos CAMS. Mn c c 
MVECtHOG NOL SoU OIINe «a shel GRRTHREEES oai|| (ea oe stadoee d d 

Cheek ct dave. coo. GRIZOE!L.: 270 80 80 
Miateriall. suc hdion if. wbbiles tae Mn CCI ccl 

Shatts, days... Sel2.....0)~.AGgE Rea. No repl 300 300 

Beakmes, days Gos... 24... Ws. 270 85 85 

Springs, days, OO08....... dwar ort... No repl. * 310 310 

Plant N. J. Zine Co., | N. J. Zine .Co., | N. J: Zine’ Co., 
Ogdensburg Ogdensburg Ogdensburg 
Size, diameter X face, in..../........ 36 X16 36 X16 36 X16 
CO METL ae b's RE es ree ceed PR AY 0.09 0.12 0.19 

Specderpue eee are ee weed 89 8y 77 
Peripheral speed, ft. per min 840 840 725 
Tons new feed per 24 hr............. 144 192 216 
Tons total feed per 24 hr.. 576 768 960 
Actual capacity, per cent. theoretical (Y) 151 151 138 
Horsepower installed................ 25 25 28 
Horsepower consumed............... . 21 21 23 
Tons per hp.-hr. consumed (f)...... 0.19 0.38 0.39 
Moisture in ee Mer CeNte. os. Mawes Dry Dry Dry 
Size’or feed) (P).c0e0tet os. J. setaieh=... 28 29 80 
Size ofsproduct(Bynt =. «+. .timisS >. 28 29 30 
AB IGTOUMMID ICY )ftckewckenonsts A e\Sisl owes a « 6° 12’ EO 17° 12/ 
Redwetion’ration(e)icina ok occ scee ge MOP J .S 35 sintrccuryene ahd Seca eae eee 
Attendance, machines per man....... 6 6 6 
Lostitnne, per*cent.t). dee ck Gene: 5 5 5 
Principal causes of lost time......... Choking Choking Choking 
Oil consumption, pounds per shift... . 2 29 2g 
Method of feedingwaart . :. leriaan:' ©. - Chute Chute Chute 
Method of preventing corrugation. ... MLS, LS, P MLS, T 
Time ‘to change shells, hr:.......... 8 8 3° 
eo a 

cus, Gaver ie Wiki os pac: De aod 203 456 

Thickness, newfin..)...d8.6%s... B45) 3.5 -o 

Thickness, discarded, in.......... 0.5 0.5 0.5 

Material 052 Sas cask sss a ood Stl. Stl. Stl 

Ao ae of ee aa bill PSCACHE capone | MERA SRR aay WIR. MeN ae MII . 
ek Plghes, MAYS. sc ik Mais. toe 1500 1500) sek ||. eee bOOL eae 

Pr rgtns RARE, ONO Seo Mn * i 1900 
afin, <dawvaleaomxaaa i tacarsiaaciteeeie'h 5000 5000 Na. dil) dl cb Q00 mam 

BEART ES ay g.sciaeia ad ets arecy ct 450 900 ay 

Spnittes, days 25 14s uate 3000 3000 8000 
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j ROLLS 293 
of rolls—Continued 
Braden McIntyre Cananea Calumet Federal N. J. Zine | N. J. Zine 
CopperCo.(Z)) Porcupine Consolidated & Hecla Lead Co., Co., 0. 
Copper Co. Mill No. 4 (Ogdensburg/Ogdensburg 
36 X16 36 X 16 36 X16 36 X l6u 36 X16 36 X16 36 X16 
cl ONO MEO. Cae 0.062 Cl 0.62 0.06 
120 65 85 97 85 72 107 
1130 621 812 927 812 680 1010 
468 550 500 175 400 360 96 
eres | yeh ot o:a.ce've? REND foie) oifowel edocs ss 240 sapped chs 1440 384 
2 eee 8.8 bilo dia Sec 32.3 147 67.1 125 
60 25 50 40 50 24 29 
49 a ae ae ae 30 40 20 24 
BETS tire ceohs 5 1.53 pa eRe esl 0.24 0.42 0.75 0.16 
ARE 8 ae Dry 20 42 15 Dry Dry 
9 ( —1.5-in 10 — 15-mm 26 27 
9 (i <6 + wi ey AR Be 10 — 2-mm 26 27 
2 ae 20° Of Si oie > obese 19° 48’ 15° 54’ 20° 12” 7° 48’ 
5 1.3 Hi. eS COS 8.0 Ser TD f 1.4 2.2 
> aig: “SS ional eee See 4 8 4 6 6 
dat > °0 CSI ee eee 5 2.96 3 5 iS 
>A 4355 (ee eee s b b Choking Choking 
> ah ote ered Ne ee 5g Bs Ph een lg 2g 29g 
Bye Nemes Beer xc Chute u Grizzly Chute Chute Chute 
Sa Be E MLS MLS MLS MLS, T MLS, T 
aoe ae 36 8 7 8 8 8 
300 60 310 360 260 304 
RST aMe as «Ms eho teve: ate ene 3.5 3 3.5 3.5 
oo ieee ee es 1 1 0.5 0.5 
HCS e Mn Stl. Stl. Stl. 
ae came a ghee. Ss p 2 petebiat Mell deratiekte...< 
=} eaptearee ee 60 8) 3 hit ERIC 360 900 1500 
$4.2. ag cI cI cl Mn Mn 
Wass 5s 6 yr. No repl No repl 5000 5000 
Meiers ai 120 No repl 360 600 600 
2 AG 6 yr. No repl No repl 3000 3000 
Federal N. J. Zine | N. J. Zine | N. J. Zine | N. J. Zine Navas Witherbee 
Lead Co., Co., 0., 0., 0, Packard Sherman, 
Mill No. 3| Franklin Franklin Franklin Franklin Mill No.4 
36 X32 36 XK 32 36 X 36S 36 X 36S 36 X 36U 37.516 40X15 
Cl 0.1 1.3 0.75 0.62 0.38 0.25 
80 104 133 130 141 92 93 
765 980 1250 1220 1330 914 990 
600 1200 1200 1440 288 SOO Meme Sheet asek exe 
Dievce cApeehs 2400 1200 1440 600 erict Moke earned 471 
118 242 Syl 13.8 6.33 6.6 15,2 
50 100 50 50 (hs) eee ES foo eee oe 
40 50 25 25 : "en Deere es ee 13.7% 
0.63 1.0 2.0 2.4 OBS aii feces curteny <3 1.44 
15 Dry Dry Dry Dry Dive Dry 
— 12-mm 22 19 20 a1 — 2-+0.38-in. 11 
— 2-mm 22 19 20 21 — 0.38-in. ay! 
14° 24’ W236 MG adic esse sl ac-ateai: uae 14° 12’ 23° 36’ 122.0% 
iors okra d « 1.2 G6 2.8 1.9 ine ce ve Steere 5, 
ee. 2 1 1 a? Tae coe 6 
3 5 5 5 5 D Visa es <n or 
6 Repairs Repairs Repairs Repairs C@holincek ein vce at 
1.59 30g 10g 10g VOGAL sdecatours-ctat ors 5g 
Chute Chute Chute Chute Chutes ll! tecbeussde Chute 
MLS MLS, T MLS, T MES A. MEST, k z 
8 8 8 8 8 3.4 10 
240 600 150 150 200 400 230 
4 3.5 3.37 3.37 3.37 5 3 
1 1.5 1.62 1.62 1.62 0.75 0.5 
Stl. Mn Mn Mn Mn Mn Cr 
ERS Sie oun dts alii ceadus ieneice clays | 00 0.95 aur? hel bears se aire oe p p 
600 1000 1000 1200 300 150 
cL Mn Mn Mn Mn CCI CI 
No repl 5000 5000 5000 5000 No repl. No repl.A 
360 200 600 600 600 No repl. 150y 
No repl 3000 ue SSE Binet ik Cee 3000 No repl. No repl 


etters, see page 296 
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COARSE AND INTERMEDIATE CRUSHING 


Sec. 3. 


Table 22. Performance 


Consolidated 
Plant nie oe Arizona 
ines Co. ines Co. Smelting Co. 
Size, diameter X face, in............. 40X15 40X15 40X16 
bs Wee cc Grats Ses och ee ee mia 0.75 0.19 0.5 
SDECGMEIED Met ete suet tune ccapake« © Ghetae ose 54 54 B 
Peripheral speed, ft. per min......... 573 Bid (20) 23. gees 
ONS Rew, [ECU PETIA wnDN.\. (nso octets «laf = 9 ol Nae aebels: «le 300). UGG i)". 3. sane 
Tons total feed per 24 hr............ 240 400. ~~. Wes 20 XtN a Oe 
Actual capacity, per cent. theoretical (Y) 10.6 24,4 CG ol sea eae 
Horsepower installed................ 20 30 35 
Horsepower consumed...............- 20 26, G1 |) . 3k eee 
Tons per hp.-hr. consumed alas Se 0.50 O86 OOF) oc. eae ee 
Moisture in en per cent.. 3, oe Dry w Dry 
SIZ6 OF ECC CE.) ice ters oc ois DE ee Deco ntie wreamie bp SON Bantte, fe ayompe 2 |) .iankt fae 
SIZELOLMLOO UCL CE.) Sat acs > kale eee ll qua epee cence eaetet AI % WUE Tobe Lisations: ts R 
Anglotor mip CV) me ero be ce ee sce sci wc R ec sete ODA Ta leche Ml aaa ee 
eduction Tao. (Chee os ease verde es) o- «Vata. cee oe de srars ces) Pek | cach edie een 
Attendance, machines per man....... 1.5+ 1.5+ i+ 
Post time, per CeNbS «ccc s-ehe cee 2 2 0.95 
Principal causes of lost time......... 6 6 Power (s) 
Oil consumption, pounds per shift.... 1:5 : ee eerie ee We ee 
Method of Pobaine: STD OD. MARR SED oh i) Woecres apres Sua Trommel 
Method of preventing corrugation. ... Ek E,k E 
Time to change shells, hr............ 18 18 14 
Life of parts: 

WHEMSe GAYS. pce hee ele suse ee ws 210 90 190 
Phicknegs, BEWs aD. eee 8.5 3.5 4 
Thickness, discarded, Lyrae eee 0.25-1 0.25-0.75 0.25-0.5 
WVERECTION SEE ON ivleree Tete ne HC. HCS Cr 
Method of setting. :............ Shrunk Shrunk... . |... ae eee 

Cheek plates, days:.... 2... Yom... 210 OO... ss ob ~0d ie eee 
MVISTLOGIAI. «5 cence cata’ cance cys: Old shells Oldgshells’. .u|| .: } cere ee 

Shatve: days).7, MOM...555.. MRI. . No repl. Notreph «> - «|| <d. een eee 

Bearings, fois Bice ORSeeaet Seen it cee 360-490 ESQ. vs + <) oo dresser 

Springs, days. Vove 4.1. at OO. No repl. Noirepl..+--«\\-+-4geaeeeee 

St. Joseph 
Replogle Porphyry 
Lead Co., 

Plant Steel Co. Riecrinines Copper 
Size, diameter X face, in.. 5 A ke 42x16 42x18 43.516 
Se ty bites eee cages aye Seas Selo aeder ewes ote. coe || bots «AMM iapalfe: « 0.25 cl 
Speed, ep diate iat cthege toate hake si <eaea eo 120 90 125 
Peripheral speed, ft. per min......... 1320 1000 1440 
Tons new feed per 24 hr............. 300 800 750 
Tons toval feed: per O4 hres! 3... UW. oo]... MEPS ow oh. 1100 1400 
Actual capacity, per cent. theoretical (Y)| ............. 26.3 181 
lorsepow.éer installed<2 2 hich: GN ch iw Me ke POOR. acts. GE «ch. eee 
Horsepower consumed. . Oe coi 23 65 55-65 
Tons per hp.-hr. consumed. CH). Pe ee 0.54 0.51 O.4a2 
Moisture in feed, per cent.. Pies | A Dry Dry 35 
SiWANNO! eel le) brat Se ao ee 34 +1.25-in. max 13 
Size of product (P).... 34 —9-mm 13 
PATISAC LOR DION CU) pene oO iera cies b Pits ceete ol foctetaug ae ven aiete 17°36" PTE Oy 
Redtivgon Tato (eyes fie a Sek Nth tes ccc. | Gab coca on ches 16.8 
Attendance, machines per man..:....| .....i....... 11 8 
PAG RUMOLIIC = DEX, CONG Mia cereale. occe ete, ee ch Lesa a te ehoslace pages 1 nf 
Prinexpal: causes of lost time. Sse! |. eee Sl, Choking Ss 
Oil consumption, pounds per shift....| ............. 2 6 
Methog* of feeding: ::2:2:..).. 21S.) 2. SIE. Chute Launder 
Method of preventing Corrugation ss. <i... kamete ck. k k, MLS 
Tane-we change shes hrs oP. nce Bow enhed 6 o£ 
Life of parts: 

Shelise days. seis oct tus setae Sl bss AMO os hs 900 33 
ARMickness | Mewes shini..e kettle oe Rega « oh 5 4.75 
Thickness; discarded, in... 2.4. .|'.... seeks. «te. 1 if 
INESELCTICULS arco Mtmciey +e cis ens wis ehtetens ot be <3 Maret cates Mn Cr 
IMEC HOGMOL BELLING sxc u oie aot OR a Tihuneriat to hos lb Reick tciciecete Shrunk 

Cheez plates dayee......1... GEE ||... SOM tj... 270 33 
WSCCTIANEC. setts sale es shart + Mn CI 

BUSH Mda ve ee ee ee No repl No repl 

Bearings, days 270 66 

Springs; days M230 Urs. US... No repl No repl. 
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of rolls—Continued 
Phelps-Dodge Phelps-Dodge, eee Shattuck Moctezuma | Moctezuma 
Morenci Morenci Mill No.4 Arizona Copper Co. | Copper Co. 
40X16 40X16 42X16 42X16 42X16 42X16 
0.25 0.25 0.5 0.38-0.5 0.19 Cl 
80 80 75 120 80 80 
850 850 835 1336 890 890 
350 ZODRT | di nwieesre UNL, 480-600") i cat ton at 625 
eee ase a wns 400 486 1440-1800 1000 1000 
12.4 14.1 8.7 23 AY are Crates rete a 
SMD diet te Pr ais Sr sc sleds oi sy aiSull, vos: 0x6 <2.0 Sbdexil) «4 thaa ca dcdee 6 50. 50 
18 18 15.4i 40-50G 16.7 16.7 
0.81 0.46 1.3f 0.5 2.45 1.53 
Dry | 20 Dry Dry w w 
— 0.75 X2.5-in.| —0.5 xX 1-in. 12 — 2.5+0,62-in. —1.5-in —7-mm 
— 0.5 1-in —0.25-in. LE OB | x3 tale Stara, | Maw asiecd eb dl bon eee 
17a 2 11° 36/X 20° 36’ 26° 6’ 21° 0’ 22° 12/ 
ReEaensster sas IE. fac scares tios’ess, 608 1.4 Bo Re CNC B DIDO: pa © fst teee bed 
6 6 6 1+ 3 3 
2 Dd GEN ES Eee Cai lee @6 1 1 
s Pe is ee ie ee (G F F 
8 haces a ee || On ee 59 £5 ee Fee La hG 1.79 
Chute I Chute Chute Launder Launder 
MLS MLS Zz k, D AF AF 
8 8 5-10 32-40 3.5 3.5 
210 135 200 60-75 70 70 
3.5 3.9 4 5 5 5 
0.5 0.5 0.75 0.75 0.5-0.75 0.5-0.75 
HCS HCS Cr Cr Mn Mn 
ooo engl ee | ee Pp Shrunk q q 
420 420 T50! Gee . iL. Petes canes 70 70 
cl cl Ci cl cl cl 
RE a Wie pare sauce, «5 No repl No repl No repl No repl 
210 135 150 60 70 70 
eee rae wires, Kirt No repl No repl. No repl No repl. 
Nps American American 
fete Goh Zine, Lead Braden. iRedeel Timber Granitic | Zinc, Lead 
c C & Smelting CG Pez) Mill No. 4 Butte Zinc Ore | & Smelting 
BOGE ACA Co., Mascot id i Co., Mascot 
43.516 43.516 48X18 48 X 24 54X18 54 X 20 54 X20 
Cl Cl 0.12 cl cl Cl 
120 92 90 65 87 108 92 
1385 1060 1130 828 1246 1547 1317 
1250 350 605 1O0OLsaie) signed... 700 1400 
2500 TOOOnsgViA« to Seetaeial MSh.- ati at. 711 2100 2800 
225 Vices CLUS Tens iste COO severities le = Mees 271 66.9 
S100 se ol lege aaa 100 50 110 100 150 
is LOOMEN | cg cee. 65-90 50 75-90 70 95 
OU ee Upeeratetege ret, CU e ee as tiene 0.83 0.36 ~ 0.42 0.61 
15-20 7a tae a feb ee ot 15 w 45 Dry 
TIBI THOR OAR, TID, 36 0.7.53inimax. (te Ses! & 16 15 
“eos .seatilo.. 36 —12-mm. | ......... 16 16 
PS EtAS eens. 28. ceteris Ale. 2 VE SSC le” cull Mebers eaves cm |)” chdiersiscevexexe 23° 54’ 
MN SOON Bean 514 PTS rer sO ans Wilhaas tase vo oie enenett Migaaa » wl Sennadlaue se 3.4 6.0 
BA DPLDOMIB MG LANE POI DS}. 98) 4 2 aa 2 
TI) SUT s Fee Sie erga Ch Ace aes aR 3 2) ' ihigead bine 5 
<5 eM SSCA spelen pele logeinbeae b Choking s ib 
es g Oe anritesh ho ate pe woot: . 12 . Me ie 
ut OTEOD:? Leb. hed tous Give eaten. UG 37 opper to) 
MLS. Fed, ud tt MLS MLS LS MLS 
3.5 TORY ohh eee. « 8 16 8 10 
240 Ne honwislea tos 360 30 45 120 
” 4. Sosy acdc 4 5 5.5 5 
0.75 Ry eters ts - Merde 1 2.25 1 1.5 
at 16 (ORY alla econo oe Stl. t HCS HCS 
Shrunk Snrunicien. 2 ska Deter ae eile sietesets oeeexe Shrunk Shrunk 
365 PULOMmn Heth oe, 360 30 90 1100 
cl GRARAD | 20% DAPI CI Cr. cI cI 
No repl No repLoaig ciate oett. No repl No repl No repl No repl 
365 Norepl’ | facertiectes 360 No repl. 270 No repl. 
No repl. IN@idgol | ERS at No repl No repl. No repl No repl. 


letters, see page 296. 
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Table 22. Performance 


Alaska Replogle Replogle 

Plant Gastineau Steel Co. Steel Co. 
Size, diameter < face, in............. 54 x 20 54 x 20 54 x 20 
Set, inp hee AMG ee cs cds TR ee 0.19 QA OWN ssacchetbeMevoract 
Speeder: p mit). ie eisscsdinle foes 104 86 104 
Peripheral speed, ft. per min......... 1490 1205 147 
Tons new feed per 24 hr...........+. 1000 1354 1440 
Tons total feed per 24 hr............ SOOOMR Fl ho ccxass sonore ove Ib apar aves ctutaray ore 
Actual capacity, per cent. theoretical (Y) 106 EAR. CP Se Riera 
Horsepower installed........ Pee ee ASO! «as Wu pl's de oxiradeponss on emanates hii abet anata ocauecrenae 
Horsepower consumed............... TAS. CO che orchestra 50 
Tons per hp.-hr. consumed (H)....... OeS8e DL Vi ch... see as ols 1.2 
Moisture in feed, per cent............ Dry Dry Dry 
Sizetof feed (P). 88st or 2. i80re. es. 17 32 33 
Size of produce CR) Aptis tee tara a 17 32 33 
INR GIOMOLEMID (CV) coe ties wold sic ls sys Se, lace ate e) oe Salers ae PHUQL TC UW LL PRS eee 
Reduction ratio (€)e.-.45.4.c085-06: 15 eed = ls A 5g cts arn bi ora ome one 
Attendance, machines per man....... Pe a | is eee | See Meri eNe Oe ac 
Most timestper cent. Mee pee on OEE) ve cpanel tocent P|. ope s oo aenehs woos s. Ll reg, eiarweeeele 
Principal causes OL LOst MG te lag Me ay! = ferspel tere ot otarct H[A he oan RSs oem | I] oaks anes Ataaire cee 
Oil consumption, pounds per shift... . 12 WO NN. eae ence en | oe aeicece aaa 
Method Vor feeding teed © 2 da MRE] oe che ame PE, PT Sate oe ce EN mice Se eere cer ane 
Method of preventing corrugation. ... KSUMLS) 4) ho ee 2 Uh a5 tere 
Time to change shells, hr............ Pets: Soa es Rees, - Auger | MPa en - Piss Gc 
Life of parts: 

Shells) dave. 2.4. Wao rad. cae COMO Tl di cc aks oll cacceeenee 
Phiekness, Mew, iD... wah... wo By Pl shaqscnere Me Mineterc He -oeke ete eee 
Thickness, discarded, in.......... Ui EE A Te eee | es | en SF ae = 
INI SCOTION: Soret oie cid cena «Me TICS 3S BN). fh. coy, Cea ob sapere Rae eee 
Method’ of setting. 2..!.5.. 24 Shrunk Mg). §)) thine maestro) [po oo a ne eee 

Cheek plates, days) .......0ss0-e6s: GO MED 1) dics eera | IPs cece Memeren eters 
WEALOLION, Oe Ne ae cee Cove ge sm CIA A hae coats sahil oo cke Semaine 

Shatts; days... MSL O%s 51. RE INGO REDE OVE oF cn cvs tansy ar ar crcvct Mt rcv ak cen ene 

Bears, GRY Sen. fees wages mage eee s LGOMGL OS Boe Cae. C55 tl careyesc Aiaeme eee 

Springs; Gays 00k 8 es 7. eae INO RETUE ee A ob ecacesten fem cmaninsl he sepa eee 


a Overloaded. 6 Choking and changing shells. c Midvalesteel. d Wooden wedges. 
e Ratio of average size of feed to average size of product. f Topass %-in. ring. g Grease. 
h Changing shells, babbitting bearings, alignment, choking. i Average. Maximum = 22; 
minimum = 11.8. j To pass 7-mm. round hole. k Regular shifting of feed. J Shaking 
launder. m Changing shells; broken gears; tramp iron. n QOne shell cast iron, life 
400 days; other steel, life 300 days. Steel shell has one transverse groove, 1.5 X 0.75 in. 
to aid nipping. o Horizontal slot with fingers. p Tapered cores. gq Wood and steel 
wedges. r Mild steel. s Changing shells. ¢ To pass 0.053-in. round hole. wu Shovel 
wheel. v Rigid. w Wet; per cent. water unknown. x Average. 18.3 maximum; 
7.0 minimum. y Bronze. z No corrugations. Center grooving eliminated by turning in 
lathe. A After seven years’ service ends turned down and fitted with steel bushings. 
AF Automatic fleet. B Fixed, 70; movable, 84. C Hot bearings, breaking of foundation 
bolts, choking. CJ Cast iron. CCI Chilled cast iron. Cl Close, faces in contact. 
Cr Chrome steel. D Rolls flange and corrugate. Flanges burned off with acetylene torch. 
E Emery bricks kept on all rolls. ¥ Shells slipping when thin; clutch shoes wearing. 


versa. Occasionally both pulleys are placed on the same side, the stationary shaft furnished 
with an outboard bearing. This arrangement is much superior from the standpoint of 
safety and convenience. 

Roll centers, cores or hearts are made of cast iron. A typical form for large rolls is 
shown in Fig. 40. The fixed heart (7) has a long tapered hub. It is pressed onto the shaft 
under hydraulic pressure running up to 300 tons per square inch. The movable heart (8) 
is split and drawn onto the hub of the fixed heart by bolts (21). The outer surface of the 
hearts is tapered toward a least diameter along a circumference at the central transverse 
plane of the roll shell when in place. The roll shell is correspondingly tapered inside. 
Shells are put on by first removing the movable heart and slipping the shell over the fixed 
heart, then drawing the movable heart tightly in place by means of bolts (21). Frequently 
the shell is expanded by heating at the time the cores are drawn together so that when cool 
it shrinks down on the cores. A special bolt (22) is provided for backing away the movable 
heart when necessary. One maker puts the taper on the shaft and makes the outer surface 
of the hearts and the inner surface of the roll shells cylindrical. The advantages claimed 
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of rolls—Continued 


Phelps- | wy. Zine 


Chino Con- Braden 
Dodge, ra McIntyre r Alaska Alaska 
a / solidated rag see : Copper Co. 
ae Ogdensburg Porcupine Gopper Co. Gastineau Gastineau (Z) 
54X24 54x 24 60 X30 72X20 72X20 72X20 UPAR 
0.5 0.62 1 1 r526 0.62 0.25 
100 58 52 72 108 108 88 
1430 820 827 1373 2060 2060 1660 
Parsnip: 600 2000 See ROTC 6000 6000 1382 
3000 1200S Pete chee ees DOOR Mal (Better sete ae 8000. gles em Foye eee 
1 30.9 9.6 21.8 13.9 SAPP i Lied | Rare, Ae Soe ot 
2: maint enn acer 150 300 150 150 200 
a) SSS er: 59 50-60 80 80 141 
LA?) al eS eae a 1,42 3.78 3.12 3.12 0.40 
ae oe Dry Dry Dry | Dry Dry Dry 
ovr’ rere od 25 8 — 3-in. — 3.5+ 1.25-in. 18 36 
Eerencrerae. 3 2 See eer a ERA Seta bate 93 18 85 
3 Ch eee 16° 24’ 26° 0 1720 17°24" 14° 36’ ae eee 
See eae 1 3.4 Seca hea! | atte ces ea ee caro ean Ses 
2 (eS rs P 1 3 2 Dh OE ee Dees 
: to Seal) eee ee ees 0 Oe oe las Aas Se acto! as 28 ae 
-. o.o.c 5 Cet ie > Re Cal eae 2.5 12 | 12 AD dae pe 
See es Chute BEEP eatare Chute MISE Sut arterial etl ensues CU! A nh Re 
MLS E MLS k, MLS KE MLS eae Leena. 
2 a8 et eee eee 100 18-30 5 Roe ene 
se Lae Get SS Bees 563 365 80N 80N LAD rede Re 
ee 4.25 4 6 6 oufemenetararews 
sic ore en eee eee 0.75 0.75 0.62-0.75 (| 0.62075) Ie. wenn 
aera ys 4 ee Stl HCS HC Dc sh Mensa 
PEN eb Porat Socschavese Yoo || Saeederanas ovate Shrunk Shrunk Shrunk TS cee ORME 
1 Ob-0 a tel eee 100 365 80 0 ee ear ee 
5 ooo tb eR CeCe eens Mn cI Cl cl BD Fe ieee 
eta: Seen ee ee No repl No repl. No repl No repl fet eee es 
BREN. || ores, ec goes 300 365 160 160 ie ree en 
eA eh Riess ew No repl No repl. No repl No repl he eke Se 


G Estimated. H Based on original tonnage where available, otherwise on_ total. 
HCS High-carbon steel. J Crucible steel. L Broken shells; jammed threads on tension- 
rod bolts; loose pulleys. ™M 0.1252lb. perton. MLS Manual lateral shifting. Mn Man- 
ganese steel. N 0.0543 lb. per ton. P Numbers in italics refer to columns ia Table 21a. 
R See sizing test, conical ball-mill feed, Table 55a, No. 16. S Edison type, rigid, cor- 
rugated shells. 7 High spots burned off at intervals. U Edison type, spring, corrugated 
shells. V Minimum dimension of largest particles of feed taken as 0.6 times aperture of 
screen that passes feed. Where set of rolls is not given it is taken as 0.6 times aperture of 
screen that passes all of product. W These settings do not accord with size of product. 
X Feed size reckoned at 0.9 times short dimension of slot. Y Based on total tons passing. 
Where set of rolls is not given it is taken as 0.6 times aperture of screen passing all product. 
When set close the mean opening is taken as one-half of 0.6 times (= 0.3 times) the aperture 
of the screen passing all product. Z 29IMM 238. + Indicates that attendant has other 
duties. 


for this method of construction are strengthening of the shaft at the point of maximum 
strain and greater ease in rolling the shells. A serious disadvantage lies in the fact that 
the expensive shaft is subjected to a possibility of considerable wear with resulting necessity 
for replacement. In smaller rolls wood or wood and steel wedges are used between the 
shell and a solid cylindrical core. 

Shells are made of high-carbon steel rolled similarly to locomotive tires, or of forged 
chrome steel rolled or bored to size and taper, or, less frequently, of manganese steel ground 
to proper shape. In old practice the shells were made of chilled iron, but on account of the 
impossibility of making a uniformly hard shell, this material pits rapidly and badly with 
resultant loss in crushing efficiency (see Sec. 4, Art. 27). For light service, rolled high- 
carbon steel shells are entirely satisfactory. An advantage claimed for them is that, due 
to the fact that the surfaces are not extremely hard, there is less failure to nip than is en- 
countered with harder shells. Likewise they do not crack readily and therefore can be 
worn down very thin before replacing. 

There is great difference in steels from various sources. The products of local or little 
known shops are particularly to be regarded with skepticism. Ferguson (50 A 290) gives 
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Table 22a. Sizing tests 
(Figures under the headings F 
Reference Numbers............ 1 2 3 4 
Piast Federal Federal Federal Federal 
M. &S§. M. &S. M.&S M.&S8. 
Sereen aperture 
| 
Mesh In. Mm F Pp F 12 F iP; F ie 
eee 3.0 Sa Dh ale k > a eRelaha ahs oo RA il eet ARG). Sew wate ela ok 5 eee 
ideas, veh 2).5 Ne ncchecalenee ee ech: Lc ghd e cata ae av. Al's epee 2. cab oMNO a eo walt abs ce ee 
Petes at | 20° a ere) eer ace | RRS MR 2 ER OG lM ta Mt Marne Aes niles Ce 
Sherctane SAR 1,7 Qa ere a eo ee ees ahiecsds) «agel sie: OER cls, apag a» host een 
eiatshs teers 1.5 38.10 0 sok ogy POM pe ee tlie sche eae on elie «(ge ete 0 :, oa 
eee a 1.25 SeanCustade des ve Older ceat ollahcs smenen alll olren-anad liste, ie, Sliotctls Newer aati ed iat Pete ciengiad Vea na 
Pes areca 1.05 DOG 2 NW Ree AGE 8 wince SR eos eta |e cet abal | lis, aire ical Pore War aig hal orem yf 
SAREE oo 1 neh es Peuracace Pe re 4 0 BO AW nba tet Ale ee RotettwWrasw, wat ae aE 1.6 
BSH Page atta 20 CA Soa alee ee Slows hoe dicen oe tee Sek, Ape 6 OUEST. Llane Ree ane 
sietedestatace’: 0.742 US SSO Dees were elie re eocge aegis a [lovee toe calla cess el: 6) | scare aiiea| epee eet ee 
RS, 0.62 PES Ohare teres. Cane ke eae (meee « Ol IMRAN pre PAI ee Ven 
eMatiawe 0.525 5S o> am oc a'\\4 « < Ree als ot AM oe icles aoc aha aha eee 
Bee ee 0.5 SEINE ices slob eh hs «8c aha ool cee sen 'al iw cinibtell lease een ee 
Sete egset ts ell neta te sais AED 12 G8 531 18. Sa os nll SOME. oe Sh ee es LO ae eee 
Be ered Re tec REPORT Cs 10 BPR one Pees cliee « ous Blinc ee gd ate auc toreee ellen eae aes |S alte ene a mace 
Sicatex gees 0.371 OAD aM ee ake | Un Se lee OMS creme eaties este. ce Ga Seay cael | ote oe Cer 
aera ha tetee dell AeMeecessceee es 9 49.67) £49. lala ates Sal hects cls sscteieee lancer er cos'|, LAP som enna 
ais has SOMERS GD tel s Ieee 8 as se 8 | 4's ARE ROE SEat a oP ERAS oes bs (les -0 3. a La a 
3 0.263 OCS We eka os co Mccall wo 2 Ave ag lee ee i ee 
Deoruveere 0.25 Wesco <4). < fiemete ..2). depts 0% clenrere dhaliw de sere 
Ps ct ch Me Rem A 6 Pee She co GWENNe cine elie che Se elegy Soa) ea clara ef a) ee 
a Wakedsbured eels s eRe 5 SERIES REISE Sr0i thik MRE ley Ae erie! eee Mel pM FE Brosnan Fo 
4 0.185 4.70 725-7-21.8 | 66.50) -14.4-4-44.6-) Gago wligeero eee 
htt. oR s MOE ESS 4 RES eee a eee eee ecu et cad, ane all's: aun ell erate ete 
6 0.1381 3.33 1.2 O95) SOLO lr ee oF. 0 DO Wet «7 oe eee 
Tahoe: ERA, ow ote aie 3 Sete wc nse econ APrecia Nees eather rat lr ec bh ste Ph ns aL gee 17 <6 
8 0.093 LC a oecpcheaitieey Rect cosa Aa ee RON | ote |B ae Ie IP adh A ERR a ey Co 
APN OS ETS BOF 2 eet Ae Po tee ples cu tty Semmes] sim Cr nee reels las cakie aie eae 
10 0.065 PGES en | So. SEMI eee nme Ee RIAE ER DPS SUR eae, eee 
14 0.046 PSUR, BUSSE UE, TRAN Sac ee Mee AU eee el oe sels oo acral eee 
SH TULA SARS .4. TAR BE ae StI 3.9 SOT SBT USS, 4-1 6S 901 te Oa) wae 
20 0.0328 Were (S Tb I leh a a ek AS) kere SEN We leeneatecal ee EN Niven kaart bs Beer cil Byer 
28 0.0232 Ce ae TO hi ia Mea fc In belied kee Ss tenner Bi aDheracae Le iste 
UT WPS Bet NS ON Se ON CE felt hE Sis herald) ho A eal beim RI Ad eh Bae Mt a Mt MN 
35 0.0164 (Oe ORL IR eae Ma eles aes vl eateaiersccrdoy eget sera be pee bees femme tae ae eth 
OBEN SEGUE PAGS, CHROOT LT On deere 9 SO NN ashe 23°7 3.0 7.4 
48 0.0116 Oe ae HELE asic cau Se Nas SMPS Co eteacse Naas ace Ae ccca lees chee 
Oe pera Vam ars set cng cye, cgeXe ou atl lan- <i.c, NG) lela i) Spee sansikercaul's cen ctconaia’| GRcraad oll checkers [kc ere etl eee 
ME ee Er oe poe Ss. Be | aera lie ened a lelvee stn tiusradioo do: Had tent nena 
65 0.0082 eR lee Salle ge aia cr | EB a Wy ol ah as poten site. a Vache reura decile ee s 
SU) oi severe) tices lites ak read, eed Ct Aw oo AUP ya Lae ar I, Oe are a 0 a 
100 0.0058 (Oe ii rea ee ea eee TES) ttn UR ves 25 3.9 
LUD le Bed acrb ist adr cans SURMISE nes | PERERA ER ae P(N See aT RAP RN (CSM (Se 
150 0.0041 ORTOP a A iepatetle tone Beall cee ich, BL Regard eaiyed Mane gh col purse pale cA Ge 
200 0.0029 OOM Rae cake cal SB: rede elite: Sarda ce sesteee Vit Pere el Ay Piso Ed Se Teal 
SU) Rea owreren ec Wecsrad|k-tnne, nos teeeeeile, Jae. SE Sune RA di deeste Alene Aes 49] Char ee ere 2a ‘ 
SOO ae Poictarns Mellie cap erat y Pact gad eee all abe Comntden Lee TOON CL a allies AM ee Tee 
Through last screen: - as.me'. whys e| Tees ORD ices eeteas BUSA Pee alters ao) 2.6 3.8 
Average diameter,(6) in........ 0.405 |0.310 |0.156 |0.078 |0.107 |0.035 |0.374 |0.202 
Average diameter,(b) mm...... 10.29 | 7.88 | 3.96 | 1.98 | 2.72 | 0.89 | 9.50 | 5.13 
| 
whe ae =DW 
a Principally slabs. 6 Av. D = SW where D = screen aperture and W = per- 
F = feed. 
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referred to in 


Table 22 


and P are weight per cent.) 


a aT ee 


ROLLS 
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5 6 7 8 9 10 11 
St. Joseph | St. Joseph ither! 
Lead Co., | Lead Co., McIntyre | McIntyre Calumet ace 
Bonne Terre|Bonne Terre Porcupine | Porcupine wr tie & Heela | nein No. 4 
ath = PF is F Pp F se) F ded iees Meih— e F 12 
EO GE Evenarao8 shave kaes-p|'vin~sterlle oy pherersl|'s serene SLAG ew Morena pire |4 tore lesers al coheed. toby alae 
ALE) Ee aaweya nfl cos ora taxd|'¢ (a: <Parolh ere ot on atall se Lares NE Sets Ges] OIE til Semel eee ep alla « & ica ace 
MEZPNG ad Ae cel sack ausv online etarl ac oe Seo4 law jeree 3.7 Pe ara heel acta eel] OEM (eS bkeas| aR Gallen 
Ne Ate eed A ater eee ci-vcl: 65 des Hedloonce chews cnly oh AMOI oh clears 
Aes Medel ered 10.0 - B15 1-287 con, host als bed pao ebaleok aa 
PEER TES N RePsh ise o d= ca| vfok arena Alster «ll vihee Sled A Hehe Bem | Tele £:.G eta eho | eae ce at 
Beer ay cesetHincan.* 607 2$|\s evctst ats 2 oh vars ZL iO) bite LOA on tle lettered a). ee len) 0 
SEMAN Feeds of otser ell fon cher 2-3 tee e oll sins Sel Mane tell allo = lek. = Gea.eh. (eee OFS, | eae chert tee ses 
Nl Notenrd 18-01-86 3)-db occ ch Noch latched Wbeat ear 
rd hc d ee ces|> +, tA bbane | eed) 14x6, PRERSL ay. te Rie Cole 
RPA e Me Pam een fet 1.1. A MOM es eh oA] vay oe] sz APRS ote Me Bclace [le oe alc, «, ouikerenters 68.6} 34.8 
en Eater eiar al anor new Wc mscshosills.c sh stvel| w elect olling arettlvn wiocode oa 48 «lea tet tlo.0 82 latent Ratoall's Seow 
Serer erento seven hoe Al acoevotell sso? otated|s & tonctall eon Gonaeal|N Late 235 / PELOE ON.” 8 Sera we 
22 eee oe Dye alerr a ccals a elma Palle cdma tee Rivalt, saa etl mers lls PBs SAG 0 Baba tet tie 
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and 20.9 per cent. + 314-in. 
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Table 22a. Sizing tests referred 
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F = feed. P = product. 
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Table 22a. Sizing tests referred 
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to in Table 22—Continued 
27 28 29 30 31 32 33 
N. J. Zine | N.J. Zinc | N. J. Zine | N. J. Zine N. J. Zine 
: Co., Co., Co., Co., Co., Replogle Replogle 
Ogdensburg | Ogdensburg | Ogdensburg | Ogdensburg | Ogdensburg Steel Co. Steel Co. 
F P F iP F P F iP F Pe F 12 EF 12 
neers erabrih eortheds en, 8 Mex. Slay hod Aes clade Si tah Gewokks, oebekae, 
RE, | S36 On ehellecis Jah. Laxcwall clave, c8 due he SD. f Bad oeMOROl kena Nl. 
nares, 88 oh Goekeg cay 46, IhE ook sholn id: eam lesan iis defi ortsldcentalions. . 
ree aes, be aoenctel alt sont of vaca 99820. (Oatlet edechaleds bear lb FeO ol anselorak.. 
ea sites OheL ow illh vont. cbevk cil 20 ibe BoBlenaevatee bas bak, .. Aemads (ponukldeas.. 
Be eeiredia tly: es holis, ah B27" |! Os6} 876 WBA lB |i dar. Seed liner AMO 4 094 Blew. 
Ree oil 140.8: 11Gb. 152062 bo dvdl 20084 BM Tle.kcschtl. We [ooh etleeOuls MBaline.. 
ee ONE h 6: 4x) BitleG6s8o| 1618). oF: Zap AST acc ated. elias OE. Roloc. 
321952; 8). 5616} 6.7) 14.22): 1824|.-0.0 | 4.4) 0.1 be. Aves. se 900) CONTI... 
Bre hi0; 86191 58). -0.9-| 26651-0010.) 109). @Ld de U.2|i5. so Madsdaly rodel. oc. 
11.7 | 18.9] 2.8| 9.5) 0.1] 15.1) 0.1} 1.4] 35.4] 48.4]......). 1.9] 17.7] 0.2 
OAGOw e205) 1:1 SaO Oa! 8.4; O.1 O79) BOt9 PFSh..0) shee FR lh RE eet 
0.3 | 15.4) 0.8] 11.4] 0.0.| 5.5] 0.0| 0.8] 19.1] 30.5|......| 5.2] 8.7/ 30.4 
0.2 Saar 70). 5 Ze Ost 8.2|..0.0 0.4| 2.6 bo) PO a | 8 eee yc 0, 3 Ce 
ee OS 1871 + 10.07) 8.01) 0x0 bu Oidl e024. DBT] suai PALE Adel! oBBloan.. 
IEP DS Ra NRO cl. gi wal aarti h abel odes paca A hdus shat tag's y Neestcigis CoLit O8D) 28:27 
0.1 2.8) 0.3 BAO 0,0 2.2| 0,0 C0} en Oa | FETS eres ob) SJ el aes -* ST 
ek col halo salB teeeehas. Atel Aoeliet colt dP Sih OWN TS. 3 
0.1 2.4) 0.2 40 -O 1 Ht Ol) O OF 2. 10.0, UB Gee Smee ey FRel Nene a s Cpe 
owe! ayo ellos di oredr eollS gn esse ILS Figo Bip Bice ecient to Cee (eae (net ea Lethe) Gnd 
0.2 2.3) 0.2 sie Deal 16) ORL 0.3; O.1 OPS ee see 192 |5,. 28 2.4 
oo 6ln0.1 | 3.8) 0,0 | 1.0/0.0 | 0.2], 0.0 hr.0.4|....Ag0G. |. .Oufia... 
0.2 ite, GeO) AL: S9l) 20-1 10)) Oe) 0.3), Ou DA asks. Masbate | ges OM oe sia 
“0.9| 6.7] 1.0] 13.0] 0.6] 3.0] 0.4] 0.9] 0.1] 0.9] 0.4} 4.3] 2.5] 18.9 
).096 10.045/0.126 |0.032/0.204 |0.098/0.391 10.273/0.052 |0.040)1.585 |0.467/0.128)0.017 
2.45 | 1.14} 3.20 | 0.80] 5.17 | 2.50} 9.93 | 6.95} 1.33 | 1.02/40.23 |11.87| 3.26) 0.42 


V = percentage weight on screen, 


F = feed. P = product, 
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Table 22a. Sizing tests referred to in Table 22—Continued 
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Average diameter, (6) mm...... 0.98 | 0.75 |22.30 | 9.06 |10.18 | 4.47 | 3.45 | 2.21 


=DW 
b Av. D= Sw where D = screen aperture and W = percentage weight on screen 
F = feed. P = product, 
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the following chemical analysis and physical properties of a good rolled-steel tire: G 0:65; 
to 0.80 per cent.; Si, 0.15 to 0.30 per cent.; S, 0.04 per cent.; P, 0.05 per cent.; Mn, 0.6 to 
0.85 per cent.; ult imate stress, 125,000 lb. per sq. in. : yield point, 72,000 lb. per sq. in. 
elongation, 10 per cent.; reduction in area, 15 per ene, On three tests with these shes 
the wear was 1.06, 3.8 and 4.25 lb. per ton crushed. These figures are all much above 
normal. (See Table 22.) The six new tires weighed 4494 lb. total and 1640 lb. total 
- when discarded. Manganese-steel shells have longer life on coarse feed than chrome- steel, 
but on fine feed there is much less difference and the advantage i is with the cheaper chrome 
steel. Life of shells under varying conditions of service is given in Table 22. 

In a mill where rolls are used for crushing different sizes of material, partly worn shells 
' from fine rolls may be transferred to the coarse rolls, provided these are of the same size, 
since the loss of efficiency in coarse rolls, due to slight pitting, is much less than in fine 
rolls. Flanging and pitting of roll shells are prevented or materially slowed down by 
proper attention to lateral adjustment. Emery bricks held constantly against the face 
of the rolls diminish corrugation. At Van Ror mill (101 J 465) the use of such bricks 
tripled the life of fine-roll shells. In Souru-rasrerN Mrssourt flanged shells are taken 
off and ground or turned down in a Jathe, according to whether they are manganese or 
rolled steel. A 54 X 20-in. shell can be turned down in 20 to 30 hr. dependent upon the 
extent of corrugation (57 A 346). For rolls with wide faces the shells are sometimes made 
intworings. At Oxn1o Copprr Co. (99 J 748) shells for 60 X 24-in. rolls are in two sections, 
one 10-in. width and the other 14-in. This construction induces grooving at the joint. 

Housing is made of cast iron or sheet steel. In most cases the lower part is cast integral 
with the frame and provided with a flange for bolting on the upper part. Most makers 
provide the upper part with cast-iron ribbed sides and sheet-steel cover. Hinged inspection 
doors of sheet steel or of canvas ribbed with steel straps are provided over both rolls. The 
housing is made as nearly dust-proof as is practicable. The shaft openings are covered 
with special devices to prevent emission of dust and grit. The sides of the housing are 
made sufficiently strong and stiff to carry the weight of the feed hopper and in some cases 
also to carry a feeder. 

Cheek plates are made of hard iron or, rarely, of special steel. They are bolted to 
the inside of the housing in the hopper-shaped opening formed by the sides of the housing 
and the upper surfaces of the rolls. They should be made capable of lateral adjustment 
by means of bolts projecting through the housing so that they can be properly crowded up 
against the edges of the rolls to prevent the passage of uncrushed material between the 
sides of the rolls and the housing. Life of cheek plates is given in Table 22. 

Feed hopper is placed to one side of the opening between the rolls in order to deliver 
the stream as nearly as possible to the center of the opening. It should be furnished with 
distributing plates for spreading the stream of feed across the full width of the roll faces, 
Adjustable side plates are also a convenience. Liner plates for the hopper are made of 
hard iron or manganese steel. The life of liner plates is from 30 days to several years, 


Commonly they are changed with the cheek plates, 


Adjustments possible in well-designed rolls are (a) the distance between 
roll faces, and (b) lateral adjustment of one or both roll shafts. Adjustment 
of the distance between faces, or ROLL SETTING, is accomplished by changing 
the distance between the faces of the nuts at the two ends of the tension 

rods and by change of the total 
le thickness of the shims placed be- 


*) tween the forward end of the mov- 
VAN idit'| IN Mn 2 =| 
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able bearing and the frame. In 
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making this adjustment it is im- 
portant that the shafts be kept, 
parallel. In most rolls this is ac- 
complished by pinning the nuts at 
one end of the tension rods and so 
arranging the nuts at the other end 
i : that they are both moved equally 
Fic. 41.—End adjustment for setting rolls. aud taependentiy ne the aaatene 
mechanism. Fig. 41 illustrates the adjusting mechanism on one make 
of rolls in which the adjusting nuts are turned by spur gears operated 
by intermediate gears from a common pinion. ‘This mechanism draws 
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the movable-roll bearing up against a block of shims whose total thick- 
ness is that necessary to keep the roll faces a predetermined distance apart. 
As roll shells wear down the shims are changed to allow the roll shafts to be 
drawn closer together and thus compensate for wear. This end-adjustment 
mechanism provides for backing the movable roll away from the fixed roll in 
order to free the rolls in case of clogging. It also allows the rolls to be backed 
away from or drawn up to the shims while running. 

Side adjustment is necessary to prevent flanging and circumferential 
corrugation. In order to prevent flanging the range of side adjustment must 
be such that either edge of both rolls can be made to run for a part of the 
time, at least, on the face of the other roll. To prevent corrugation rolls 
should be shifted through a distance of about 0.6 times the diameter of the 
largest particles in the feed. Lateral adjustment is accomplished manually 
or automatically. At Smuver Kine Coaurrion (99 J 615) the life of shells 
on fine-crushing rolls was increased from 90 days to 2 years by installing 
rolls with manual fleet and adjusting every 16 hr. The objection to manual 
adjustment is that it is likely to be forgotten or purposely neglected by the 
roll operator and that a short period of neglect may result in ruining the 
surface of a pair of shells. The only objection to automatic lateral shifting 
lies in the difficulty of making a simple, durable and certain shifting mechan- 
ism. This objection bids fair to be overcome. 


Several operators report satisfactory performance of the Traylor mechanism shown 
in Fig. 42. In this device the 
worm (C) cut on one end of the 
fixed-roll shaft (B) operates 
the worm wheel (D) on the 
transverse shaft (2), set below 
the main shaft. The worm 
(T) on shaft (#) in turn drives 
the worm wheel (G) on shaft 
(#1). A worm on the other 
end of shaft (7) drives the 
worm wheel (K) on shaft (L). 
Shaft (Z) carries an eccentric 
sleeve (N), fitted to aslide ina 
machined recess in the thrust 
collar (O). This collar carries 
grooves into which fit corre- 
sponding collars cut on the end 
of shaft (B). Lateral motion 
of the eccentric sleeve (N) is 
thereby transmitted to the 
shaft (B) which is caused to 
move backward and forward 
along the line of its axis through 
a distance determined by the 
throw of the eccentric (N). 
This mechanism is enclosed in 
a dust-proof case cast integral 
with one side of the roll frame. 
SECTION 1-14 SECTION 3-3 The case carries bearings for 

the various shafts. Variation 

Fic. 42.—Traylor automatic lateral adjustment for in amount of lateral move- 
rolls. ment, or FLEET, is accom- 


‘ plished by changing the eccen- 
tric shaft (L). The chain of gears is such that one complete cycle of roll-shaft movement 
is completed in about 30 min. 
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Sectionalizing. Most makers will furnish rolls up to 30-in. diameter 
sectionalized so that the heaviest piece does not exceed 300 or 350 Ib. 
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Requirements for ideal rolls are that they should be rugged, simple in 
construction, compact and the working parts should be readily accessible; 
worn parts should be capable of easy change with as little dismantling of the 
apparatus as possible. Springs should exert a pressure sufficient to crush the 
hardest rock and yet should be sufficiently flexible to pass unbreakable sub- 
stances without bending the shafts or breaking the castings. A substantially 
dust-proof housing and large dust- and grit-proof, well lubricated bearings 
should be provided. The mechanism for adjustment for distance between 
roll faces should be capable of rapid and easy operation, in order to facilitate 
clearing the rolls in case of clogging, it should not necessitate a change in 
spring pressure, and it should advance both sides simultaneously in order to 
maintain proper alignment of shafts. If possible there should be automatic 
lateral adjustment of one of the roll shafts. Fleeting devices, however, add 
considerably to the first cost and thorough investigation of their trustworthi- 
ness should be made before purchase. 

Performances at a number of mills are shown in Table 22. 

Angle of nip (n) is the angle formed by the tangents to the roll faces at 
the points of contact therewith of particles to be crushed. ‘This angle is shown 
as angle ACB, Fig. 43, a. Particle P, which is to be crushed, is assumed to be 
spherical. If r is the radius and D the diameter of the rolls, d the diameter of 
particle and s the distance apart of roll faces along the line joining the centers 
of the rolls, the following relation holds: 
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Neglecting gravity, the particle is acted upon by forces applied at the 

points of contact in directions indicated by the lines Ff (Fig. 43, b). These 
forces can be resolved (considering one side only) into ; 5 
a normal force N and tangential force T. If the nor- ay 
mal and tangential forces are resolved into their hori- S y 
zontal and vertical components respectively, it will 
be seen that the particle will be drawn down when 
the vertical component of 7’, acting downward, exceeds 
the vertical component of N, acting upward. The 
limiting condition is reached when the vertical com- 
ponents of T and N are equal but opposite in direction. 
Under this condition the particle will neither be nipped | 
nor thrown out of the rolls but will ride in the hopper 
formed by the converging faces. With this condition 
the following equations may be written:—N,/N = sin 
n/2; T,/T = cosn/2. Dividing the first equation by 
the second, tann/2 = TN,/NT,. But under the assumption 7’, = N,. There- 
fore tan n/2 = T/N. From the ordinary relations of mechanics T/N = tan- 
ent of the angle of friction. For stone on iron the coefficient of friction 
(= tangent of the angle of friction) is about 0.3. Substituting this value in 
the above equation, tan n/2 = 0.3; n/2 = 16° 42’ and n = 33° 24’, 

In practice the nip angle rarely exceeds 25°. The average nip angle in 
[5 sets of rolls reported from the mills was 17° 26’. The range in angle was 
rom 5° 36’ to 35° 30’.. The angle averaged 23° 21’ for feeds coarser than 
in. 19° 26’ for feeds between 1 and 2 in., 14° 38’ for feeds between 0.5 and 
-in., and 11° 25’ for feeds smaller than 0.5 in. The variation is due, how- 


(6) 


Fig. 43, Nip angle of 
rolls. 
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ever, to the use of large rolls with small feeds in order to get capacity and 
the angles used with coarse feeds may be taken as the safe average figure. 

The angle of nip varies with the diameter of the rolls, the diameter of the 
particle and the set of the rolls. In order to nip large particles, rolls of large 
diameter must be used, or the reduction ratio must be small. When feed of a 
given size is not being nipped, the usual alternatives are to install larger rolls 
or to increase the distance between the roll faces and consequently increase 
the size of product. A third expedient reported by one plant was to cut a 
transverse groove in one of the roll shells. The effect was, of course, to increase 
the nip angle at this particular point. 

At American GrapuHIte Co. smcoth shells would not nip. The difficulty was eliminated 
by drilling eight sets of four 1.5-in. holes at equal angular distances around the roll faces 
(120 P 569). 

Diameter of rolls required for various sizes of feed is given in Table 23. 
The largest commercial roll is 78-in. diameter and rolls smaller than 24-in. 
are rarely used outside of the laboratory. 


Table 23. Diameter of rolls required for various sizes of feed 


Minimum diameter of roll, in.(a) 


Diameter of 


largest feed 


particle, inches 


Reduction ratio 


Ga ey oul 4:1 Sane | aaah 
CPR BD BR a clttescvaees tur Ie ce Se cepuene Mle dees» Se tg es, BERS 121 
SE eee at RCE Co) Sion, ll Sttegsa erate al ee ci eee) eee oe 100 
cl ae. Tile RE, Se, Ian MRR oe SPORES SL St ed SE a 80 
Si Dae sk seses corte ssc, «| Me Senter eRetean| SE eaM ACR. oi 95 70 
Bi AED er eee AL EA srt alli g pea oryces te 81 60 
2h eee eh laters etere: Uhy beeen FORE 68 50 
2 68 65 61 54 40 
1.75 60 57 54 48 35 
1.5 52 50 46 41 31 
1.25 43 41 38 34 25 
1 35 33 31 27 20 
0.75 26 24 23 20 15 
0.5 17 16 16 14 10 
0.38 13 12 ll 10 8 
0.25 9 8 8 7 5 
0.12 4 4 4 3 2 


a Allowing 25° nip angle. 


Reduction ratio is a phrase commonly used in discussing crushing perform- 
ances. It has no exact quantitative significance, but may convey useful qual- 
itative information. As defined by Truscott in connection with rolls, it 
is the ratio of the size of the largest feed particle to the smallest distance 
between the roll faces, 7.e., the set. As used frequently in the field, it is the 
ratio of the smallest aperture passing all of the feed to that passing all of the 
product. Another basis of expression is the ratio of the average size of feed to 
the average size of product. (See Sec. 22, Art. 5.) In the relation of size 
reduction to angle of nip and strain on crushing machinery, the first expression 
is the most significant; in stating the duty of rolls and their performance in a 
flow-sheet, the second; in judging the relation between duty and power con- 
sumed, the third. When rolls are set close, the first method is, of course, 
inapplicable, without knowledge of the mean roll spacing while crushing, and 
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this is not, normally, available. The mean ratio of reduction in average size 
from Table 22 is 3.4; individual figures range from 1.2 to 16.8. 

Speed of rolls is limited by the ability to nip and by the weight and rugged- 
ness of the rolls. Hence the allowable speed is affected by the diameter of 
rolls, the kind of ore, method of feed, reduction ratio, and size of feed. Speed 
should be lower for hard, tough rock than for soft and brittle rock, less for 
dry feed than for wet feed, less for coarse feed than for fine, and less for a 
large reduction ratio than for a small, nip being the controlling factor in each 
case. The speeds reported range from 382 ft. per min. for rolls 24-in. diameter, 
to 2060 ft. per min. for rolls 72-in. diameter. Practice tends to keep below 
900 ft. per min. with rolls up to 36-in. diameter, below 1000 ft. per min. for 
42-in. rolls, and not to exceed 1500 ft. per min. with 56- and 72-in. machines, 
more or less independently of the other factors; higher speeds are dangerous 
to springs, shafts, frames and foundations. 


At Mrami Copper Co. 55-in. rolls taking — 3.5-in. feed are run at 100 r.p.m. and the 
same size roll taking — 2-in. feed is run at 115 r.p.m. At Eners (123 P 183), crushing 
to 1 in. in 54 X 24-in. rolis, capacity was increased and power decreased 40 per cent. by a 
decrease in speed from 110 to 54 r.p.m. 


Cornish rolls, gear-driven at 50 to 100 ft. per min. peripheral speeds, are 
occasionally met. The allowable nip angle is much greater at these slow 
speeds and the product is likely to contain more fines than the product of high- 
speed rolls because of the tendency toward choke feeding and restriction of 
discharge. 

Capacity of rolls. The theoretical capacity in tons per hr. is given by the 
equation : 


NDWSG 


© = “78,300 ’ 

where N = the number of revolutions per minute; D = the diameter of the 
rolls, W = the width of face and S = the set, all in inches; and G = the 
specific gravity of the rock being crushed. The development of this equa- 
tion is based on the assumption of a solid ribbon of crushed material whose 
length is 60 times the distance traveled by a point on the roll face in one 
minute, whose width is the width of the roll faces and whose thickness is 
equal to the set of the rolls. With open setting the actual capacity never 
reaches the weight of the ‘‘theoretical ribbon.’’ The theoretical ribbon is 
more nearly approached the smaller the set. Table 22 indicates that for 
rolls set coarser than 1-in., a capacity of about 5 per cent. of the theoretical 
ribbon is to be expected. For sets between 0.25 in. and 1 in. the average 
performance is 15 to 20 per cent. of theoretical, while for sets less than 0.25-in. 
the average is 20 to 30 per cent. of theoretical with free feeding. With choke 
feeding in closed circuit with a screen, from 100 to 250 per cent. of theoretical 
ribbon is to be expected, the set of the rolls being assumed as 0.3 times the 
screen aperture. The rolls may be set in actual contact or with some small 
space between faces, but the mean cross-section of the ribbon is, of course, 
greater than the setting, since the rolls recede against the spring pressure at 
short, irregular intervals. The percentage of theoretical ribbon that can be 
crushed is about 50 per cent. greater in the case of soft, easily crushed rocks 
than with hard, tough rocks. 

Power consumption, in terms of tons of new feed per horsepower-hour, 
depends upon the kind of rock being crushed, the size reduction, the size of 
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product and the amount of circulating load, if any. Average figures from 
Table 22 are 0.4 ton per hp.-hr. to less than 0.25-in. size; 0.6 ton per hp.-hr. 
to a size between 0.25- and 0.75-in.; 0.75 ton per hp.-hr. to a size between 
0.75-in. and 1-in.; 1.6 tons per hp.-hr. for a product between 1- and 1.5-in. 
and 2.8 tons of a product between 1.5- and 2-in. These figures disregard the size 
reduction and the character of the rock, on the basis that in the number of 
examples given these average. Reference should be made directly to the table 
when the character of the rock to be crushed is known to be similar to that at 
one of the mills reporting, since variations from the average are large. 

Feeding. Rolls must be fed at a constant rate and with the stream 
distributed over the full width of face in order to get maximum capacity and 
efficiency. If the feed stream is not distributed over the full face, circumfer- 
ential grooving occurs under the feed point and the amount of crushing 
done at one pass rapidly decreases. If the feed is not constant in quantity 
but comes in surges or rushes, the rolls are liable to choke and stall or, if the 
driving equipment is sufficiently heavy to prevent this, they spring apart and 
pass a mass of material only partially crushed. This causes chattering and 
excessive wear on slides and babbitt; it produces a greater tonnage of circu- 
lating feed, if the rolls are run in closed circuit with a screen; and makes it 
impossible to reach maximum capacity. Types of feeders designed to insure 
constant feed rate are described in Sec. 20. It is good practice to drive the 
feeder from the roll shaft so that when the roll stops the feed will stop, but in 
such a case the residue in the feeder must be removed before the roll starts 
again. If the feed contains a large percentage of clayey material, rolls are 
liable to choke. 

It is best to balance the speed of the rolls and height of drop of the feed in 
such a way as to bring the feed particles to the roll faces at a speed as near 
that of the roll faces as possible. In this way there is no differential move- 
ment of particles and roll faces with resulting polishing and difficulty in 
nipping. 

Rolls may be FREE-FED Or CHOKE-FED, the former phrase indicating freedom 
of movement between particles resting in the V of the rolls prior to nipping, 
the latter that the particles at this point are piled up to such a depth that no 
free movement exists. In free feeding each particle is broken substantially 
individually and crushing is practically uniform and continuous; in choke 
feeding masses of material are rolled through intermittently, the roll faces 
springing apart to permit their passage. In this compression of the mass of 
rock there is much abrasion between particles which results in a less granular 
product than that from free crushing. Except in the case of the largest rolls, 
choke feeding can be practiced only with material already crushed to 14-in. or 
less. 

Rolls are ordinarily run dry, especially at the present time when they have 
been displaced by ball and rod mills for re-grinding middling. 


The fine rolls at Mrami were originally designed for wet crushing, but in operation they 
worked better with dry feed, so the water was cut off the feed and added to the discharge 
(115 P 565). These rolls have now been removed. 


Dust production with dry feeding is a distinct disadvantage; the dust is 
difficult to control and causes trouble with belts and bearings. 

Size of product. The lower limit of size for efficient roll crushing is not 
clearly established. Where a product passing a 10-mesh screen is all that is 
desired, it is probably more economical to complete the crushing in rolls than 
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to install rod or ball mills. If a product finer than this is desired, ball or rod 
mills will crush more economically than rolls and the weight of practice is to 
carry roll crushing not finer than 0.75-in. In many cases ball mills are taking 
feed much coarser than this. Rolls can be made to crush to 20-mesh or finer, 
but to do so, must be set close and run “choked.” Such practice is highly 
uneconomical, on account of wear and tear and power consumption. 

Graded crushing is an operation of gradual reduction in size by means 
of a series of crushers, each set with a smaller discharge aperture than the 
preceding, with material fine enough to pass the following crusher removed 
between the crushing steps. The purpose is to minimize production of slimes. 
The size reduction in successive steps in graded crushing is usually small, i.e., 
of the order of 2 or 3. The alternative extreme is to break down with as big 
steps in reduction ratio as the size and strength of the crushing machines will 
permit, with no removal of fines ahead of successive crushers, except that the 
last crusher in series is in closed circuit with a limiting screen. 

During the years before the introduction of flotation processes in base- 
metal milling, when minimum sliming was essential to maximum recovery, the 
tradition that graded crushing was necessary was established, apparently with 
very little experimental evidence. Recently an exhaustive investigation by 
the New Jerspy Zinc Co., crushing a sphalerite ore with granitic gangue 
from 1-in. to 0.1-in. maximum size in rolls, showed that the amount of —0.025- 
in. material produced was the same, within a range of about 2 per cent. of the 
weight crushed, irrespective of the number of steps or the presence or absence 
of intermediate screening. Tests in the laboratory at Columbia University 
have shown that the sizing test of the product of a pair of rolls with a given 
set is substantially the same with a given rock, irrespective of the size of feed, 
provided only that the rolls are free crushing, that they will nip the particles, 
and that there is no undersize present in the feed. The significance of the last 
restriction lies in the fact that if the various feeds contain different amounts of 
undersize these will have different effects on the screen tests of the products, 
even though they pass through without any breaking. These facts would 
seem to establish definitely that there is no advantage from graded crushing 
and intermediate screening in free crushing in rolls. 

Corrugated rolls differ from the plane rolls already described in that the 
shells are corrugated transversely. Corrugated shells are used in a few metal 
mills, usually where the feed is too large to be nipped by rolls with plane shells. 


At Hoxuurncer (1922 Bul. CMI 343) a set of 40 X 20-in. transversely-corrugated rolls 
set at 0.75-in., running at 110 r.p.m. and drawing 45 hp. takes the product from three gyra- 
tories, one set at 1.5-in. and the others at 2.5-in., at the rate of 125 tons per hr. Finger 
gears are used on these rolls to keep the corrugations in mesh. The driving motor has a 
double-throw switch to allow reversal in case of clogging. The shells are manganese steel, 
4 in. thick. One set weighs 4730 lb. and crushes 200,000 tons, so that steel consumption 


is 0.024 lb, per ton crushed. 


Character of roll product. Two cases arise, viz.: (a) The rolls are set 
spaced a definite distance between faces. (b) The faces are set close. 

In the first case the feed ranges, in general, upwards of 75 per cent. coarser 
than the set of the rolls (average of nineteen cases at random was 83 per cent.) ; 
the product ranged in the cases investigated from 4 per cent. coarser than the 
set to 78 per cent. coarser, average 45 per cent., which gives an average reduc- 
tion in the percentage of material coarser than the set of 45 per cent. In the 
same operations the percentage of material finer than half of the roll setting 
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averaged 30 and ranged from 2 to 66 when there was an average of less than 
5 per cent of such material in the roll feed. 
With close setting the average reduction in maximum particle’size is close 
to one-half, this average applying as well where the maximum size in the feed 
is 20-mm. as when 1.5-mm. The average percentage of material in the product 
that is less than half of the maximum particle in size is about 60; the range is 
between 30 and 80. In the cases investigated this average represented an 
increase in such material over that present in the feed of about 214 times. 


Applying these generalizations to specific problems: (a) Given a feed containing 75 per 
cent. +1-in. material to be crushed in rolls set 1-in.; the average product would contain 
45 per cent. + 1-in. material and 30 per cent. — 14-in. material. (b) Given a feed containing 
5 per cent. of +20-mm. material to be crushed in rolls set close; the average product would 
contain about 5 per cent, +10-mm, size and about 60 per cent. — 5-mm. material. 


Cost of roll crushing. The elements of cost are power, labor, repairs and 
lubrication. See p. 309 for data on power consumption. One man can 
attend to from 3 to 12 sets of rolls; the average in 20 plants investigated, 
where the roll tender had no other duties, was 6. Repairs may be estimated at 
about twice the cost of roll shells. Consumption of lubricant ranges from 
about 2 to 30 lb. per 24 hr. On the basis of these quantities the cost of crush- 
ing to —4-in. should not exceed $0.07 per ton in small rolls (36-in. or less 
diameter) nor $0.045 in large. Coarse crushing will cost considerably less on 
account of smaller power consumption and labor cost. ‘ 

Applicability. Rolls are the most widely used intermediate crushers for 
handling feeds smaller than 1.5-in. and delivering products down to 0.1-in. 
In such service they have large capacity, low power consumption and rela- 
tively low repair costs. They are rugged, reliable, simple in construction and 
easy to repair, 


Selection of rolls. 1. Open-circuit crushing. Determine the set necessary (p. 311). 
From this and the small dimension of the largest feed particles (This averages 0.6 X aperture 
of the hand screen that passes the particle, if of granular shape; 0.4 to 0.5 times, if slabby.), 
calculate the diameter required for an allowable nip angle (p. 307). Determine from Table 
21 (p. 288) the widths of face available; choose a suitable speed (p. 309; Tables 21,. 22); 
then substitute in the equation for theoretical capacity (p. 309). Allow for the difference 
between actual and theoretical capacity (p. 309; Table 22), and determine the number of 
machines needed. If one or less, the size chosen is indicated, but with a large reduction 
ratio and small tonnage, two smaller rolls in series may cost less both for maintenance and 
operation. If more than one machine is indicated the alternatives are: two or more smaller 
machines, in series (which will change diameter requirements) or in parallel, or fewer and 
larger machines, with more favorable nip angle. 

2. Closed-circuit crushing. The set must be less than 0.7 times the aperture of the 
screen closing the circuit (pp. 311, 516). The percentage of oversize in the original feed 
to the circuit that will return after one pass through rolls and screen will vary, depending on 
the ore, roll setting, ratio of roll setting to screen aperture, and screen efficiency; it is 
rarely less than 40 per cent. and sometimes above 80 per cent. The circulating load may 
be estimated (based on a percentage return experimentally determined, or estimated) from 
S=a/(1 —r), (a = tonnage of oversize in original feed, per unit of time, r = percentage 
return expressed as a decimal, and S = tonnage of circulating load). Total load to the 
first machine in the circuit is S + tonnage of original feed. 'Tonnage in closed roll circuits 
varies (Table 22) from 1,3 to 5 times the original feed; average, 2.5 times, Proceed as in (1). 


13. Rolls vs. disk crushers 


Smooth-faced rolls are limited in service at the coarse end to 3.5- to 4-in. 
feed, taking 25° as the allowable angle of nip and 72- to 78-in. as the largest 
diameter manufactured, and even these rolls are limited to a 2: 1 reduction 
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ratio on such feed (see Table 23). The capacity of such rolls is enormous, but 
so also are the weight, cost and 
power consumption. A disk crush- 
er, on the other hand, will take 
coarser feed, if necessary, will make 
a larger reduction on 3- to 4-in. feed, 
and, although of smaller capacity 
than rolls, is of much less weight, 
cost and power consumption. Hence 
in the coarse range of intermediate 
crushing the disk crusher is pref- 
erable to rolls, and particularly so P 
in plants of relatively small capa- Fie. 44.—Toothed rolls. 
city. Inthe intermediate range, taking feeds of 2- or 2.5-in. maximum size 
° : and making a 4 or 6:1 size reduction, 


= both rolls and disk crushers are available. 
ex Here the advantage is probably with rolls 

Va } a if the rock is hard and the tonnages large 
 € and with disks under the reverse condi- 
7 tions, it being borne in mind that rolls are 
JNA. the more rugged machines and will proba- 
bly cost less in repairs and delay due to 


shut-downs. For fine crushing, delivering 


2p pppnpnnnnnnnryy at, say, 14-in. or finer, the advantage is 
m7 or all with rolls, 


DAADNANANBNANANA — 


Hawh-b/// tooth 


14. Rolls for coal breaking 


These are to be considered from an en- 
tirely different point of view than the rolls 
used in rock crushing. The duty required 


> léequalspaces @1g222 a 


preg PEG ett from anthracite rolls is breakage through 
Fic. 45.—Toothed-roll shells a relatively coarse screen (rarely less than 
(66 A 422). 1\%-in. and usually 33¢-in. aperture) with 


as little oversize and as little —34-in. material as possible. In bituminous 
work 21%- to 3%%-in. is usually as fine as 
rolls are called upon to crush. The break- 
ing work is relatively easy and toothed 
rolls are ordinarily used. The reduction 
ratio is small and the question of nip angle 
is unimportant, hence the rolls required 
for a given capacity may be much lighter 
and smaller than rock-breaking rolls. Fig. 
44 is an assembly of a typical set of coal- 
breaking rolls with toothed shells. The 
rolls are geared to insure that the teeth 
mesh properly. The shells are usually 
cylindrical segments, bolted to the core, 
and in most modern forms are fitted with 
replaceable teeth, usually made of man- 


Johnson tooth. Spear-head tooth. 
ganese steel Fic. 46.—Details of roll teeth (after 
The shape and spacing of the teeth are ahaa e , 
of the utmost importance in determining the performance of the rolls. Fig. 45 
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Table 25. Performance of toothed rolls in 


Rolls Speed 
Size of 
xuaee Breaker Size Revolu- Feet per feed 
Neanihes Shells vers SRS 

1 Short, Mountaiiiy.....5:- she 2 a 115 918 B 
2 Williamstown stags mtyteiaes ont 2 6 SOIR coe B 
3 WilliamstOwleenetescews - 26+ 2 b SOMA ORS B 
4 ‘Williamstowenccee «5 =< os. -: 2 b 80 sulee. oni B 
5 Williamstowirie: .... 20505505 2 b 80 ee, eeu: B 
6 Won (POR U Re -ioncc poder cess 2 ih eee RRR I Ns 301 S 
7 AN @iaeal Sin is eadeumchare Cheer aoe ee 1 Wi ay APee ie 905 L 
8 @amerom oes. corset situa 2 Minis 4ePeet 256 Ss 
9 Gameronls se St acts (a3 See Pies 1 Min altattyaseric 250 L 
10 GWammerone ensure S spcietncg 3 NAT Nh. cee oe 246 B 
11 hukesPidler 4 LAs. eel: 2 Mri sees Se 233 Ss 
ioamieiake Brdllers- yi seehs aul ose 1 Mit | Bae oe 1107 L 
13 Duk@sbidlon wo aepeare tee eet 3 Mitt |S ee 281 B 
14 SCObt. oo peak canta oe wie aa 1 Mat tis). oe 1008 L 
15 SCOUUN ern ena atte Sadat sacs 2 Mir ete 364 S 
16 Pennsylvania ie 92. 1 Migs ss - 240 E 
17 Pennsylvaniay. ner hacd ened 2 far aiipe ies, 345 S 
18 IRONS TOG. ae Ea ae eg a 1 MB foc \Ristocuded 288 Ib 
19 RCH EROS ee ttt texans var tte cca 3 0? a eee 289 B 
20 Jeddor Nox4rteyewe eet See) 2 1 Lloyd 135 ~ EAs Aes L 

onl JeddorNow4 Gd)iz Metts... ete 2 Lloyd LSS adler ees S35 B 
22 Fie hlamid ( Ni@aabee. 1as..: a8 ta tet nn 1 Lloyd Wee L 
23 rehlandyINO.. 9. v2.5.0 ocaiases 2 Lloyd 13Be cans S,B 
24 hanstord@Norows eerste. 1 Lloyd pg Stand pees Sot L 
25 anstord INiom5 eh ieee ae 1 Lloyd 135322 ete L 
26 hanstord Nor 5.02. SUNeF ce. 1 Lloyd(e) ISSee aeons yb 
27 anstOrd iNOw0. ake aoe ae 1 Lloyd(e) (SRS Rie eee 1b, 
28 Manstord INO. Gans oe cues 2 Lloyd 138" {SASS S 
29 LansfordiNok62i!0G, (Osan: 2 Lloyd 135. We=aseesei9s S 
30 Rahbn- Nos 11] . seis ek 2 Mn TSS ee eae S 
31 Rain Nios Wliiaeeien gs tres? yo 2 Mn Dts OM bse es coat S 
oe Va wom ae mon cvcersts. fait a 2 Mn LNSteR Foe nae Ss 
33 AMONGST Ca eee 2 Mn (e) I Pee B 
34 TamaquaiNo. lene ice . 2 Lloyd BS Oise eee S 
35 Mamgqua’ No. 14s4 <5: lesa: 2 Lloyd(e) 138) losixtove Ss 


a Solid cast; 896 teeth arranged diagonally and alternate. Teeth in fair condition, 
b Manganese steel; 840 alternate teeth. Good condition. c Average of7 tests. d Aver- 
age of 10 tests. e Johnson hollow-ground teeth. B= broken. B, = buckwheat No. 1. 


shows two common forms of tooth used in anthracite breakers. Fig. 46 shows 
details of the usual spearhead tooth for different sizes of rolls and also an 
improved form of tooth that is claimed to produce a greater percentage of 
domestic-size coal than the usual forms. 


Table 25 gives performances of rolls at a number of anthracite breakers. The tests 
at Lansford No. 5, which are directly comparable, show a distinct advantage for the Johnson 
tooth. The tests at Rahn No. 11 are not comparable, but comparison of tests Nos. 37 and 
32 at Rahn No. 11 with test No. 35 at Tamaqua No. 14 would seem to indicate, if the coals 
are not greatly unlike in breaking characteristics, that in breaking from steamboat to 
egg size the Johnson tooth produces both less fines anu less oversize than the usual forms. 
Tests Nos. 34 and 35 are directly comparable and show a marked advantage in crushing 
with the Johnson tooth in that it produces no more steam-size coal, in fact a little less, in 
breaking from steamboat to egg size than the ordinary tooth in breaking from steamboat 
to broken size. Comparison of tests 6, 8, 11, 14, 16, and 18 indicates that in general high 
peripheral speeds cause higher production of steam sizes than low speeds, but test 18 is not 
concordant. The tests presented in Fig. 47, as well as the results in Table 25 taken as a 
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(After Ashmead, 66 A 422) 


anthracite breakers. 


Per cent. by weight 


Steam 
sizes 
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different sizes in coal broken through various screens by 
toothed rolls (after Ashmead). 
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whole, show, as is to be expected, that the finer the domestic size crushed to, the greater 


the percentage of steam sizes. 


Test on toothed rolls at CRanspprry Crepx Coat Co. anthracite breaker (19 CA Sire 
No, 1 rolls, 33-in. diameter with 4-in. Johnson hollow-ground teeth staggered in both 


Feed (1000 1b.) 
No. ] rolls 
Screen, 4%-in. round hole 


G) (548-lb.) 
No. 2 rolls 


Screen, 3'%-in. round hole 
&) (453-1b.) 
No. 3 rolls 


Final product 


Fic. 48.—Flow-sheet for test on toothed rolls. 


table. 


directions. Rolls were set 4234 in. 
center to center. Speed, 33 r.p.m. 
No. 2 rolls, same diameter and speed, 
but teeth were 214 in. high and rolls 
were set 4114 in. center to center. No. 
3 rolls, same diameter and speed, 
height of teeth the same asin No. 2 
rolls but setting was 4034 in. Feed 
to the series of rolls was +6-in. lump 
coal. Flow-sheet was as shown in 
Fig. 48. Results were as shown in 
Table 26. Adjustment of the rolls 
raised the percentage of domestic 
sizes in the final product from 79.3 
to the figure (82.6) given in the 


Lincoln (11 Bul. UI No. 9) notes that the product of toothed rolls crushing bitu- 


minous coal has substantially the same size distribution as that of coal as broken in mining. 
Comparative screen tests are given in Table 27. 


Table 26. Results of 3-stage crushing of anthracite in toothed rolls 
Size Product, weight, per cent. 
Screen, 
Name inches No. l rolls | No. 2 rolls | No. 3 rolls Final 
(rd.-hole) 
Steamboat te meet Sts 4% 54.8 HeSt © eae AA. eae eee 
Broken dap: PSPS ERS Res 34 18.5 47.0 22.3 10.1 
BGR sick eter ee es 2546 7.9 cha: 40.6 41.3 
StOv6e . oh akaehe eras EN, ds 1% 5.0 8.7 20.1 18.9 
INIA. so. ba Des % 4.9 6.4 8.6 12S 
PG 3. ot AR bo Eis 6 2.9 Paatf 2-6 5.6 
Buckwheat SERRE eke 546 2a2 2.6 2-0 4.5 
TRAC O RRR ih: cr ee, Rik tA 346 1.6 1.6 1.3 3.1 
BaPleyee ds. cto. kay es ie 1.3 1.0 1.0 2.3 
Calms .ci cst as is —Ne 0.7 0.4 1.0 1S 
Total domestic size. + i-in. 91.1 91.3 91.6 82.6 


Table 27. 


Performance of toothed rolls crushing bituminous coal. 


(After Lincoln} 


Screen size, inches 


Weight, per cent. 


Through On Run-of-mine Tocthed-rott 
product 
334 3 9.0 10.0 
3 134 15.8 17.2 
134 14% 12.4 15.0 
14% 34 15.6 O77 
34 4% 27.2 29.7 
pW d\ ROSitiss Gas oe: 20.0 18.4 


15. Single-roll crusher 


This machine (Wig. 49) is used for relatively soft materials such as coal 
stratified shale, limestone and the like, where a large size reduction is required 
in one passage. ‘The elements of the machine are the toothed roll (a) and 


sll. LO. SLMANWL St AWLP ole 


the stationary breaking plate (b). The roll is driven by gear (c) and pinion 
(d, by means of a belt and drive pulley (e). The breaking plate, hinged on 
(h), is held in position : 

by two heavy bolts (f), 
one on each side, with 
a nest of compression 
springs (g) under the 
upper nuts to permit 
the plate to move away 
when an unbreakable 
substance is fed. The 
roll shell is renewable 
and, in the form shown, 
has renewable teeth as 
well. Renewable wear- 
ing plates, usually cor- ‘ 
rugated, are also pro- n — =eee 
vided for the fixed sae aa an 
breaking plate. Sizes 
vary from 24 X 48-in. (roll 24-in. diameter by 48-in. long) of 60 to 200 tons 
capacity per hour, according to the material and setting, to 60 x 84-in. 
with a rated capacity of 500 to 1500 tons per hr. 


STAMPS 


Stamps are a mechanical form of the ancient mortar and pestle. Two 
types have had long use, viz.: the steam stamp and the gravity stamp. A 
third type, actuated in various ways by crank or eccentric has appeared in 
many different forms, but has not been widely used. The use of steam stamps 
has been limited, with the exception of a few experimental installations, to the 
native-copper mills of the Lake Superior district. Gravity stamps have found 
their principal field as final grinders of precious-metal ores for amalgamation. 
They are unexcelled in preparing ores for amalgamation and as machines in 
which amalgamation can be performed simultaneously with crushing. Spo- 
radic attempts to place them in base-metal mills in the days before flotation 
failed on account of their slime-producing proclivity. With the introduction 
of the cyanide process, particularly the all-slime process, finer grinding than 
could be economically performed in stamps with one pass of the material _ 
became necessary and since stamps are unfitted for closed-circuit grinding, 
and the dilution necessary is bad for cyanide work, tube mills were installed 
for final grinding and the stamps were relegated to the position of intermediate 
crushers. In this service they come into competition with more efficient 
machines such as rolls, disk crushers, and ball and rod mills, and are probably 
on the way to complete disappearance except in isolated special instances of 
hard ores and low mill capacities, where their flexibility and ability to make a 
large size reduction outweigh their disadvantages, or where discard from exist- 
ing plants would involve greater capital charges than are warranted. 
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Fic. 49.—Single-roll crusher. 


16. Steam stamp 


Description. A steam stamp (Fig. 50) consists essentially of a die resting 
in a mortar (a) with perforate walls, anda pestle (b) connected at the upper end 
with a piston rod (c) actuated up and down by a piston in a steam cylinder (d). 
The mortar rests on a heavy metal anvil block which in turn rests on an enor- 
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mous block of concrete. The steam end is carried on a frame (e) which is 
entirely separate from the mortar. The stamp stem is kept in alignment by 
guides (f), with phosphor-bronze boxes, carried on transverse supports attached 
to the legs of frame (e). The 
steam end may be simple, cross- 
compound or _ steeple-com- 
pound. The cRoss-cOMPOUND 
is an intermediate form in the 
development from the old 
simple form which was reck- 
lessly inefficient in steam con- 
sumption, to the modern effi- 
cient steeple-compound type. 
Valves, are driven by a cam- 
and-eccentric mechanism from 
shaft (g) which, in turn, is 
driven by an independent mo- 
tor. The cylinder of the sim- 
ple stamp has become standard 
at 20-in. diameter by 24-in. 
length. Simple stamps are 
operated condensing, taking 
steam at 115 to 120 lb. per sq. 
in. and making 105 to 110 
strokes perminute. Many are 
of the Leavirr tyre (Fig. 51) 
with two pistons (a) and (b) of different diameters. Steam is admitted by 
means of a griddle slide valve through port (c) to the upper side of the larger 
piston and exhausted through a similar valve and port (d) to the condenser. 
The space (e) surrounding the lower cylinder and connecting with its interior 
through ports (f) is a receiver into which steam is admitted under constant 
pressure, to which pressure the under side of piston (b) is subject at all times. 
The lower part of the upper cylinder and upper part of the R 
lower cylinder are at all times connected to the vacuum of 
the condenser. The constant pressure on the under side 
of (6) is sufficient to lift the starap, but the pressure on 
top of (a) is greatly in excess of this and makes the force 
of the blow enormous. The economy of operation of the 
simple stamp is low because of the large clearance, amount- 
ing to as much as 20 per cent., made necessary by reason 
of the variable thickness of ore on the dies and the wear 
of shoes and dies. In the sreEPLe-comeounn, the high- 
pressure cylinder is 15144 X 24-in. and the low-pressure 
cylinder, mounted above in order to facilitate removal of 
pistons, is 32 X 24-in. A re-heater is installed on the Fie. 51.—Cylinder 
steam line between the high- and low-pressure cylinders. f Leavitt steam 
The high-pressure cylinder has four valves, two inlet stamp. 

and two exhaust, each driven by a separate eccentric, the lower or 
lifting valves from a constant-speed drive shaft, the upper or driving valves 
from a separate shaft driven from the first at a non-uniform rate through a 
drag-link mechanism, which permits fast opening and closing. The low-pres- 
sure cylinder has two valves only, connecting with the upper side of the 


Fic. 50.—Steam stamp.” ~ 
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piston; the under side of the piston is connected constantly with the con- 
denser, which eliminates considerable clearance. The usual steam pressures 
a 140 to 160 lb. per sq. in. in the high-pressure cylinder and 35 to 40 in the 
ow. 

Recently exhaust steam from the stamps has been used, mixed with boiler 
steam, if necessary, to run steam turbines. This is a considerable advance in 
steam economy. 

A typical srem has an oblong detachable shoe and rubber-packed dash-pot 
connection with the piston rod to prevent breakage of the rod; a swelling or 
“BONNET” at the top of the stem serves a secondary purpose by striking 
against a dash-pot buffer in the entablature (h) (Fig. 50), when the stamp is 
lifted too high, and thus preventing the piston from knocking out the upper 
cylinder head. Similarly it strikes a warning bell when the layer of feed on the 
die becomes too thin. Suok is made of chilled cast iron, weighs 750 to 800 lb. 
new and 300 to 400 lb. when discarded. The life is 4 days to 2 weeks. The 
complete stamp stem, shoe, piston and piston rod, weighs 5500 to 7900 lb. 
The lifting velocity is 8 to 10 ft. per sec. and falling velocity 20 to 24 ft. per sec. 
The striking force of the shoe is of the order of 25 to 50 tons. The morrar may 
be circular or rectangular. The bottom is protected by a false die on which the 
crushing die rests, centered by a die ring which is wedged in place by sec- 
_ tional side liners; a key or king stave bolted through the mortar locks the 
whole lining in place. Liners and pie are made of chilled cast iron. The 
die weighs about 800 lb. new and about 500 Ib. when discarded. The life is 
6 months to 1 year. ScreEns surround 50 to 75 per cent. of the periphery of 
the mortar above the liners. The usual height of the bottom of the screen 
above the top of a new die is 9 to 10 in.; with a worn die the height increases 
to13to16in. Screens are punched plate with 5/¢-in. to °£-in. round openings. 
One panel is usually covered with screen having 50 per cent. larger apertures 
than the balance in order to pass copper that is free but cannot escape through 
either the finer screen or the HYDRAULIC DISCHARGE. The latter, in its sim- 
plest form is an inclined pipe-like opening through the mortar wall, up which 
water is introduced into the mortar at such velocity that only the largest 
particles of metallic copper can settle against the current. Another form has a 
small plunger jig, arranged to feed from a slot in the side liner just below the 
mortar grate. Hither type will remove copper between 5<-in. and 4-in. size. 
Larger lumps must be manually removed; smaller pass the screens. The 
MORTAR JIG has a 1-in. screen and discharges fine copper from the hutch, coarse 
copper from the screen and middling over the tail board. The mortar rests 
on a solid cast-iron ANVIL BLOCK which in turn may rest either on hardwood 
spring timbers or directly on a concrete foundation slab. The latter is more 
recent practice; it increases capacity and lessens repair costs. 

Operation. Steam stamps are fed by hand through sloping chutes from 
feed bins containing —4-in. jaw-crusher product. The operator controls the 
flow by means of a hook or hoe so as to keep the thinnest safe layer of material 
on the dies. He picks mass copper, wood and mine waste from the feed 
stream. Water is introduced with the feed and also through the hydraulic 
discharges. The total amount introduced is from 3 to 7 tons per ton of feed. 

Performance. Table 28 gives typical data on simple and compound 
stamps working on conglomerate and amygdaloid respectively. 

The capacity of a simple stamp crushing amygdaloid through %-in. screen at Quincy 


is 450 to 500 tons per 24 hr. and the capacity of a steeple-compound in the same service 
at the same plant is 700 to 800 tons. When crushing amygdaloid through %-in. screen 
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about 70 per cent. of the stamp product is less than half the screen aperture in size and 40 


per cent. is smaller than 0.1-in. 


$0.30 per ton (1907). 


a Changing shoes 
spection. 


Cosr of crushing in steam stamps ranged from $0.15 to 


Table 28. Performance of steam stamps 

hub oeahinaus d af dah - seeaic {Calumet andi}; Baltic 

\ Hecla 

J Leavitt, Nordberg, 
Type .ol StAbIpe. «eee ee he a an \ nasal obiancued 
Weight of reciprocating part, Ib..... 5500 7860 
Steam pressure, Ib. per sq. im.......- RES” PAR: . Se 
Tons crushed per 24 hr............. 350 600 
Kenic, of sack 9 Weer on Sak Conglomerate | Amygdaloid 
WIRGOR FCCU cn Moke city abut rac stot — 3-in. — 3)s-in. 
Aperture in battery screens, round. . 346-in. 5¢-in. 
Horsepower, indicated............. 210 265 
Tons per horsepower-hour......... 0.07 0.09 
Attendance, men per stamp........ 1.5 1s 
Bost time,sper cent. i. . oes 2 4 
Lostrtime;featse. 24 ices. Re a 6 
Water added, tons per ton of ore... 3 3.8 
Dies material. ...2 4Jeterotiie diene rey EGI ccl 
IDie, Weleht, DEW, lD.cae ck Sa wis se 900 798 
Die, weight, discarded, lb..........| 300 415 
DieohfieMdaiya WOOF Aye te). Se 270 222 
Die, time to replace, hr............ 5 10 
SHOGHDATODAES.- «5.0. Wea ceca te CWI GEE 
Shoe, dimensions, 1n........-.---- 16% 22X65 | 16 X225¢8 
Shoe, weight) new;Ib.o. i... 0.022 750 845 
Shoe, weight, discarded, Ib......... 330 490 
Shoeriifes Gaysiy.ng: apts cae ardaks 4 13 
Shoe, time to replace, hr........... 0.75 1 
Rimerasmacerialo i? 0 ses ke ee Ccr ccl 
biners, iter days. 25 SAL eSO. (ees 270-360 344 
Screens) pmaterialdenas} ao Awis! exe c d 
Sereenaares, eq. fte. joacees ecw 47.0 45.1 
Screens, aperture, in. diam......... 346 56 
Sereend: Life days. Aa eS. BION 70 218 


and other wearing parts. 
c Punched 


No. 10 hardened-steel plate. 


6 Hopper choked, changing shoes, in- 


tempered steel plate, 3ie in. thick. CCJ Chilled cast iron. 


d Punched open-hearth high-carbon 


CWI Chilled white iron. 


Comparison of simple and steeple-compound stamps was made at OscEOLA 


mill (84 J 349 (1907)). 


Description. 


Results of a 24-day test are shown in Table 29. 


Table 29. Comparison of simple and compound steam stamps 


Compound Simple 
Tons per 24 hr. actual......... 686.6 543.3 
Tons rock per ton of coal...... 88.3 62.8 
Lost time, per cent............ 2.8 1.8 
Steam pressure, lb. per sq. in... 148 118 
17. Gravity stamp 


A gravity-stamp battery is shown in Fig. 52. The essential 


parts are the frame (A), mortar block (B), mortar (C) containing die (D) on 
which ore is broken by a pestle composed of shoe (Z), boss head (F), stem (G) 
and tappet (17). The pestle is lifted through the tappet by means of cams 
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(1) carried on cam shaft (J) driven by pulley (K) and belt (L) from pulley (M) 
on countershaft (NV). Ore to be crushed passes from the bin (QO) through the 
automatic feeder (P) to the mortar and is discharged, when fine enough, 
through screen (Q). Stamps are rated on the weight of the falling part. The 
usual weights in American mills are from 1250 to 1500 lb. In South Africa 
1500- to 2000-lb. falling weights are more usual. Old California practice was 
to use 850- to 1050-lb. stamps and many of these are still found. 
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Fic. 52.—Typical 10-stamp battery. 


The weight of a complete 5-stamp battery, excluding wood of frame, ranges from 20 
times the weight of an individual stamp for batteries under 1000-lb. falling weight to about 
15 times for heavy stamps. Of this total the weight of the falling parts and mortar is 
about 55 to 65 per cent. for stamps under 1000-lb. increasing to 75 to 80 per cent. for the 
heaviest stamps. 

Frames are commonly made of timber, but cast iron, structural iron and reinforced 
concrete have also been used. Timber frames are made in three forms. THE BACK- 
KNEB FRAME (Fig. 52) is tied to the ore bin directly behind by means of sills and girts as 
shown. The main posts (A) carry guide timbers (S) which in turn carry guides for directing 
and confining the up-and-down motion of the stamp. The main sills are tied together by 
cross sills and rest on mud sills. Finger bars (7) resting on a jack shaft are arranged toslide 
under the tappets and hold them stationary above the reach of the cams. The Frront- 
KNEE FRAME differs from the back-knee frame in that a horizontal member for supporting 
the drive shaft is framed in front of the main timbers at about the level of the cam shaft 
and is supported on the outer end by posts; the frame is further stiffened by means of 
diagonal members running -from these posts to the top of the main posts. The front-knee 
frame allows horizontal drive and does away with the use of the tightener (U, Fig. 52) 
that is necessary when the drive countershaft is placed on the sills, but unless individual 
drive is used a clutch pulley is required on the driving shaft to permit an individual battery 
to be thrown out. The A-rRrAMe is stiffened entirely by an inclined post in front. This 
frame is the least rigid of the three and the least used. The drive countershaft is placed 
on the main sills either in front of or behind the posts and a belt tightener must be used. 
The front-knee frame gives the most floor space and easy access to the cams but is expensive 
and obstructs light. 

Main posts are commonly 12 X 24-in. or 12 X 26-in.; sills and girts 10 X 12-in. or 
12 X 12-in., and guide timbers 12 & 12-in. and 12 X 14-in. 

When 10 stamps are carried on the same cam shaft, as is usual, common practice is to 
carry one center cam-shaft bearing on a single central post and to drive from one end. 
Cam shafts will vibrate less and last longer if a 4-post frame is used with the bull wheel 
placed between the two central posts. At Suan, Korea (119 P 916), shafts broke fre- 
quently, even with this arrangement. The difficulty was overcome by cutting the shafts 
at the center, placing the two driving pulleys side by side and driving both with the same 
belt. Pulley faces were turned to bring a common crown at the center. 
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Drive is usually from a countershaft, belt-driven from one large motor, but the latest 
practice is to use a back-geared motor belted directly to each 5- or 10-stamp battery. The 
greater initial cost of the unit installation is considered to be more than overbalanced by 
its greater flexibility and convenience and by elimination of the difficulty of maintaining 
alignment of the long countershaft. At Aurora, Ney. (99 J 97), the motor is sufficiently 
powerful to start the stamps from any position so that it is not necessary to hang up. ' 

Mortar block should be as rigid as possible in order to obtain the maximum crushing 
effect. The old practice was to use wood; modern blocks are almost invariably concrete. 

; They are more rigid, more easily built and have 

rz) much longer life; stamps set on them have greater 

a capacity than those set on wood. They should 

be footed on rock, if possible, but if rock cannot 
be reached at less than 16 to 18 ft., they may be 
footed safely on gravel or firm soil, if given a 
broad base. In any case the block should have 
a generous batter, at least 30° from the vertical; 
the ends are extended at the proper height for 
the main sills and where more than ten stamps 
are installed it is the usual practice to make the 
blocks continuous below the sills. Details of 
typical conerete mortar blocks are shown in Fig. 
53. Bolts should never be cast into a concrete 
block on account of the difficulty of replacing 
them when broken. The form with bolts coming 
Fic. 53.—Concrete mortar block. to the outside gives trouble with heavy stamps 
because of the difficulty of casting the projections 

(97 J 664). A good mixture for a concrete block is 4 of 214-in. rock, 2 of sand and 1 of 
cement. The top 6 or 8 in. should be made somewhat richer than this to prevent. cracking. 

Anvil block is a heavy cast-iron sub-base sometimes used between the mortar and a 
wooden mortar block. With a wooden foundation it increases stamp capacity and lessens 
vibration but Ranp experience is summed up by Bosqui (52 A 24) in the statement that 
its use caused excessive stem and cam-shaft breakage. Caldecott (19 IMM &7 [1909-10}) 
gives a stamp duty of 6.84 tons with a heavy cast-iron anvil on a wooden block, against 
6.78 tons with the mortar directly on concrete, with 26.75 and 25 per cent. of +0.01-in. 
material in the products, respectively. 

Mortar is usually set on the mortar block on a pad of rubber or hair felt 14 in. to 3¢ in. 
thick, and bolted down by 6 or 8 bolts of 144- to 214-in. diameter. Since the use of con- 
crete mortar blocks has become general many designers omit the 
pad. Mortars commonly lold five dies. A typical mortar is shown 
in Fig. 54. Variation in detail of mortars depends upon the purpose 
for which they are to be used and upon the kind of mortar block. 
The weight of the mortar varies with the weight of the stamps, rang- 
ing from 6 times the falling weight with light stamps to 9 or 10 times 
with heavy stamps. The narrow, straight-backed mortar shown in 
Fig. 54 is designed for rapid discharge and high capacity. Itis cast 
roughly as a deep box with fe.d opening (A) at the back and dis- 
charge opening at the front. The bottom is planed to give an 
even bearing. The base is broad on mortars meant for concrete 
mortar blocks and narrow for wooden blocks. The screen (C) is 
held in the discharge opening by means of wedges (D) which press 
the screen frame tightly against planed surfaces on the mortar. 
Chuck blocks (£), held in place by wedges, are inserted for the , 
purpose of varying the height of the screen. Where amalgama- straight - backed 
tion is practiced it is usual to mount a copper amalgamating plate Mortar (Homestake 
(F) on the chuck block in order to catch some gold in the battery. type) with broad 
A wooden cover (@) to prevent splash rests on a shelf cast on the base for conerete 
walls of the mortar. It is provided with holes for the stamp mortar block. 
stems. Liner plates (H) in the feed chute, sides and ends protect 
the casting from wear and are easily replaceable. Amalgamating mortars are wider and 
are provided with a rear amalgamating plate as well as a chuck-block plate; provision is 
made by means of a removable cover for access to the back plate without lifting the 
stamps. Crushing is not so rapid as in the narrow mortar; such a mortar is used when 
amalgamation in the battery is more important than rapid crushing. DoupLy-DISCHARGE 
MORTARS arranged with screens front and rear, with provision for conducting pulp dis- 
charged at the rear through the mortar base to join pulp discharged at the front, were 
devised to increase the crushing rate. : Caldecott (19 IMM 57) showed substantially iden- 
tical duty for 1350-Ib, stamps working in single- and double-discharge mortars on RAND 
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ores, 5.8 tons through 0.024-in. sereen in both cases. The double-discharge mortar had 
334-in. discharge height against 234-in. in the single-discharge mortar, it used 10.7 tons of 
water per ton to 7.7 in the single-discharge and with a feed containing 3 per cent. more 
— 34-in. material, the product contained 3 per cent. less +0.01-in. sand. A so-called opENn- 
FRONT MORTAR is made, with removable front, making for ease in removing shoes, boss 
and stems. 3 

The mortar is made of tough, gray cast iron. The feed opening usually extends the 
length of the three center stamps but in some mortars is made full length. Feed is supplied 
in a narrow stream at the center and is distributed by the swash of pulp. The choice of a 
mortar is influenced not only by capacity requirements but also by considerations of recov- 
ery of precious metals. The design of a mortar has a considerable influence on operation 
and there is little adjustment possible. It is therefore important that the proper choice 
be made in the first instance. With ores containing minute particles of rusty gold which 
require burnishing before amalgamation can be accomplished, fine grinding is necessary 
and a wide mortar with back and front plates and a fine screen should be used, if the battery 
is dependend upon for all of the crushing. With a free-milling ore containing coarse gold 
that is easily separated from the gangue, a narrow, single-discharge mortar is properly used. 
This mortar should also be used where the purpose is high capacity, and later machines 
are depended upon for completion of the grinding. The limit of narrowness is imposed by 
the requirement of a space between the dies and front and back walls greater than that 
of the largest particles of feed in order to prevent wedging therein with consequent strain 
on the stem. For maximum capacity with minimum stem breakage the back should 
be about 214 in. from the back of the dies and the screen about 54% in. from the front of the 
dies. The slope of the back is set at about 75° from horizontal and the screen at 75° to 80°. 

King (11 MM 378) reports that at a plant in WesTeRN AUSTRALIA when cyaniding 
replaced amalgamation, the old wide mortars were narrowed by steel-plate liners backed 
with hardwood, with resulting duties for 1050-lb. stamps on a quartz ore containing 50 to 
60 per cent. granite of 4.8 tons through 30-mesh, 6.3 tons through 20-mesh and 8.9 tons 
through 10-mesh. These figures represented increases of 50 per cent. over those obtained 
with the wide amalgamating mortars. 

Mortar liners were not used in the majority of mills when fine crushing was practiced, 
but the mortar was made sufficiently heavy to last 3 to6 years. The average life of 5500-lb. 
mortars at Homresrake (4.5-ton stamp duty) was 3 years. Recent practice in high-duty 
coarse-crushing batteries is to use both end and side liners. At Nipissine (48 A 13) chilled 
cast-iron liners 1 in. thick lasted 30 days; manganese steel lasted 165 days. At Suan 
(119 P 916) back liners are made in upper and lower sections, since the upper part wears 
much more quickly than the lower. At Brumont-SHawmuT (121 P 659) cast-iron front 
liners 1 in. thick last 4 months, back liners 14 in. thick and end liners 1 in. thick last 6 months. 

Some mortars are provided with lugs for holding a SPLASH BOARD in front of the screen. 
This is particularly necessary where the pulp is thin and a coarse screen is used. An 
amalgamating plate is sometimes attached to the splash board. 

Sectional mortars are made for shipment into inaccessible regions. The mortar is 
divided into sections transversely and each joint is faced and grooved in order to make a 
water-tight and mercury-tight joint. The whole is tied together by means of tie bolts that 
fit into reamed holes. The top is made of steel plate riveted together or of hardwood back 
and front bolted against 
cast-iron ends. Riveted 
joints tend to _ loosen. 
Hardwood can be tight- 


ened up from time to time ©) 
by taking up on the bolts. 

The sections are made so 

that no piece much exceeds 

300 lb. weight, Stems are 

made somewhat lighter 

than standard to go with 
sectional mortars and 2 
hollow cam shaft is likewise 
furnished. 

Dies (Fig. 55) are in- 
serted in the bottom of 
the mortar. They are sub- Die Shoe 
ject to hard wear and are 
therefore made of special Fra, 55,—Stamp parts, 


wear-resisting material, 
Chilled east iron, semi-steel, forged steel, chrome steel and manganese steel are the usual 


metals employed. Normally the shoe and die are made of the same material but some 
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operators have reported good results with cast-iron or semi-steel dies working against 
The die shown is the ordinary form with square base and 


forged- or chrome-steel shoes. 


clipped corner to permit the insertion of a bar to pry the die out of the mortar. Dimen- 
sions and weights of dies for different weights of stamps are given in Table 30. 
Table 30. Sizes and weights of stamp-battery parts (a) 
Stem Tappet Head Shoe 
Weight, 
pounds Size Weight| Size, in. | Weight} Size,in. | Weight] Size, in. | Weight 
Tae” ih. 
eis ie (ee Pe ee NR EER | Rr ee aE RE Wem IP cs Nec Aer Hee ein 
550 2% X11 200 834X114} 100 8 X16 170 8X 6 108 
750 Sip <aie) 310 94%4x10 130 844 X13 160 84x 8 150 
850 3% x14 365 9144 xX12%| 145 8144X15 190 84x 8 150 
950 34x14 395 9144x1244) 145 eS 280 CTS) 167 
1000 3144 x14 395 94% xX12%| 145 9 X18 280 On eS 167 
1050 34X14 458 9144x1244] 145 (a 3 280 Oe Som8 167 
1250 334 X14 525 94x14 170 9 x20 367 OF Gao) 188 
1400 3% X16 640 9144x16 205 9. x20 367 9.9K 29. 188 
1500 4 X16 Oc OmeitOe x 14 170 914 X24 415 914 X12 245 
1550 4% x16 720 |10 X14 170 944 x24 415 9144 x12 245 
1600 4144 X16 ac0" LO 6 ce 170 914 x 24 415 914 x12 245 
1650 434 X16 820 |10 X14 170 914 x24 415 9144 x12 245 
1700 434 X16 820 |10 X14 170 914 X28 465 9% X12 245 
1800 434 X16 820 |10 X16 233 914 x 30 502 94X12 245 
2000 44x16 7A D0 40) 275 916 x30 565 9144X12 290 
2250 434 X16 S70 10>. x20 825 914 x34 665 9144 xX12 290 
Cam shaft | 
Die Pulley, in. 
Weight, 5-Stamp 10-Stamp 
pounds 
Size, in. | Weight Size Weight Size Weight pe 10- 
Stamp|Stamp 
Te otsec hi, LOY otto sine 
SEIG) I eer Re naa aR eataetseere ee amc nee shennan [NAO ett Hat eth 
550 844 xX6 100 3% X7-10 314 3% X 13-8 550 |6011/72 «13 
750 834 X6 104 414 X8- 0 510 41g X 14-0 890 |60X11/72X13 
850 834 X78 109 | 5% x8- 0 620 | 538 X14-0 | 1080 |60X11|72X15 
950 94% x8 157 5% X8- 0 740 55% X 14-6 1340 |60X11|\72X17 
1000 914 X8 157 6 Xs 3 800 6 X14-6 1400 |6013)72X17 
1050 94% x8 157 6 X8- 3 800 6 X<14-6 1400 |60X13/72X17 
1250 9144 x8 57 6% x8- 6 960 6% X 15-0 1700 |60 15/7219 
1400 9144 X<8 157 63% X8- 6 1040 634 X 15-0 1820 |6015}72X*19 
1500 91%x<8 162 Oy ae) 1140 7 X16-0 2100 |72x*13/84x21 
1550 944x8 162 (Se) 1140 7 X16-0 2100 |72X13/84x21 
1600 9144x8 162 7%X8- 9 1230 744 X16-0 2250 |72 15/84 K 23 
1650 9%x8 162 7%x8- 9 1230 714 X 16-0 2250 1721584 x 23 
1700 94%x8s 162 74%x8- 9 1320 7% X 16-0 2400 (7215/84 23 
1800 9144xX8 162 7%x9- 0 1350 71% X 16-6 2460 |84 1318425 
2000 934 X8 170 734 X9- 0 1530 734 X17-0 2750 |8415)90x 25 
2250 934 X8 170 8 x9- 0 1620 8 x<17-0 2900 |84x*17|)90x29 


a Taken complete from Power & Mining Machinery Co., Bull. 
weights of standard equipment of other makers differ slightly but not essentially. 


pare Table 31, from practice. 


41. 


Dimensions and 


Com- 


It is good practice to replace dies before they are worn to full depth, for the reason 
that the surface becomes very irregular with wear and that crushing efficiency is thereby 


lost. 


By making dies 14 in. larger than the shoes, contact of the shoe with the die over 
the whole face of the shoe is insured even after considerable stem and die wear, 


This 
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makes for more even wear of shoes and dies and higher crushing duty. In order to save in 
amount of metal thus wasted, a sectional die with replaceable face is sometimes used. 
At Suan, Korea (119 P 916), half-worn shoes are used for the upper part of sectional dies; 
this practice has an incidental advantage that there is less variation in height of discharge 
between new and worn-out dies than is the case with solid dies. The average life for solid 
dies on ordinary ores is about 60 days (Table 31). Three-year average for hard cast-iron 


Table 31. Wear of parts, gravity stamps 


Liberty Hedley 
Bell G. M. Co. eae 
Wieightiol stamp; lbw. 808 Taide teil. © 900 1050 1050 
Dies: 
Hyfatomaliet. Sem, aches ceetel. wala Sayer G ccl FS Wi 
Wieicht.; new) Ibisiai%. Weid dad saa 115 120 96 
Weight; discarded} Ib. cic feels os ool? Shisoy [te Satie. BHR 35 
ifeida yeas? sof he au ie seine 60 60 90 
Consumption, lb. per ton crushed.... . OBZ adit) Boek Se 0.12 
Shoes: 
Waaberia liens ite . 2h Sits =. 2 be Shey. GLE Cr FS S 
(Wermhtyimewadb! edict. seiiadcss 155 240 235 
Weight, discarded, lb................ Diese Re Tae 2 eee 30 
ted AV Beem oi: ace oegske cr eee 90 60 210 
Consumption, lb. per ton crushed..... O28? vissill: ee Bate ee 0.20 
Screens: 
Wvine Wit Seine Teron Oe bye Ande WWS WWT WWs 
Victhertalbs sees ae ee Se ee, Ss S Ss 
Pe pertuneieid fi. fd ese eh WS ns oe 0.04 to 0.06 in, 14x 4-in. 20-mesh 
ited ava Mitte. Rates Witenes k 40 14 3 
ates tonsterushed iin: oie dass Ane: 1000 385 83 
Tonopah Tonopah Mexican 
Belmont Extension gold mill 
Weishtroftstamp, Ib}. hate 1250 1300 1500 
Dies: 
Nile sis oe A Rar ait Hs oe em ae FS Wi FS 
AVICL EITM TEN YELD RGN dae nO cb ee oo 3 159 150 175 
Wreight;-discarded bv. oo... 6. oe 55 40 50 
HALE MAR mE Ot. Se ee ace ne 66 60 65 
Consumption, lb. per ton crushed..... 0.27 0.24 0.12 
Shoes: 
MVR pertAl a AMMA Teh Eso be ss Cr Cr FS 
Weight news dee PoE i SS. obese 183 172 260 
WeightiediscardedWilbest. Leis... 6... 35 25 32 
Hinteadaysten soot. i ee ees Sen (P 90 65 
Consumption, lb. per ton crushed..... 0.29 0.23 0.22 
Screens: : 
pyedt sia rsa Ce NE. Dd) WWT WWS Wwws 
IN ESI SHE enerea ase Sueur ch eR IC ERR cha Che arr I S Ss 
PAPCLCULCA PORT ts eke ees Pete eee « 3(6-in. 3-mesh 0.5-in. 
MMCMURUA Ce Ee rk Cte eee rss 6 Var. 42 30 
White, bons Crushedin +: ft. Rents seats Meee Me ats ole 1575 2400 


CCI Chilled cast. iron. Cr Chrome steel. S Steel. FS Forged steel. WJ White 
iron. J Iron. WWS Woven wire, square aperture. WWT Woven wire, elongated open- 


ing. 


dies at Homestaxn (900-lb. stamps) was 30 to 35 days (22 IMM 74). At Nririssina 
(48 A 13) forged chrome-steel dies lasted 130 days with very hard tough ore; at SUAN 
(119 P 916) the same material lasts 100 to 120 days. At CaurcHiL, WonpeEr (52 A 128) 
the consumption of forged chrome-steel dies on hard tough quartz was 0.107 lb. per ton 
crushed through 3-in. screen. At Rainsow chrome-steel dies last 100 to 120 days with 
1050-lb. stamps crushing through 4-mesh. Consumption of cast-iron dies at ALASKA 
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TREADWELL (102 J 63) was 0.17 to 0.24 Ib. per ton crushed. At ZARUMA, Ecuador (111 J 
583), the consumption of chrome-steel dies was 0.12 lb. per ton. p 

Dies are ordinarily set in the mortar without fastening, but at one plant dies were 
grouted into place with a mixture of 2 cement and 3 sand up to the level of the chuck block; 
notwithstanding that several days were required for the cement to set, increased duty, 
due to the time saved in battery clean-up and increased crushing rate counterbalanced the 
lost time; further advantages claimed are better inside amalgamation due to the fact that 
amalgam and quicksilver are kept up near the inside plates; smaller amount of battery 
sand to clean up; no necessity to remove dies at clean-up time; rigidity of dies. The con- 
crete wears wit the dies and is mostly gone when the latter are worn out, so that they are 
not hard to remove. 

Shoe (Fig. 55) is the lowest part of the stamp and is subjected to great wear. Shoes 
are therefore made replaceable and of wear-resisting material such as cast iron, chilled iron, 
cast steel, forged steel, chromium or manganese steel. Common practice is to use forged 
or alloy steel. The question of economy depends upon the first cost and the extent to 
which the shoes can be worn down. With a local foundry and high freight cost, the choice 
between cast shoes and shoes of special steel may be a close one. At Wart, N. Z. (16 
Aa 124), local cast-steel dies showed 50 per cent. economy over imported forged steel but 
forged-steel shoes were used. The liability of cast shoes to breakage, and the cost of 
replacement must be borne in mind in making any decision in favor of the cast product. 
Dixon (18 JCM 240) cites a mill record showing 10.9 per cent. shank breakage with cast 
shoes against 3.5 per cent. with forged. Castings containing more than 1 per cent. carbon 
are most likely to break. At Passacem (20 IMM 16) the life of locally cast shoes and dies 
was about half that of imported forged steel. 

The shank of the shoe fits loosely into a cored recess in the bottom of the boss head 
and is wedged in by means of hardwood wedges which swell when wet and make a firm 
joint. In dry crushing steel wedges are used. Weights and dimensions of shoes for various 
weights of stamps are given in Table 30. 

Wear of shoes varies considerably with the character of ore and kind of material. An 
average life of from 60 to 90 days for forged- or chrome-steel shoes working on medium 
ores is a fair figure. The three-year average for chilled cast-iron shoes on 900-lb. stamps 
at HomrstTaks was 60 to 90 days (22 IMM 74). Forged chrome-steel shoes at Nipissine 

lasted 105 days (48 A 13) and 


Table 32. Average wear of shoes and dies. 100 to 120 days at Suan (119 


(After Wraight) 


P 916). Consumption of the 
Wear in pounds per same material at CHURCHILL- 
i ton crushed WonvDrErR (62 A 128) crushing 
Material hard tough quartz through 
34-} 
S ‘ 3¥¢-1n. screen was 0.232 lb. per 
Shoes Dies ton. At Rainspow (99 J 1104) 
: the life of chrome-steel shoes 
CaS EON 5.28 Stake pratt stars 1.5 0.4-1.5 : 
Gast ttechs af. eee 0.5-0.75 | 0.3-0.7 Was 80 10:90, days ayaa yes 
lb. stamps and 4-mesh screen. 
Forged'steel. 6. ....0.58.6. 0.3 0.21 C i 
Chrome steel. deere se wove 0.29 0.16 DESH OTON of chrome-steel 
shoes at ALAsKA TREADWELL 


(102 J 46) was 0.37 to 0.41 ]b. 


; per ton of ore crushed. At 
Zaruma (111 J 583) the consumption of chrome-steel shoes was 0.29 lb. per ton. Table 31 


gives detailed data on wear at various mills. According to Wraight (30 IMM 201) the 
figures in Table 32 are average for wear of shoes and dies of different materials. He recom- 
mends specifications as given in Table 33. Del Mar (40 MEW 687) records the failure of 


Table 33. Composition of steels for shoes and dies. (After Wraight) 
Per cent. by weight 
Element 
Cast or forged steel Manganese steel Nickel-chrome steel 

Cc 0.55-0.65 0.9-1.1 0.28-0.32 
Si Up to 0.25 Up to 0.5 Up to 0.3 
8 0.06 max. 0.08 max. 

P 0.06 max 0.10 max. \ 0.04 max. 
Mn 0.35 max 11-13 0.35-0.45 
Cr @ 0.5 May contain 0.5 max. 0.55-0.65 
Ni EES. dost aside Lrerel sven NRO WES EARS eS dt 2.008 3.25-3.75 


t 
a SS Ee eee 
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manganese-steel shoes by deep chipping. Foote (122 P 739) states that at Norra Srar 
two sets of five shoes all failed by casting a flat disk 1 to 3 in. thick and the diameter of the 
shoe. Loring (28 A 553) gives a life of 296 days for manganese-steel shoes working against 
cast-iron dies (life 120 days) at Urrca mills with 5-ton stamp duty. Alloy-steel shoes and 
dies with exceptionally slow wear may not be economical, if the wear results in uneven 
crushing surfaces, because of the resulting loss in crushing duty. 

Boss head, sometimes called Boss or HEAD, is shown in Fig. 55. It forms a link between 
stem and shoe and also adds materially to the falling weight of the stamp. It is made of 
cast iron, cast steel, or chrome steel, cored out at the bottom to receive the shank of the 
shoe and bored to a taper at the top for receiving the tapered end of the stem. Slots are 
cored at right angles at the bottom of the tapered openings to receive drift keys for driving 
out the stem and shoe. Weights and dimensions of boss heads for various weights of stamps 
are given in Table 30. Cast-iron boss heads are sometimes reinforced with wrought-iron 
bands, shrunk on, to prevent cracking. This was particularly necessary in dry crushing 
practice when steel wedges were used for holding on the shoe. The stem is likely, also, tc 
split cast-iron boss heads. Life is indefinitely long and is terminated by breakage. Figures 
reported by mills are 330 days; 400 to 600 days; 4 years; five boss heads for 40 stamps in 
14 years. Homusraxn average for cast-iron bosses with 900-lb. stamps is 6 years (22 
IMM 74). At Suan (119 P 916) chrome-steel bosses on 1050-lb. stamps last 2 to 4 years. 

Stems are made of hammered iron or mild steel, turned and polished and tapered both 
ends so as to make them reversible in case of breakage. Wraight (30 IMM 201) recom- 
mends a steel analyzing: C, 0.15 to 0.25 per cent.; Si, up to 0.15 per cent.; S + P, 0.06 
per cent. max.; Mn, up to 0.6 per cent. Dimensions for stamps of different weights are 
given in Table 30. 

The amount of breakage depends upon the length, the 1 cation and condition of guides, 
and the weight of the tappet. Long stems with heavy tappets and worn guides break in a 
short time while under reverse conditions breakage is almost unknown. Steel and occa- 
sional large }umps in the feed cause eccentric strains that produce much breakage. The 
break usually occurs near the boss. Broken stems are turned end-for-end. Broken ends 
may be turned down and the stem again used, if not too short. Annealing before turning 
down will defer subsequent breakage. In starting, the center stamp should be started 
first to save pounding on empty dies with consequent stem breakage. Average life at 
Homestakbk over a 3-year period for wrought-iron stems 314-in. diameter was 4 months. 
Mild-steel stems 37{6-in. diameter at Suan, Korea (119 P 916) on 1050-lb. stamps last 
4 years. 

Tappets (Fig. 55) are made of cast iron, cast steel, or alloy steel. The purpose of the 
tappet is to convert the rotary motion of the cam-shaft into rectilinear motion of the stamp. 
Tappets are cast with a cored opening which is bored out to fit the stem. A recess in the 
opening receives a steel gib that is bored out with the tappet. The gib is pressed against 
the stem by keys driven through the keyways shown. Some makers counterbore the hole 
through the tappet slightly off the center of the original bore in order to give a three-line 
bearing of the tappet on the stem when the gib is tightened. Tappets are faced both ends 
and counterbored to a width slightly less than the face of the cams in order to prevent 
shouldering and consequent side thrust Both ends of the tappet are alike and it is there- 
fore reversible. Two or three keys are used. Three-key tappets should be used on heavy 
stamps and are less likely to slip in any case, but are somewhat more trouble to set up. 
Dimensions and weights of tappets for various weights of stamps are given in Table 30. 
Life is indefinite. Figures reported are: 320 days; 650 days; about 4 years; 100 tappets in 
14 years for 40 stamps, first 40 tappets of chrome steel broke in a short time. Chrome- 
steel tappets at Suan (/19 P 916) last 2 to 4 years. At HomersTaAk® cast-iron tappets 
averaged upward of 600 days life (22 IMM 74). 

Compensating weights are split rings weighing 20 to 40 lb. each, made to bolt around 
the stem either just above the boss or above the tappet. Without their use the falling 
weight with a worn shoe and a short stem may be as much as 10 per cent. less than the 
new weight and there will be an accompanying decrease in stamp duty. They are best 
placed at the boss; at the tappet they increase vibration and stem breakage. 

Cams, mounted on a shaft, working against the tappets, lift and drop the stamps, 
Cams are made two-armed and are ordinarily designed to lift the stamps at constant speed; 
the cam surface is, therefore, the involute of a circle, somewhat flattened, however, a 
the two ends. Another form, designed for constant acceleration of the rising stamp a 
used at Norra Star. Cams are made of cast iron with chilled faces or of cast or Teen 
steels. The best material should be used in order to get strength without clumsiness an 
undue weight. At Homrsraxn (114 J 761) chrome adamantine steel # used ge a 
with 10-in. drop and cast iron for 8- to 8.5-in. drop. Cams are designed or a shor rep 

: i ding to the particular practice for which 
(6 to 8 in.) or for a long drop (14 to 16 in.) according pe bate sly ie 
they are desired. It is important that the cam be closely designed or re Pairk Pp 
length, The design should be such that the vertical tangent to the inscribing circle passes 
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through the point of contact of the cam with the tappet, or the radius of the inscribing 
circle should equal the distance between cam-shaft and stem centers. If the stroke length 
is greatly shortened without changing cams, the stamps are picked up at a point on the 
cam face that is moving with excessive velocity, with the result of much noise and undue 
strain on the cam, cam-shaft and tappet fastenings. 

Cams were keyed to the shaft in the older mills but present practice is to use a special 
form of fastener so designed that the load on the cam tends to tighten it on the shaft, while it 
may be easily loosened by a blow in the reverse direction. Two forms of such fasteners are 
shown in Fig. 56. Fastener (A), known as the Blanton, consists of a curved wedge (a) with 
two pins (b) that fit into holes drilled in the shaft. The cam is bored eccentrically to slip over 
this wedge and tighten thereon when turned on the shaft in the direction opposite to the 
direction of rotation. This is the fastener most commonly used. The Davis fastener (Fig. 
56, B), has a lozenge-shaped piece (c) that fits into a correspondingly shaped depression in 

the shaft. A channel is cut in the cam to allow it 


b to slide over the lozenge. Eccentric channels are 
Qe also cut on the inner face of the cam bore in such 
a way that when the cam turns on the shaft in a 

direction opposite to the direction of rotation 

A thereof, it wedges tightly. These special fasteners 


a require less metal to be cut out of the cam-shaft 
than must be taken for a keyway and therefore 


A — weaken the shaft less. Cracks are likely to start 
y; wi) from the holes drilled for Blanton fasteners and 
Z (A i; from keyway corners. Fasteners that do not 


require sharp-edged cuts in the shaft are best. 
Cams are made right-hand and left-hand. A 
Bee si RIGHT-HAND CAM has the hub projecting toward 
Fie. 56.—Cam fasteners. the right when the cam stands before the ob- 
server in a position such that rotation would carry the upper ear away from the observer; 
a LEFT-HAND CAM has the hub projection toward the left when standing in like position. 
The shape of the cam face depends upon the height to which the cam is lifted and the 
necessary. distance between the center of the stem and the center of the cam-shaft. 
Life of cams is indefinite. Figures reported are 500 days; 700 days; 6 months to 3 years; 
4 years. Average for cast iron at Homestak® with 900-lb. stamps was upward of 2 years 
(22 IMM 74). Breakage is normally due to caAMMING, 7.e., pick-up of the tappet by the 
cam before the stamp has completed its fall. This is caused by too long stroke or too 
many strokes per minute. 


Height of drop may be varied within small limits, with a given cam, by 
changing the position of the tappet on the stem. The amount of variation is, 
however, smail, if the tappet is to be picked up at the place on the face of the 
cam designed for this service. As dies and shoes wear, the height of drop is 
kept as nearly constant as possible by changing the position of the tappet on 
the stem to compensate for wear. A skilful operator can make this change 
while the stamp is in operation by loosening the tappet keys slightly and 
allowing the upward blow of the cam to slide the tappet on the shaft but 
this may result in cutting the stem or gib and it is best to hang up the stamp 
when a change in height of drop is to be made. In general, the height of 
drop of the stamp in front of the feeder, usually the center stamp, is made 
about 1 inch greater than that of the others on account of the greater 
depth of ore at that point. The height of drop of the end stamps is likewise 
normally made somewhat greater than that of the adjacent stamps in order to 
overcome the tendency for the ore to pile up in the ends of the mortar. 


This arrangement is, however, sometimes varied, thus at Suan, Korea (119 P 916), the 
center stamp has 9-in. drop; stamps 2 and 4, 834-in. and the end stamps, 814-in. 


Drop sequence. Cams are spaced at equal intervals on the cam shaf t, 36° or 
72° apart, depending upon whether the shaft carries 10 or 5 cams, in order to 
equalize the load. The sequence in which the stamps in an individual mortar 
drop has a marked effect on performance. If, numbering the stamps from the 
pulley end, the drop sequence is 1, 2, 3, 4, 5, ore will be piled up under No, 5 
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stamp. This will decrease the height of drop and, consequently, the crushing 
effect and thus will result in more heaping up and eventual stoppage of this 
stamp. Clogging will then progress along the battery until the latter is com- 
pletely clogged. Reasoning from this fact, the following rules governing 
sequence have been set down: (1) No two adjacent stamps should fall in suc- 
cession. (2) When one stamp is falling its neighbor should be rising. The 
common sequences, aimed to satisfy this rule, are the Homusrakeg, 1, 3, 5, 2, 4, 
which, stated backward is 1, 4, 2, 5, 3; Cairornta, 1, 4, 2, 3,5 = 1, 5, 2, 4, 3; 
and modifications of the latter such as 1,5, 3, 4,2; and 15,3) 2,4: » The 
sequence 1, 3, 5, 2, 4 comes nearest to satisfying the theoretical requirements, 
but many operators claim that the California sequence gives better distribution 
of pulp on the dies and a swash of pulp in the battery that is better fitted to 
cause material to pass through the screen. 


Clark and Sharwood (22 IMM 73) report that at HomesTaxn the sequence 1, 3, 5,2, 4 
gave slightly greater tonnage than 1, 5, 3, 2,4. At the Gotp Cross mill (88 J 1034 {1909]) 
the drop 1, 4, 2, 3, 5 gave good results while change to the drop l, 3, 5, 2, 4 caused immediate 
trouble. The probability is that both drops can be made to work equally well by proper 
adjustment of the height of drop of individual stamps. 


When a 10-stamp battery is used the sequence 1, 3, 5, 2,4 becomes 
1,7, 3,9, 5, 2,8, 4, 10,6 and 1, 5, 2, 4, 3 becomes 1, 6, 5, 10, 2, 7, 4, 9, 3, 8. 


Cam-shaft is made of a diameter sufficient to withstand the bending stresses imposed 
by the weight of the cams and the lifting shocks, when supported over a span equal to 
the distance between the main posts of the frame, It is made of a metal that will withstand 
the tendency to crystallization brought about by repeated shocks. Mild steel or iron, 
hammered out and turned to the desired diameter, are the usual metals. Foote (122 P 739) 
says that in operating 1050-lb. stamps at 110 drops per min. 11 shafts were broken by 40 
stamps in one year. Forged wrought iron was superior to chrome-nickel steel, vanadium 
steel, mild or machinery steel, or ‘‘Flyer iron.’’ The cam-shaft varies from 5- to 8-in. 
diameter according to the weight of stamps. At Sons or Gwa.LiaA mine, W. A. (101 J 224), 
a 544-in. shaft designed for 1000-lb. stamps broke frequently when the falling weight was 
increased to 1225 lb. Shafts are made to serve batteries of 5 or 10 stamps, never more. 
The shaft is keyed at one end for a pulley and runs in open boxes. Cam-shafts are desig- 
nated as right-hand and left-hand, but the terminology is not universalin this respect. A log- 
ical method of designation is that in which, when the cams on the shaft are looked at in such 
a way that the upper ears are moving away from the observer, if the pulley is at the right 
end of the shaft, the shaft is a RIGHT-HAND SHAFT; if at the left end, a LEFT-HAND SHAFT. 

Life of cam-shafts is reported as from 6 months to 5 years. One mill reports 6 months 
as the average for good shafts and less for poor ones, but this is a poor record. The average 
for wrought-iron shafts 5.36-in. diameter with 900-lb. stamps at HomesTake was 4 years. 
Damping shafts by means of wooden blocks pressed down on the shaft over the boxes 
with a force of 600 to 1000 lb. lengthens the life (98 J 743). Broken shafts can be repaired 
by thermit welding, but must be dismounted for the job (110 J 1092) and one or more extra 
shafts should be kept on hand to reduce delays. 

Cam-shaft boxes are made of cast iron or steel bored out to fit the shaft and machined 
plane on back and bottom. Some makers babbitt the boxes but this is not common prac- 
tice; broken babbitt may fall into the mortar and contaminate the amalgam, The boxes 
are half boxes, cast with rims around the base to form an oil reservoir and thus prevent 
lubricant from dropping into the battery and interfering with amalgamation; canvas 
covers are frequently used to keep out grit. At some African mills using heavy stamps, 
bearings were placed on both sides of all cams, the boxes being carried on heavy castings, 
but alignment was difficult and the castings broke so frequently that the construction 
was found uneconomical. } ies 

Pulley is subjected to heavy service and experience has shown that this service is best 
withstood by a built-up wooden pulley. A common form consists of a cast-iron flanged hub 
faced and keyed inside and out, and a movable flange bored to fit the outside of the hub 
and provided with a key-seat corresponding to that in the outside of the hub. Between 
these two flanges the pulley is built up of 2-in. plank laid up in linseed oil and white lead, 
and faced with 7-in. plank, all securely bolted together, the flanges bolted through, and the 
whole turned true and balanced as accurately as possible. Cast-iron pulleys will not stand 
the strain. Pulleys are finished 7- to 8-ft. diameter by 16- to 20-in. face. The flange is 
normally 36- to 42-in. diameter for such pulleys. Slipping of the pulley on the shaft gives 


330 COARSE AND INTERMEDIATE CRUSHING Sec. 3. 


considerable trouble in some cases. At Hoxiincer a cast-steel flange was pressed onto the 
cam shaft with hydraulic jack to overcome trouble from slipping. 

Belt tightener must be used when the driving countershaft is placed on the sills. Two 
forms of tightener are in common use. RACK-AND-PINION TIGHTENER has a tightening 
pulley carried on a sliding frame that may be racked backward and forward by means of a 
pinion and hand wheel. SusPENDED TIGHTENER has the tightening pulley on one end of a 
lever. The other end of the lever carries a chain that may be wound around a drum fitted 
with a handwheel. (See Fig. 52.) 

Guides are used to hold stems in place and in alignment. They are fastened to guide 
timbers (S) (Fig. 52), The commonest form is made of maple or other hard wood (Fig. 57). 
The two halves are bolted together with shims between 
and bored out to the size of the stems. The shims are 
planed down as the guides wear, in order to maintain 
a snug fit against the stems and prevent vibration. 


2B 


Ra Aad HO 
BS: i wea nan alae HAH Oak guides at HomestTaxr lasted about 18 months 
BA F with 850-lb. stamps; hard pine,4 months. Guide bolts 


loosen quickly in wooden guides under the vibration to 
which the battery frame is subjected and there is a 
considerable amount of friction. Another disadvantage 
of the ordinary wooden guide is,that when a stamp 
stem is to be removed it is necessary to remove the 
entire front half of the guide, which necessitates taking 
out a considerable number of bolts. Ison gurpEs and 
: = ae SECTIONAL WOODEN GUIDES, made to permit removal 
. from one stamp at a time, have been introduced to 
Fig. 57.—Wooden guides. overcome the various disadvantages of the wooden 
guides outlined above. With sectional guides it is 
possible to remove astem by the removal of two bolts only, and individual adjustment 
of guides to compensate for the different wear of individual stems is possible. Clark 
and Sharwood (22 IMM 73) report that at HomrEsTAKE cast-iron guides reduced 
friction and renewal cost as compared with maple or oak. Several forms of iron guides have 
been put on the market; in a typical one solid iron cylinders are bolted individually to a 
back plate by means of two bolts. The back plate is cast with a bottom rail for insuring 
alignment of the guides horizontally and bolt holes are carefully drilled to insure vertical 
alignment. The IpeaL Guipe has split boxes which are tapered downward and dropped 
into converging sockets in a cross casting. These may be removed without removing 
any bolt and are theoretically self-tightening. It is not unknown, however, for them to 
be lifted by the stem, thereby permitting excessive play and vibration. After iron guides 
have been polished there is considerably less friction between them and the stems than 
with wooden guides. The Ideal guide has the sectional advantage likewise. Sectional 
guides are also made as individual half-boxes for bolting individually onto guide timbers. 
There is, however, considerable difficulty in getting them into alignment and keeping them 
there. Another form of iron guide has bushings locked into framos by gib and key. This 
does away with dependence on bolts and nuts which tend to loosen by reason of the vibra- 
tion of the frame, but is less easy to handle. Cast-iron guides without babbitt or bushing 
have the serious disadvantage that they wear the stems badly and that vibration of the 
worn stems causes excessive stem breakage. Babbitt or bronze bushings obviate this 
difficulty, but, if battery amalgamation is practiced, the amalgam is frequently badly 
contaminated by cuttings from the guide liners. The lower guides should be placed as 
near the boss head and the upper as near the tappets as possible to lessen vibration and 
stem breakage. 

Finger bars are used to hang up stamps while the cam-shaft is in motion, in order that 
one or more stamps in the battery may be shut down while others are operating and also 
in order that the cam-shaft may be started up with no load but friction and the inertia 
of the shaft to overcome. They are made of hardwood with a leather-lined cast-iron. shoe 
on one end bored out to fit a jack shaft carried between the posts, and at the other end a 
piece of iron to take the blow of the falling cam. A handle is provided for moving them. 
A cam stick, consisting of a long acute iron wedge tapering from 1 in. to 14 in. in 18 in. or 
thereabouts, and flexibly fastened to a handle, is used for getting the tappets on and off 
the cams. The procedure for lifting a tappet onto the finger bars is to lay the cam stick 
on top of a rising cam in such a way as to bring it between the surface of the cam and the 
under surface of the tappet and, as the tappet is raised the additional height, to push the 
corresponding finger bar forward against the stem so that when the stamp falls the tappet 
comes to rest on top of the finger bar and out of reach of the revolving cam. To drop the 
tappet the procedure is similar except that as the tappet is raised by reason of the presence 
of the cam stick between the cam face and the tappet, the finger bar is removed, allowing 
the stamp to fall. The handle should be offset in order to keep the fingers of the operators 
from being caught between the cam and the finger bar. 
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Screens for the mortar are made up by tacking woven wire or punched 
plate to heavy wooden frames. Panel pieces are used, if necessary, to prevent 
excessive bulging of the screen surface. Screens are subjected to considerable 
wear and the life depends upon the hardness of the ore, acidity of water, 
material of which the screen is made, type of screen, style of perforation, ete. 
Discharge through the screen is dependent upon the type of perforation, per- 
centage of opening, and size of opening. The old practice was to use punched 
tinned plate with circular apertures. This plate is thin, quick-discharging 
and cheap. If heavy enough to withstand breakage, it is probably the best 
available, but with narrow, high-discharge mortars failure by breakage is 
excessive. For heavier service slotted punched plate is used. Present prac- 
tice, where high capacity with coarse discharge is sought, is to use woven wire, 
which has a greater percentage of opening (see Sec. 5, Art 3). Brass, copper, 
bronze and steel are the materials commonly used. Tinned-iron screens are 
annealed before using by heating them to redness and cooling slowly. Steel 
wears best but fails quickly with acid water. Screens for fine-crushing stamps 
are ordinarily renewed before failure on account of the increase in size of 
aperture through wear, therefore for such crushing heavy plate and heavy 
wire are not particularly economical, especially in view of the fact that the 
use of large wire or thick plate reduces capacity by reducing the area of 
opening. | Coarse-wire and heavy-plate screens also are subject to more 
clogging than lighter screens. Capacity requirements dictate screens of 
moderate weight even though such practice involves more frequent replace- 
ment. Percentage of opening is about the same for medium-weight wire- 
cloth screens, irrespective of aperture. It is greater for fine cloth than for 
fine punched plate, but punched plate is stronger. Round holes in plates 
strain the plate worse than slots and clog more by reason of the fact that they 
offer three bearing places to grains that attempt to pass. Slotted screens pass 
a more uneven product than round-hole screens but are preferable for flaky 
ores. Theoretically, diagonal or horizontal slots should give the freest dis- 
charge but swash in the battery modifies this. Punched plate has a burr that 
should be placed inside. Slotted screens are commonly designated by the 
needle sizes or the woven-wire meshes to which they correspond. 


At Suan, Korea (119 P 916), screen with 0.04-in. aperture is used on the lower half of 
the screen frame and 0.035-in. aperture above. 


Life of screens is extremely variable. It ranges from 2 or 3 days to per- 
haps 2 weeks for fine screens and from 2 weeks to 2 months for coarse screens. 


At Homestaxr (22 IMM 74) cold-rolled re-annealed open-hearth steel with diagonal 
needle slots 0.035 in. wide averaged 10 to 16 days’ life and failed by breaking due to wood 
in the mortar. High-carbon cast crucible-steel wire cloth at Nrpissine, 0.25- and 0.4-in. 
aperture, showed practically no wear after 3 months’ service (48 A 13). 

Prospecting mills. Most manufacturers make one-stamp, two-stamp, three-stamp 
aud five-stamp prospecting mills with stamps ranging in weight from 250 to 450 lb., sec- 
tionalized so that no piece exceeds 300 to 350 lb. weight. Such mills require from 2-hp. 
to 6-hp. engines with boiler rated at 25 to 33 per cent. in excess of the engine. The boiler 
will weigh so much more than any part of the stamp that much of the advantage of sec- 
tionalizing is lost. 


Performance of gravity stamps at a number of mills is given in Table 34. 


18. Operation of gravity stamps 


Duty is the tons crushed per stamp per 24 hr. “It varies, according to 
Table 34, from 1.8 for a 750-lb. stamp crushing through 0.022-in. screen to 
21.1 for a 1550-lb. stamp crushing through 0.2- to 0.28-in. screen. Duty 
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Table 34. Performance 
Mill Passagem Baker Mines 
Nominal falling weight, lb............... 750 850 
IDyoyoR oS Pema a eee Se eee 96 102 
Height of drop, in 8 a. 
Size, OL LCCC wc prerc iors “tery Wik spices. ATE NE* Ee oa ES «Tare Se eerie ele — 2-in. 
Screen Mpereure. tia cna ccker tebe fa hee Oe 0.022-in. 0.025-in 
Heightrotidischarge, in. 2... 2s. eS: 3.5 2 
Moisture in discharge, per cent........... O92 Oe see ee 
IOropiseguence:.."ix 5. zs sie seceeys ite aap ane eel Sc eee wear a ne oe falays 1,3, 5,2,4 
Sizelofipréducti(d)ii. ahs os. ote iede dae = Li) Scplt weeadg in| Bea ta Pt! OHS re 
Duty, tons per stamp per 24 hr........... 2.9 3.4 
Horsepower Der: Stale saci ¢ nee seis | eco 1.8f 2 
Tons per horsepower-hour.............:- 0.067 0.071 
Lost time, per cent........... Cite. Genssortgpr PS Pete. ee eee eee abet hare ess eet oe ee eae 
FVELOREN Ce igerecgri Mare oN IE ies ode ake aS 20 IMM 16 13 CME 947 
Mill Hedley G. M. Co. Melones 
Nomimal taffing weight, Tb... 2... cea. aes 1050 1050 
Drops: peryminutenyi tie: 8s. aes 108 107 
HersheuolGrop tae) .cvceieusyetetcciorscslersat « «. <tcre 7% 7 
SIZ OMICOU tee era Mrntaa: che ws aere ea cco cll! nts seenssampnei tc Ree orn ee —1.75-in 
DSCLCEMTADETOLIL OS «tape ener crane: o ake «se lehnger shells ep sans 0.125X0.5-in 0.03-in 
HMeretitvor CIscharveriny. ssa eco akg eee clepitiumeus «cumiewocls payctenl Mises muaraleasecs wacaeer ae 
Moisture in discharge, per cent........... 89 86 
RIPOPVSCGMCIIEC Se Fe eek ee aie «as hap anarip (te nic 1,5,2,4,3 1,5, 3,4, 2 
PSY UAAS (OY Leg OY ROLSUY LOL (CY? Glee nen geen Rea ee aaeatiy Hinaeliv a  enilenarire eo NG MMA eM TNE 6 soc 
Duty, tons per stamp per 24 hr........... 5.5 5-6 
Horsepower, peristau tener eyecrene = <r 3 ar gest 
Tons per horsepower-hour...........-..- 0.077 0.062-0.074 
Moshe, eperreenty Lh). Wels eR I RG, Oe 7.4 é 
Reference strata y ot (ioe sae ae eee oS Q Q 
Mill Belmont-Shawmut Bullfinch Proprietary 
Nominal falling weight, lb............... { oY g ee \ 1200 
Dropsspersmuntitetsnie. .. sons eh Sees 112 106 
Height Of drop rile. «ett tig te Baca gicts 6 ve 
Sizerol heed RUMI oP, eA ae SS 2eIne Poe itis «ok bias Be gee area 
Sereentaperture sy. vou Metre cs ces ret ees 0.065-in 0.08 and 0.2-in. 
Heightroftdischargeinks, Witt se ete Se leer tela ineeel Nemr a Bee ORIG Bt om ies os: 
Moisture in discharge, per cent........... S2I Laine eee cy eee 
TINGDISCAUEN CORE Ane Nee cede oahe Suboaes S| theres, co are ee Ok eee ee a en ee a 
Size ofprodwewcay rcs hee a ee ee Oe ene Shee 6 
Duty, tons per stamp per 24 hr........... a. edi 
Horsepower per stamp... .s0. 2. cess ce Besse ac 
Tons per horsepower-hour...............- 0.127 0.140 
HB OsteU IIe; AD OLAGCI Ojai Lieut aunts eee ito | rma ng oop «cys ecucis MII, apsecucie mie eat oe een ae 
WUCTETERCEn CA aL Ah Ree me let eS EU eae PR. 121 P 659 13 CME 331 
Mill Tonopah Extension Churchill Wonder 
Nominal falling weight, lb............... 1300 1400 
DropsipermmMinutes asses esses segtrelsy= ayes = 99-103 96 
ELGig NGKOlZOANOP yale. craters o ekS ant eons uta cs 7 6% 
Uc OOK acivesreadisen Gavace Vee nlon sashvie dul siucanats — 3-in ae 
SCREEN YADSTO UNE settheleryy cash bytes Texigenngy alatonsreie 0. 26-in 0.375 
Heightotdischargestngs -dswA .. eke eh BE OSG Bowen Gyalle ioe Bilt aaeedys. 
Moisture in discharge, per cent........... Bi aegure evlinl aie, aie, alee 
DRO PiSCOUEN COs ws oy re era le faratcey legis epaara 1, 3,5, 2,4 danse de. dato dM 
BizehctaOLOCUCe (2) tres. tie eek and Geass. onset eae near 3 veigtell aia 
Duty, tons per stamp per 24 hr........... 7-8 eyes 
Horsepower Per StAIP c= « sl sye)< eps eusse, Syope pee Deeks De Sh 
Tons per horsepower-hour............... 0.107-0.122 0.198 
Tostitimie; DersCentsete aacs cate ean yee | gate. Site pat a eee a ey AEE TE 
Reference hs Ae ns BI aS Q 50 Aniog eee 


a With 19-mesh Rek-tang (0.03-in. aperture) = 8.5 to 9.5. 
c 6.5 to 7 tons on hard ore and 9 tons on soft. 


column in Table 34a. 


6 77 per cent. sand. 


d Italic number refers to corresponding 
e Less than theoretical. f Estimated from equation HP = siatstafe 
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of gravity stamps 


a i er ee ee ee ee ee ee 
Homestake Homestake Homestake Waihi Liberty Bell 
900 900 900 900-1250 922 
89 89 89 102-105 98-110 
10 10 10 7-8 7 
Seem. o Pe Pe ae oe Ne as Reon e eds oe ho, Peet shoe 
0.022 nd .5-in 0.022 An .5-in. 0.28-in 0.07-in OR 038-0. 06-in. 
1 225 NO EO ee 
91 92) OBL ||P. tartare betas 88-89 85 
MN Tat RE Sek Cty te ct beie ays t nceheniee AL MS eo euoile «lg ckiOee LOR Sas eS ees 1,5, 2,4,3 
2 3 4 te) ee en errr ee eee 
4.5 4.2 8 5.6 av 4-6 
2e 2.5 f Dorit Saas someones 2 
0.094 0.070 OstSS «fe acd ke ee ee. 0.08-0.12 
EOE SIECE RN: oe GNets SICeHTR eh Sass Hl as eters ates s [haw eh ea e clay oes 1 
109 J 833 22 IMM 73 22 IMM 73 16 Aa 124 Q 
Oriental : Pittsburg- 
Suan Consolidated Nugget Rainbow Silver Weak 
1050 1050 1050 1050 1050 
104 102 100 106 105i 
814-9 74 614 634 644-7 
J At Sy aE OG —1.75-in —1.5-in ship te casted hob lah elate cerasetstafel Sade 
r P a 4-mesh \ : 
0.04-in 0.038-in 0.25-in { No towire |}  0-0164-in 
24% [a |e ee Seven, ee SO biped Miter: iis akaaecats 
OOM Bee ne shove apace ee gcegaes (ED alaemy @ PY hares Mme! Meee 8&5 
PEE ONSEN DEE ce notte, Mer ASM ORC ARE. Nahe SMe HERE. oe a eee ne, Co PCIE sig 0 oem 
Acs aa Peay Tink he aay greet ite ae gee the mone gs geben tele data 
oh DoF QU2F 2.4f 4 
0.094—-0 125 0.055-0 082 0.17-0.185 O., 104-0: 2398 Inictiancenerly 
Bairoreo16 tpl 118 P4220 «| 124P62 | 9951104 | 29M &M 669 
4 "ls 
Sons of Gwalia Pipers fopepah Edna May Plymouth 
1225 1240 1250 1250 1250 
PAAthle Ger eh ne 100 104 108-110 100 
epee Part ae ynare t 9 6 6% 7-1% 
Se PE SESE Pia falco ga) 9 — 2-in. Seek ee aot oto 
8-mes 
0.31 20-mesh 0.187 { ei ke } 0.087-in 
Mere aece ety ace eyes 6 SRC 22 a COC Fic sia ae kel a 5,5-6.5 
82 83 B50 | a Sale SE A, ME ee ee oy 
Pe oa sacs 1,3, 5, 4, 2 1, 5, 3, 2,4 1, 3,5, 2,4 1, 3, 5, 2,4 
RiaenAti tes sete is dee 10 rains thio te onto A PSRs Sth aete sversastc Nile feces 
10 4.7 9 10-11 12.5-16a 
ates acti ails. os 3.5of 2.6 2.8 2.8 
Akers 8 Oe 0.056 0.144 0.149-0.164 0.186-0. 2389 
Men SL ai | etn s ieee o wle'e She eas 11 SOR Fete ks as ae es 
101 J 224 114 P 410 Q 34 Aa 20 13 CME 618 
Mexican pei Santa : 4 
cupiide: iil Nipissing Garterais Rochester Homestake 
1500 1500 1550 1550 1550 
102 96 102 100 100 
8 8 7% 6 8 
AOE, Mel acta reeats honors Orca gmcicnes aaa CRCagt cence =) lr Meme PSP cane Meenas ar 
: if 0.261 and oe = Sane. 5 
0.5-in { 0.408-in. f 0.2-0.28-in. 4-mesh 0.5 
Re Mee ee ig Gare tene 1 pes (eran > See res A PARNS ohdicwive. dh ou Tt Per erie en 
92-94 88 OLS Fev Mallpe tts ges PES. wos i Re. 
PE a ee a re eee ae mn cca nae ace eee 
= 30 ee ae ee ne ee Ga LR ce atta? sales 
38 3.1 3,9 2.9f 3.9f 
0.176 0.090 0.251 0.172 0.160 
0 bVZaitg Ygisiete W305, 665A 397 | toss1s¢° | 1te 5 761 


g With 0.03-in. aperture = 0.126-0.141. 
power costs without affecting tonnage, 


i Reduction to 96 drops lowered repair and 
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Table 34a. Screen analyses of gravity-stamp products 


Reference num- 


ber (from Table} 1 2 3 4 5 6 76 8 9 10 
30) 
grea Weight, per cent. 
SOP Pees cll nie chore SP tee eS Sie dels Pee eg OU eee alpucre tal wie sig ketene tera lopeete OG: Us 20.cee 
PAE beaten eal |e QC REN eens eee LAAT: Jone leecueic c» ea eermetogens | ractrurieats| Mer Sere Si iesono ome! 2S ge VP sce 
ee ae GE rails are ete. | Weed a spas aoten ADs > Ss <l0M le; arate MP gpa Mle wie | cy erred scene 29 go | -c acum 
6-in epee reset oielevel [ters ice ol] 4 a ere =/a)|\ => =igeee hdres se ail\enetwie. RAltehs Ep) oir }/eye (abe Tens 11Gb. B...-2r8 
Salat eae edo es aespea| lain elha's ca.» tif sin wepeta license + “flee meine 87 8) Wace As abe .oeep ee 
(Ae ha Seen Ne ey memes | RCE ea meas (og ON Se Re ee Ra Sn ny RoR) E670), ae 
Sra cre acic SOT eee Te meee Coeie cre cuete [mere ea el evans tae | atte eerie alt= rarer | ere eee ee 
Ore re rete ccerteg ll ctr hen PO REROMICc «igo 5 | ARM Res iy See, I eee ee 
205 ewes. 29 -Solespecslreee es 37 16.7a| 16.2 | 38.6 | 46.9 bas 6.2 
Brie coke SOS 1S he eam Mee eke (eee Resi Peet Pal Ramee cree ee ererenet Pt eteney aitGries ceock 2.2 25.0 
AO Perera at lists = s1c.0 la eRe os |e, = oe eft s woes 12.5 | 14.8 6.6 | 14.5.0. Gena oe 
Pere ahd eo oe bes hats ods, alla gp sfc cs soc] eos Sees bbe a eieee Ro 0.8 12,5 
Eta Se Oe ee ee eee et eee ee ee cee ese tne or mee IEE 
GUS eg ee aes 7 PORRHE SERS ORE sco dicd ols sew rayreles 9,8 7 10.2 4.4 8.7 Wo ee ee 
(is tele Reuss tek My SC eN fcaeeRe Ieciee each ceed etd peancaciera nes eRe amare en (kes ie 0.6 12.5 
BURR ae cio ine te eles boat a aera «s 8.5 B48 oo OS Sk. ce dies ae 
WOO sceerangix.chewcis < 5.9 17 24 28 AOS ane 3.1 7.5 0.6 8.4 
TOAD Oe NE ence ee Semen FE Se erg epee een eee, ar 2 ESR ae, Seer ee 0) ee ey eos ee ow ES i ce 
B50 Pcs des ete CE ie ea ee eae 5 Soe eer Une 2% 5.0 0.8 12.5 
DOE. eee vetvat eat ees 1.6 22 17 11 6.7 3.0 12 1:5 0.5 6.2 
Through last 
sereen....... 16.7) 53 59 24 38.6 | 39.6 6.4 | 15.9 1.3. | 16:6 
a= I.M.M. screens. 6b = Feed. 


depends upon the character of the ore, size of feed and product, weight of 
stamps, number of drops per minute, height of drop, drop sequence, shape 
of mortar, character of mortar foundations and condition of shoes and dies. 

Capacities of stamps of various weights treating different kinds of ore are 
given in Table 34. Capacities of stamps of different weights on the same 
ore are given in Table 35. 


Table 35. Effect of weight of stamp on capacity. (After Caldecott, 19 IMM 57) 


rest | Weight | Screen | Height of Tons Tona Pot cout: 
ee of stamp, | aperture, discharge, Waiter | crushed of + -Ol-in. 
number Hounds iheh inched per ton | per stamp material 
of ore . per 24 hr. in product 
1 1196 0.021 3 5.80 5.88 22.63 
2 1279 0.021 3 5.80 6.58 22.23 
3 1531 0.021 3 5.70 6.74 20.86 
4 1216 0.016 1l 5.40 4.26 5.16 
5 1288 0.016 11 5.30 4.29 4.91 
6 1293 0.016 11 5.43 4.55 9.49 
Vi 1337 0.016 11 6.27 4.96 6.66 
8 1562 0.016 Lt 5.05 Bal7e. 7), AREAS ee 
9 1605 0.016 11 6.30 6.02 11.66 


Drop = 8 in. in all cases, 


Size of feed. The effect of size of feed on stamp duty is a moot question. 
Beaver (81 J 748 (19061) gives the results shown in Table 36 for tests on a 
1050-lb. stamp, showing maximum duty with feed between 1- and 1.5-in. 
But while this is the general trend of experience, the location of the maximum 
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point is not definitely fixed. It will, of course, vary with the weight of the 
stamp. Caldecott (49 IMM 57) thinks 1.75-in. the maximum economical 
size for unaltered Rand banket and says that fine feed distributes the blow 
and is, therefore, uneconomical. Way, commenting on Caldecott’s data 
seg ged iia Serpe of increasing efficiency by feeding fine roll-crushed 
material and using light stamps and a large : 

- number of short drops. This practice would, sete if pee re, ee 
however, entail such a complicated plant, 


consisting of breakers, rolls, stamps and tube Size of feed; Duty, tons 
mills, that any increased crushing efficiency oe sere ae per 24 hr. 
would be far outweighed by the disadvan- 

tages of complexity. Several plants using 2.5 4.04 
coarse battery screens and finishing in tube Z 5 eR 
mills report an increase in tons finished per ia 4.74 
horsepower-hour following the installation of 0.5 4.35 

a by-pass screen ahead of the battery with Oe oor 


covering of the same aperture as the battery 
screen. Clark (109 J 834) says that a 900-lb. stamp can handle 3-in. feed 
and that no gain follows from decreasing the feed size below 2-in. 

Size of product. Fine crushing in the battery reduces capacity by reason 
of the fact that material must be kept in the mortar a longer time and sub- 
jected to a greater number of blows of the stamp before discharge, therefore 
all of the factors that tend to produce a finer product tend to reduce capacity. 
The size of product is determined by the aperture of the screen, the quantity 
of water, the height of discharge, and the character of the screening surface. 


Table 37. Effect of battery screen on stamp duty. (After Caldecott, 19 IMM 57) 


Battery Duty per Tons of —90-mesh ; 
ties ian nominal product per 24 hr. aA gue rs J is defined 
aperture, , 4 CRUSHING UNIT -.C.U.) is define 
inch atarep (@) permominelietentp by Caldecott as a stamp with a 
running weight of 1250 lb. and an 
0.404 15.68 3.85 assumed new weight of 1350 Ib. 
0.272 13.33 3.69 running at 100 drops of 8-in. set 
0.197 12.34 3.84 height (714 in. actual) per minute. 
0.135 12.74 3.83 Stamps of other weight represent 
0.121 11.00 3.83 N.C.U. proportional to their weight, 
0.053 7.24 3.15 e.g., 2 1400-lb. stamp = 1.12 N.C.U. 
0.028 6.49 3.36 


Screens. Increase in screen aperture increases stamp duty, but the 
increase is substantially all in the coarse sizes. (See Table 37.) Table 38 


Table 38. Effect of screen aperture on stamp performance. (After Schmitt) 


Sizing test of product ane 

Screen aperture, | Tons per 1400-lb. aa spaces 

aes ee pene +60-mesh | +90-mesh | — 90-mesh per 24 hr. 

0.27 15 62 10 28 4.2 

0.20 14 59 11 30 4.2 

0.15 13 56 12 32 4.15 

0.09 10 47 14 39 3.90 

0.07 9 43 14 43 3.87 

0.028 7 31 16 53 3.72 

0.02 6 22 18 60 3.58 
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shows that increase in aperture from 0.02- to 0.27-in. increased duty from 6 
to 15 tons but the corresponding change in tons of —90-mesh product per day 
was only from 3.58 to 4.2. 


At Homestak® a similar change from 0.022- to 0.25-in. screen increased duty from 4.5 
to 8 tons but decreased —200-mesh product from 2.4 to 1.9 tons per stamp per 24 hr. 
At the Grant mine, Rhodesia (87 J 543 [1909]), the amount of —120-mesh product increased 
from 20 to 31 per cent. with decrease in size of battery screen from 44- to 3¢-in. Hardinge 
(89 J 221 [1910]) states that the duty of 1000-tb. stamps crushing hard quartz was increased 
from 2.5 to 10 tons on increasing the aperture of the battery screen from 20-mesh to 0.25-in. 
The sizing test of the product with the larger screen was 13 per cent. on 10-mesh, 11 per cent. 
on 20-, 17 per cent. on 40-, 10 per cent. on 60-, 17 per cent. on 100- and 32 per cent. through 
100-mesh. At Nrpisstne (48 A 14) change from 20 stamps with 0.077-in. and 20 with 
0.178-in. screens to 20 with 0.261-in. and 20 with 0.408-in. screens increased the duty from 
5.7 to 6.7 tons. 


Screening surfaces that have a large percentage of opening produce a 
coarser discharge than those having a small percentage of opening because 
with restricted egress, material must be crushed smaller to pass through 
readily. Apertures convergent outward tend to clog and thus not only 
reduce the size of the aperture but also the percentage of opening and both 
of these factors produce finer product. The area of the screen surface does 
not seem to be of great importance, Judged from the fact that multiple- 
discharge mortars do not increase capacity sufficiently to pay for the increased 
cost of screen wear. Most of the screening is done in a narrow strip at the 
lower edge of the screen and any given part of this area is worked only about 
one-fifth of the total time. The layer of feed has time to drain away between 
successive presentations of pulp to be screened so that each new presentation 
is made to a bare screening surface and the area provided in the usual single- 
discharge 5-stamp battery is sufficient. Munroe (9 A 84 [1880]) points out 
that if this were not so, z.e., if crushing capacity were in excess of screen 
capacity, increase in falling weight, which is not accompanied by any sensible 
increase in falling velocity, would not increase capacity, because it would in 
no way affect screening capacity. This is not rigorously true, because increase 
in the amount crushed per blow increases the proportion of fines in the pulp 
splashed against the screens, which, of course, makes the task of the screens 
easier. 

Height of discharge is the vertical distance from the top of the die to the 
top of the lower rail of the screen frame. The height of discharge increases as 
the dies wear. In order to keep it constant, as should be done, chuck blocks 
of different heights are provided which vary the height of the screen above the 
bottom of the screen opening. For closer regulation slats 1 to 114 in. thick 
are used between the bottom of the screen and the top of the chuck block. 
The height of discharge may also be varied by use of a false bottom under the 
dies but this practice is not favored because of the effect on the character of 
impact. 

High discharge results in low capacity by reason of the tendency of the 
coarser material to settle and not be lifted to the screen surface. Small dis- 
charge height should be used for large capacity and high discharge when a 
fine product is desired at the expense of high capacity. The tests shown in 
Table 39 consistently bear out the conclusion that, with a given screen, 
increase in height of discharge results in decreased tonnage and increased 
fineness of product. The effect is least with the finest screen. With 
high discharge, the size of screen aperture, within the limits of these tests, 
has no appreciable effect on either tonnage or size of product, but with low 
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discharge the tonnage is materially decreased and fineness materially increased 
by change to a finer screen. 


Table 39. Effect of height of discharge on stamp crushing. (After Meinke, 100 J 763) 


Screen Height of Tons Screen analysis 
Test aperture, | discharge, crushed 
number gach a wohies per stamp 

per 24 hr.} +40 | +50] +60 } +80 | +100] —100 
1 0.024 8 3.05 e573) 7.9 | 4.9 5.7. | 24.0 | 49.2 
2 0.024 8 3.00 3.8 Te ome AO, 5.4 | 26.3 | 51.0 
3 0.020 8 2.90 (i559 6.8 | 4.5 525 1-260! | 50.7, 
4 0.024 5 3.48 8.3 | 14.5] 6.0 4.9 | 23.4 | 42.9 
5 0.024 5 3.34 8.7 10.9 6.7 10.7 | 24.6 | 38.4 
6 0.024 5 2.97 2a3 CR7Tie 629 6.3 | 26.9 | 50.9 


Water. If the quantity of water fed to the battery is small the discharge 
is fine because the velocity of water-flow through the battery is not sufficient 
to carry the heavier particles in suspension and there is a lack of water to 
wash particles through the screen. The high viscosity of thick pulp reduces 
the rate of flow through the screen apertures, but, conversely, increases the 
carrying power for coarse material. If water is fed on top of the stamps, as 
is the most usual practice, part of the stream flows down over the screen and 
washes fine material away from the apertures. This effect is more marked 
the finer the screen. Individual jets introduced through the back of the 
mortar at the level of each die are probably the most effective in the case 
of coarse screens, but with fine screens such jets, unless operated at low veloc- 
ity, wash coarse material against the screens and cause blinding. 


Pitt (8 JCM 373) recommends for fine and medium crushing that the water be so intro- 
duced as to flow down the back of the mortar and thence forward across the dies. West 
(116 P 7), stating the duty of 950-lb. stamps on the MorHer Lops, Cal., as 7.5 tons through 
20-mesh screen, when making 110 @ 714-in. drops per min., notes a water-solid ratio of 2.4 to 
land states that increase in water would have increased the capacity. He also states that 
coarse crushing requires more water than fine. Recent practice is to use coarse screens 
and a small amount of water. Carpenter (11/6 P 288) records a duty for 1400-lb. stamps 
of 20 tons per 24 hr. through 1-in. screen with 2.6 tons of solution per ton of ore and expresses 
the opinion that doubling the solution would not increase duty 10 per cent. 


Weight of stamps varies from about 900 to 2000 lb., this weight being 
that of the falling part including shoe, boss head, stem and tappet. The 
distribution of weight between the various parts is given in Table 30. The 
trend in the United States is toward stamps weighing from 1250 to 1500 lb. 
South African practice goes toward yet heavier stamps up to 2000 Ib. Increase 
in weight causes increase in capacity (see Tables 34 and 35) but has little 
effect on size of product, all other things being constant. Tests 1 to 3, Table 
35, indicate considerably more effect on tonnage crushed of the 80-Ib. difference 
between 1 and 2 than for the 250-lb. difference between 2 and 3. On the 
other hand, as between tests 4, 6 and 8 the rate of increase in capacity with 
increase in falling weight is substantially uniform. Within the range covered 
this is probably the proper conclusion. Increase in weight is accompanied 
by increased breakage of cam shafts and stems, greater screen wear and 
metal consumption. } 

Height of drop. The amount crushed per drop increases with increase in 
height of drop. Meinke reports that 900-lb. stamps making 100 @ 6-in. drops 
per min. with 8-in. discharge height crushed 2.66 tons per stamp and with 
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7-in. drops, 3.05 tons per stamp per 24 hr. This is substantially direct 
increase. Munroe has shown, however, that more ore is crushed per blow of 
a given foot-pound value with a short drop and heavy stamp than under the 
reverse conditions. Louis (28 A 553 [1898]) has shown that the actual falling 
velocity is less than theoretical by a sensible amount (see Fig. 58), and has 
taken a series of stamp-indi- 


8 B < cator cards which show that 
a7 é \ 4 the actual ultimate velocities 
56 \ range from 85 per cent. of 
= \ {wee theoretical with 82 @ 6/4-in. 
= / \GE drops per minute to only 63 
eo a -| | | | t ji per cent. with 93 @ 8-in. 
23 rir] ‘ + eral drops. Since the force of the 
22 blow struck varies as_ the 
= 4 it | real i square of the ultimate veloc- 

oA alfa ity, these figures correspond 


0 0) 02 05 04 05 06 O17 08 09 10 to losses of 30 to 60 per cent. 

Scale of time in seconds due to friction and pulp re- 

Fig. 58.—Stamp-mill diagram. sistance, the loss being greater 

; Wight-in. lift, 80 drops per min. Dotted line, actual with the higher drop. Fur- 

rising path; dash-dot line, theoretical graph of fall. ther, the short drop permits 

more drops per minute, hence the line of development has been toward heavy 

highspeed stamps. High drop causes greater splash in the battery and, there- 
fore, more rapid discharge. 

Speed. The amount crushed per unit of time increases directly with 
the number of drops per minute. The amount discharged shows a similar 
increase in wet-crushing batteries, but in dry-crushing batteries the increase 
in amount discharged is out of all proportion to the increase in speed. Munroe 
reports an increase in yield of 122 per cent. for an increase from 60 to 90 
drops per minute and an increase of 55 per cent. for a speed change from 
90 to 102 drops. 

The number of drops per minute and height per drop are interdependent, 
as may be seen by reference to Fig. 58, in which the portion of the curve from 
(A) to (B) represents the time when the cam is in contact with the tappet, 
that from (B) to (C) the time required for the upward momentum to be lost, 
that from (C) to (PD) the falling time, that from (D) to (a) the time for rebound, 
and that from (a) to (A’) rest time. Clearly, the time for a cycle witha 
given drop cannot be shortened beyond the point where the stamp is picked 
up on the rebound without danger of camming. If, however, the height of 
drop is lessened, the time for completion of a cycle is correspondingly decreased 
and the number of cycles or drops per minute can be increased. The force 
of the blow struck by the falling stamp can then be kept up by increasing the 
weight of the stamp. As above stated, the trend of modern practice in which 
stamps are heavier, has been to make drops shorter and speeds higher than 
formerly. The limit is reached when the force of the falling stamp is insufficient 
to break the largest particle of ore in the feed. The average of present-day 
practice is 100 @ 6- to 8-in. drops per min. 

Condition of shoes and dies has a great effect on the capacity of the 
battery. These parts tend to wear unevenly; when wear has passed a certain 
point the capacity is greatly decreased. 

Power for stamps varies with the weight of stamp, height of drop, and 
number of drops per minute. The theoretical power required may be cal- 
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culated by the formula HP = WHN/(12 X 33,000), where W is the weight 
per stamp in pounds, H is the height of drop in inches and N is the number 
of drops per stamp per minute. The total theoretical power for a battery 
is this figure multiplied by the number of stamps. The actual power con- 
sumption exceeds the theoretical by from 16 to 70 per cent. An allowance 
of 25 to 30 per cent. excess is safe for purposes of estimate. Tons crushed 
per horsepower-hour averages, according to Table 34, 0.074 with battery 
screens finer than 0.05-in. aperture, 0.138 for apertures from 0.05- to 0.25-in. 
and 0.164 for apertures coarser than 0.25-in. Truscott is quoted (111 J 200) 
to the effect that South African performance averages 0.05 ton per hp.-hr, 
from —2-in. through 30- to 40-mesh screen, 0.1 ton through 12- or 16-mesh, 
and 0.2 ton through 3- or 4-mesh. These figures are of the same general 
order as the preceding. 

Moisture in product. Present-day practice is universally wet crushing. 
Table 34 shows a range in the percentage of moisture in pulp discharged 
through the screen from 75 to 94 per cent. The average of Rand practice 
is about 85 per cent. with a range of 50 to 90 per cent. The quantity of 
water used per ton is less with coarse screens than with fine and less the 
smaller the height of discharge. 

When lime-bearing solution is being fed, all water lines should be of gener- 
ous cross-section, nozzles should be at least 1-in. diameter, and all lines should 
be in duplicate with provision for easy replacement. 

Feeding is universally done by means of automatic feeders in order to 
secure a supply of ore to the stamps properly regulated in proportion to the 
crushing done. Irregular feed not only decreases capacity, but increases 
breakage of stems and cam shafts. The Challenge feeder (Sec. 20, Art. 4) is 
most commonly used. The Tullock feeder is occasionally used. The Chal- 
lenge feeder is the most satisfactory, especially on wet and sticky ores. It 
is operated by means of a small tappet on one, usually the center, stamp stem. 
The length of stroke of the feeder and consequently the quantity fed are 
determined by the distance that the stamp falls. Therefore, when material 
pues up in the battery the stroke is shortened and the quantity of feed auto- 
matically lessened and vice versa. The feeder is set up either suspended or 
supported, but in either case is arranged to slide out of the way when access 
to the space behind the stamps is desired. 

Lost time in stamp mills is due to breakage of parts, principally stems, 
shoes, cams and cam shafts; dropping of boss heads or shoes; slipping of 
tappets, pulleys, or cam-shaft collars; renewal of shoes, dies and screens; 
regulation of height of discharge and height of drop; and dressing or cleaning 
plates inside and outside the battery. The latter cause is not directly charge- 
able to the stamp as a crushing device. Losses due to the other causes range 
from 1 to 11 per cent. (see Table 34). . 

Cost of crushing in gravity stamps ranges from $0.15 to $0.50 per ton. 

At Homersraxe with 1000 @ 900-lb. stamps the cost in 1913 was $0.36 per ton, making a 
product 81 per cent. — 100-mesh. Comparative costs at SrmMuR AND JACK PROPRIETARY 
with heavy stamps and tube mills was substantially the sane but the ore was much harder 
(22 IMM 185). The cost of stamping alone at SimMER AND Jack Hast in 1907 with 0.016- 
in. sereen aperture, making a product containing 11 per cent. +0.01-in. material at the 
rate of 5 tons per 1350-lb. stamp per 24 hr. was $0.45 per ton. Placing 0.057- and 0.035-in. 
screens on the stamps, thus raising the duty to 8.33 tons and re-grinding in tube mills reduced 
the percentage of +0.01-in. material to 1.6 without changing the cost of grinding (19 IMM 
57). Cost at ALASKA-TREADWELL in 1915 ranged from $0.17 to $0.21 per ton in the 5 mills. 
At CuurcuILy, WonDER (1913-1914) (52 A 128) cost was $0.081 for labor; $0.073 for power; 
$0.031 for supplies; total, $0.185 per ton. At NIPISSING (81 Ont. Dep. Mines 259) forty 
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1500-Ib. stamps crushing from 1}4-in. to 4-mesh cost $0.10 for labor, $0.07 for supplies, 
$0.11 for power, $0.03 for shop; total, $0.31 per ton (aver. 1913-1922). 


19. Nissen stamp 


Description. The Nissen stamp unit consists of a single stamp falling 
in an individual mortar which is cylindrical in horizontal section. Two 
stamps mounted in a frame similar to that used with the 5-stamp battery 
constitute a unit and require about the same floor space as one 5-stamp 
battery. The screen extends more than half-way around the mortar and 
has an area of 3.75 sq. ft. which is about 314 times as much per stamp as in 
an ordinary single-discharge 5-stamp battery. The mortar is made of semi- 
steel with manganese-steel liners. The total weight of a steel-frame battery 
ranges from about ten times the falling weight for a one-stamp unit to five 
times for a four-stamp unit. 

Performance. Nissen (12 JCM 357) claims the performances given in 
Table 40. 


Table 40. Performance of Nissen stamps. (After Nissen) 


Falling < Tons 

weight, Mine Ore ee crushed 

pounds per 24 hr. 
OO, Cael ecke Mae t alan be sce Bas, carl vers pre ee acres: 35-mesh 9 
T5OOL Wah, nere Recs Feet c poe atten Wye eeencec, Regs 30-mesh 10.7 
1500 WMeeuwpOONtn: eho cs Mec aes Hard, tough 17-mesh 13 
R700 TOR oo VeRO... HATE ERD OEE SPS 2 30-mesh 11 
1750 Linnétetsen tb Azetoliast oF a. Soft 26-mesh 20. 
MOSOvepee: Le ee ech plies th Ccukts eho ae 35-mesh 10.7 
2000 Sham yarns. ce wees yee east Medium 34-in. 35 
2000 Palconses ws, JF Ree eS Medium %64-in. 19.5 
2000 Paininete nets s81) Sears ew dese Soft 28-mesh 20 
2000 BUS i Chi rary eth < oec creas doe Soft 346-in. 25 
2000 NED CREWIC tomyens +. l-ctr me sso ciec Hard qtz. 17-mesh 15 
2000 WAIT VIEW North e caate oak ees eres Medium 3-mesh 33 
2000 Modderfontein B............ Hard qtz. 3-mesh 29 
200G6 New Modderfontein.........| Hard qtz. 3-mesh 30 


An exhaustive competitive run of Nissen vs. ordinary gravity stamps was made at the 
City Deep mill on the Rand in 1911. The results are givenin Table 41. A less exhaustive 
test at the Norruern Customs Concentrator Co., Cobalt, Ont. (81 CMJ 87), 
showed a duty of 5.5 tons per 24 hr. through 30-mesh screens for a 1650-lb. Nissen stamp 
against 2.25 tons per 1250-lb. stamp in a 5-stamp battery; the power consumed by two 
of the Nissen stamps was 40 to 50 per cent. less than that for the five 1250-lb. stamps; the 
feed was a hard conglomerate crushed through 1.5-in. The +40-mesh in the Nissen-stamp 
product was 8.6 per cent. and the — 200-mesh, 43.4 per cent. against 5.2 per cent. and 
48.8 per cent., respectively for the 5-stamp battery. A similar comparative test at Tin- 
croFrt, Cornwa'l (11 MM 378) showed 11.4 tons per stamp day for a 2000-lb. Nissen vs. 7.2 
tons for a 1250-lb. standard s'amp; the respective tons per hp.-hr. were 0.69 and 0.08; 
the products were substantially the same, viz.: 13 to 16 per cent. +20-mesh and 26 to 27 
per cent. —200-mesh. The 5-stamp mortar was particularly narrow with straight 
back and steep front. At Modderfontein B (114 J 836) California stamps crushed through 
6-mesh Ton-cap witi a consumption of 6.5 hp.-hr. per ton; Nissen, through 9-mesh Ton-cap, 
4.4 hp.-hr. per ten. 

4 Advantages claimed by Nissen over the ordinary 5-stamp battery are as follows: (1) It 
is difficult to distribute feed evenly to the dies in the 5-stamp mortar while in the Nissen 
the feed is led directly onto the single die and each rise of the stamp causes the pulp in 
the mortar to flow toward the center of the die. (2) The area of screen per stamp is 
greater in the Nissen and the pulp is presented to the screen along a normal to the surface 
instead of at an angle, as is the case with most of the pulp in the 5-stamp mortar. Both 
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differences make for more rapid screening and hence greater capacity in the Nissen. 
(3) Cam-shaft breakage is less in the Nissen because of the smaller loading (two stamps to 
be lifted between bearings vs. five in the ordinary battery). The diameter of cam-shafts 
in the ordinary battery cannot be further increased owing to the resulting increased velocity 
of pick-up. (4) The limit of weight (and, therefore, capacity) of a 5-stamp battery has 
been reached on account of the incre se in size of mortar and in length of cam-shaft neces- 
sarily attendant upon further increase in diameter of falling parts or, if the increase is 
gained by increase in length of head and weight of tappets, stem breakage is increased, 
due to the great length below the lower guide aud to vibration caused by the heavy tappets. 
A larger mortar means greatly increased difficulty in anchoring the mortar and also greater 
strains in the mortar itself. In the Nissen stamp the weight is concentrated near the shoe 
by use of a shouldered boss, consequently vibration is lessened. (5) Shoes and dies wear 
more evenly in the Nissen stamp, due to even return of the uncrushed material to the die 
and great rotation of the stamp, hence the faces are flatter and the capacity correspondingly 
greater. (6) Power and steel consumption are less on account of the higher discharge 
rate gained by favorable screen placing. 


Table 41. Summary of competitive test of Nissen and standard gravity stamps 
at City Deep mill, Johannesburg. (12 JCM 111) 


Mest numbers. us, Gc bet} acs 1 2 3 4 5 
Kind of stamp... 2.0.05. N S N S N S N S N S 
Falling weight, lb......... 1932 | 1863 | 1927 | 1859 | 2245 | 1855 | 1993 | 1775 | 1991 | 1773 
Drops per minute......../ 103 | 100 | 103 | 100 |} 103 | 100 | 103 | 100 | 103 | 100 
Height of drop, in......... 844 | 8% | 8% | 8% | 8% | 8% | 844 | 84% | 8% | 8% 
Height of discharge, in.....| 254 | 214 2 23% 2 24%) 2 | 24% | 24% =| 24% 
Sereenisinds, 6 A, 4.20 T T T 2 WwW Ww W Ww WwW 
Sereen, aperture, width, in.|0.205/0.205|0.205|0. 205|0.375|0.375|0.277|0.277|0.375|0.375 
Screen, aperture, length, in.}]0.536]0.536|0.536]0.536|0.375/0.375/0.277)0.277|0.375|0.375 
Per cent. solids in discharge] 15.6 | 27.1] 19.2] 29.4} 24.4 | 31.8] 23.3) 23.3] 24.8] 23.5 
Size of feed (6).......... 1 2 3 4 5 6 7 8 9 10 
Size of product (b)....... 1 2 3 4 5 6 7 8 9 10 
Tons crushed per stamp per 

adhe Pe eet. ese = 24.5|18.3) 27.7 | 19.9 | 36.71 22.7.) 29.8} 21.0) 37.7 | 24.3 
Horsepower per stamp (a) .| 4.1 | 4.2 | 4.1] 4.2 | 5.0 | 4.2 | 4.2] 4.6 | 4.2 | 4.6 
Tons crushed per horse- 

OWer-hOUr.. ss. os ve se 0.2510.18] 0.28) 0.20] 0.30 | 0.22 | 0.30] 0.19 |0.37/ 0.22 
Wear of shoes per ton 

lerushed eink. 20s. 9 OF8 0.13/0.14|]0.14|0.24/0.20)0.19 0.15) Oe 0.11) 0.08 

i | 


N = Nissen. S = Standard 5-stamp battery. T = Tyler Ton-cap. W = Square- 


mesh No. 14 (0.08-in. wire). 
a Excluding belt, shaft and motor losses. 6 Numbers refer to screen analyses on 


Table 41a. 


Table 41a. Screen analyses in connection with Table 41 


Test number... 1 2 3 4 5 6 a 8 9 10 
Cae mesh.| 36.9 | 12.1 | 14.96|12.4 | 26.9 | 18.2 39107) sae Se Taal uel 
1%-in. mesh.| 18.6 | 14.4 | 14.50] 11.35] 18.75) 16.0 | 19.7 18.0 | 20.9 | 17.1 
Y-in. mesh..| 15.1 | 20.2 | 20.40 TOPSS | 19S ILS, Loe lo Or 2ieos=1 Sid 19.1 
Yin. mesh..} 11.7 | 12.7 | 16.95] 17.70) 13.05 16.25) 9.3 16.0 12.7 | 12.6 
—-in. mesh] 27.5 | 87.9 | 33.20 | 39.20 | 22.0 31.4 TiOn\ 30).60) 2609, leet 
Ber ag lak. 65.2 | 63.4 | 64.9 |63.4 | 67.24169.33] 66.6 | 66.5 | 70.7 | 70.7 
+90-mesh... 8.3 Ort lp p8n46ieS- 701148262. 9.09), -9-:9)4 10.2, 1510.1.) 10,3 
=O90-mesh.. |. .9.7.|, 1240.1) 8.46), 9.10) 10.84.) 9.82) 8.8 |, 10.9 | 10.2 9.2 
PP OH0tmeshe | 16.7" 10.7 | 18.10) 195 113-3 9/16) 147 ol. 9.0 9.8 
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20. Pneumatic stamps 


Description. Pneumatic stamps, also called CRANK STAMPS and HIGH- 
SPEED sTAmps, have had limited use. The Holman (Fig. 59) is the best 
known. It consists essentially of a cylinder (a) at- 
tached by means of trunnions (b) and connecting rods to 
the driving mechanism. A crushing member consisting 
of shoe (c) and boss-head (d) is mounted on the lower end 
of a piston rod (e) that runs through the cylinder and 
carries piston (f). Air ports are provided in the cylinder 
6 walls, one set for use with new shoes and dies, the other 
when shoes and dies are half-worn. The piston itself acts 
as a valve, closing the lower ports on the up-stroke and 
the upper ports on the downstroke and thus providing 
air cushions that protect the cylinder heads. The stamp 
is run at 120 to 140 @ 12-in. strokes per min. and re- 
_ quires from 30 to 35 hp. per unit of two stamps. 
Performance. At East Poon, Cornwall (86 J 213) one 2-stamp 
unit crushed 21 tons per 24-hr. of —3-in. feed through a 25-mesh 
screen. The capacity of a 950-lb. gravity stamp on the same 
feed is 1.4 to 1.5 tons per 24 hr. At MountTain QueEEN, West 
Australia (95 J 108) a 2-stamp unit crushed 135 to 160 tons per 
day of fairly hard ore through a 10-mesh screen. Metal con- 
sumption was 0.45 lb. per ton; water, 1200 gal. per ton. At 
Basitonta Gotv Minss, Nicaragua (113 P 911), a 2-stamp unit 
making 145 to 150 drops per min. crushed — 2.5-in. feed through 
6- and 9-mesh wire screens at the rate of 25 tons per stamp per 
24 hr. Water consumption was 9 tons per ton of ore. Mortar 
liners lasted 4 months, stems 3 months, screens 3 days. Wear of 
shoes was 0.48 Ib. per ton and of dies, 0.17 lb. per ton. The 


product contained 50 per cent. +20-mesh and 12 per cent, — 
200-mesh. 
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Fig. 59.—Pneumatic 
stamp. 


21. Stamps vs. other crushers 


Stamps vs. stamps plus tube mills. Table 42 shows the reasons that 
caused the change from stamps to stamps plus tube mills for fine grinding 


Table 42. Stamps vs. stamps plus tube mills at Simmer and Jack East 
Crushing machines Stamps Stamps + tubes 

Running weight of stamps, average pounds......... 1350 1500 
Speed drops per mInute. ee ne kee en 96 96 
Hereht<of drop, im; average: .+-.-. os oss ene re ees 8 8 
Herght of discharge, in., average... j.50. 005s. cee ees 9 3.5 
Sereem aperoure; dU). ds cules sceur ses shen cic «sls ce echo 0.016—0.017 0 .035-0 .057 
Ratlouwater uO Ore Dy Weleht. . - erste uretetea ee telee Sarak 6.46 :1 
Per cent. +0.01-in. material in product............ 10.9 1.6 
Cost, dollars per ton J. U0 2s. 35 a ERE 0.3515 0.3578 


for cyanide work. By putting coarser screens on the stamps (0.057- and 
0.035-in. instead of 0.016- and 0.017-in.) and sending the sands to tube mills 
for regrinding, the stamp duty was increased from 5 tons per 24 hr. to 8.33 
tons and the percentage of material remaining on a 0.0l-in. screen was 
reduced from 10.9 per cent. with stamps alone to 1.6 per cent. with stamps 
plus tube mills, with an increase in cost per ton ground of 0.63¢. Later 
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practice uses still coarser screens on the stamps and more tube mills, with 
resulting increased production of fine material per unit of cost. As early 
as 1909 the Mines Trials Committee on the Rand reported (So. Af. Min. Jour., 
Oct. 9, 1909) that crushing to 3-mesh in stamps with final reduction in tube 
mills would give a stamp duty of 15 tons per 24 hr. with a 1400-lb. stamp 
and represented the maximum economy with these machines. 
Stamps vs. rolls. Reid (17 CMJ 456), analyzing the factors determining 
the choice between stamps and rolls as intermediate crushers for CopaLtT 
mills, says that stamps were used because of the anticipated short life and 
low capacity of the mills, while the ore was tough and required fine crushing 
to free the mineral. Rolls alone could not finish to the required fineness and 
several in series would have been needed, together with a final fine grinder, 
to accomplish the size reduction possible with one set of stamps. This would 
have meant a complicated flow-sheet and more slime would have been pro- 
duced than with the stamps. Furthermore, on account of the small capacity 
of stamp units, heavy stamps can be used with resultant economy, while 
rolls of the size and weight necessary for economical operation would have 
great excess capacity. 

Stamps vs. ball mills. The general and probably the correct conclusion 
on this question, when all-slime cyanidation is the metallurgical aim, is that 
stamps are superior for small tonnages of hard ore, but that for any tonnage 
that will justify the use of a 6-ft. ball mill or larger, ball mills followed by 
tube mills will be the most economical combination. The stamp has the 
advantage for small tonnages that it can finish to slime from as coarse as 
3-in. feed at one operation, which a small bali mill cannot do and a large one 
cannot do economically; the stamp unit is of small capacity and hence the 
most efficient size can be chosen, even for small mills; and the small capacity 
per unit permits one unit to be cut out for repairs without serious diminution 
of mill capacity. On the other hand, for large tonnages, when the choice 
is between stamps plus tube mills and ball mills plus tube mills, the ball mill 
does more crushing per unit of power input than the stamp, has a much 
smaller percentage of lost time, takes less attendance, has fewer parts and is, 
therefore, less complicated; the foundations are simpler, it takes less mill 
room, the first cost is less, and it is less noisy. Steel consumption probably 
averages less in the stamp, but if the stamp is charged with broken stems, cams, 
camshafts and discarded tappets, the difference in its favor quickly disappears. 


At a Canadian mill (113 P 260) eighty 1250-lb. stamps crushed 800 tons per day through 
3%-in. screen with a consumption of 7.2 hp.-hr. per ton milled. One 6-ft. ball mill crushed 
498 tons per day to substantially the same size, consumed 5.3 hp.-hr. per ton, and required 
about the same floor space as 10 stamps but less mill height and mill construction. 


SECTION 4 
FINE GRINDING. CRUSHING EFFICIENCY 
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5. Conical ball mill vs. cylindrical ball Vs. Chaleantimillsc ac wie eect. Sah,ceiete 473 
iat a, oR ERR hee ere 380 TS _ Hunbin eto WOM oe csancveneus ca? ogee 481 
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ese Trl axsp ral lS re laa: Bonn aetna 425 27. Crushing exicClen eves Saat. scteie tenes 488 


In present-day terminology, fine-grinding machines are those that deliver 
the finished product well under a millimeter in maximum size. ‘The machines 
most commonly used for this work are cylinder mills, including ball mills, 
tube mills and rod mills; gravity stamps; and, in comparatively rare cases, 
Chilean mills, Huntington mills, and grinding pans. The great bulk of fine 
grinding in concentrating mills is done by the first three types. Stamps 
as fine grinders are now found only in occasional gold mills of small size. 
Huntington mills have practically disappeared. Chilean mills have a limited 
use in small, isolated precious-metal mills. Pans have never had wide use 
and have been supplanted by more modern machines in practically all places. 
Their only claim to consideration at the present day is small first cost. 


CYLINDER MILLS 


The term cylinder mills is herein used to describe machines that consist 
essentially of hollow containers of circular cross-section, mounted with the 
‘axis substantially horizontal, and partially filled with crushing bodies that 
are caused to tumble, under the influence of gravity, by revolution of the 
container. There are several different types. The usually accepted primary 
classification is based on the character of the crushing bodies and groups the 
machines as: (1) ball mills, in which the crushing bodies are usually metal 
spheres, although other shapes such as cones, cubes, octahedra, short cylinders 
and the like have been tried; (2) pebble mills, using flint pebbles or selected 
lumps of local hard rock or ore as crushing media; (3) rod mills, in which 
straight metal rods of cylindrical or polyhedral section and substantially 
as long as the cylinder form the tumbling mass. Ball mills are further classi- 
fied as (a) cylindrical mills with trunnion feed and simple trunnion discharge 
called CENTER-DISCHARGE OF OVERFLOW MILLS; (b) cylindrical mills with 
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trunnion feed and an accelerated trunnion discharge accomplished by some 
type of pulp elevator at the discharge end, called pERIPHERAL-DISCHARGE or 
GRATE MILLS; (3) conical mills; (4) cylindrical mills with trunnion feed and 
discharge through a peripheral screen, often called Krupp mitus. Pebble 
mills with cylindrical shells are called ruse mits and those with cylindro- 
conical shells, CONICAL PEBBLE MILLS. A rod mill commonly has a cylindrical 
shell but the cylindro-conical shell has been tried successfully. 


1. Center-discharge mills (Overfiow mills) 


These consist essentially of a cylindrical shell of heavy metal partially closed 
at both ends by metal heads carrying hollow trunnions. The cylinder is 
mounted horizontally, usually on trunnion bearings but occasionally on a 
tire and rollers at one or both ends. A gear mounted on the outside of the 
cylinder is driven by a pinion shaft, suitably mounted at one side and actuated 
by various means. Balls up to 7-in. diameter are charged until the mill is 
filled to within a few inches of the axis. Feed is introduced through one 
of the trunnions and the ground product flows out at the other end. Mills 
range from 3 to 8 ft. in diameter and from 2 to 8 ft. in length. Ordinary 
sizes are given in Table 1. 


Table 1. Cylindrical ball mills. Size, weight and operating data, from makers’ catalogs 


Power, horsepower . 7 : 
F Speed, y Weight | Weight of mill 
Diameter, |Length,| Ball charge, copied SA ire and liner, 
feet feet pounds per minute Ravlivediingtalled pounds pounds 
3 2 1OQO' BSG (ALM. Ae 6-8 LONG A..¢ 7500 
3 3 875-1200 32-40 5-10 15 2000 8400 
3 4 1400 32 8 AON... «apeca Oiety ety 
3 5 1800-2600 31.5-40 10-15 202 On Vacca iee eee 12,000—13,000 
4 3 2400-3000 27-29 14-20 2072518) AOL eer. 14,000- 23,000 
a 4 3000 27-32 18-25 30-40 3600 23,000—25,000 
4 5 3600-5000 27-29 22-28 AON rel iaiotecone: 27,000 
4 6 4200-6000 27-29 26-33 40 SEE PRD 29,000 
4 7 7000 27 39 DOME = peeneeyat 30,500 
4 8 8000 27 44 GOP =) Fen ee 32,500 
4% 444 4480 27 2hAt Ves e fation 53009. Ut nye . apes 
5 3 4000 26 PAO fay estat eh | PEAR Pai] ie aaa Pye a Os 
5 4 4000-6900 24-28 30-40 SO=60i Ak eae 24,000-34,000 
5 5 6400-8600 24-26 36-50 75 6500 36,000—37 ,000 
5 6 7,600—10,400 24-26 42-55 TOW lis bo oe eke 39,000 
5 8 12,100 24 67 TOO WIA he s-6 cocl.eeon 41,000 
5 8 13,800 24 75 100 Weal chee 43,000 
6 3 6000 23 50 Liem \leeernorae «2 35,000 
6 4 8000-9800 22-24 58-62 CD SON, Sevens seo 36,000-48,000 
6 44 7000 22 50-75 an | eet oe 43,000 
6 5 10,000—12,000 22-24 72-80 LOOK ANS oa oe 37,000—52,000 
6 6 12,000—14,700 22-24 86-100 | 100-125] 12,000 | 49,000—56,000 
6 7 17,000 22 100 12: aaa Pee Cee 52,000 
6 8 19,600 22 114 D2 Seed Nh <thasy ono rehe 55,000 
vi 5 16,750-18,600] 20-20.5 | 100-150 TZ5=Ta0 |e. ate os 59,000—70,000 
7 6 20,000-23,000} 20-20.5 | 127-135 RS OMMN spent. ere 63,000—73,000 
7 as 19,450 23 V4O0 lial Seb: P54 OO LEM sci 
8 5 22,500-25,000 18-19 145-150 Oe Ncipranpiencs 79,500-—89,500 
8 6 27,000-—30,000 18-19 150-225 | 200-225 28,000 | 82,000—10,000 


A9  X 6-ft. mill is being tested at Inspiration; see page 359. 


ills i i i-st teel, made extra thick, and 
Shell of most ball mills is cast iron, cast semi-steel or cast steel, , anc 
flanged at the ends for attachment to the heads. The joint between head and shell is 
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made with tongue and groove in order to distribute shearing stresses and take some of 
the load off the bolts. Long shells are usually segmented with flanged joints similar to 
those at the ends. The Marcy mill is cast in two parts with heads integral and has a 
flanged joint at the center of the barrel. The shell is drilled for liner bolts. Some manu- 
facturers cast the shell with one and some with two manholes. In short mills the manholes 
are frequently placed in the heads. Manholes are made large enough to allow for the 
introduction of liner plates. Power is saved by providing manholes on opposite sides of the 
mill. 

Heads are cast, of iron, semi-steel or steel, and heavily ribbed. Some manufacturers 
cast the trunnions integral with the heads, others cast heads and trunnions separately, the 
latter with a heavy flange, and after facing both head and trunnion accurately, bolt the 
two together. The assembled mill should be swung in a lathe and the trunnions turned 
true with the mill axis, then polished. Some manufacturers provide trunnions with steel 
sleeves pressed on before turning down, to protect the main casting from wear. This is 
probably an unnecessary refinement. 

Trunnion bearings are made very large and heavy. Some makers provide rigid bearings, 
other ball-and-socket type. It is probable that the latter give better service. The lower 
half of the bedrings is babbitted, the upper half is cored out to form a large pocket for 
lubricant. Some manufacturers furnish a tire-and-roller bearing instead of a trunnion 
at the discharge end. This type of bearing takes less power than the trunnion bearing when 
new, but it is difficult to maintain even wear on tires and rollers and, as a consequence, 
after a short time such a mill is likely to get out of alignment, then vibration and power 
consumption increase markedly. Renewal of tires and rollers is expensive and slow as 
compared with the renewal of babbitt in ordinary trunnion boxes, particularly as compared 
with the renewal of removable babbitt linings, where such are used. 


Lining, Shells are usually lined with replaceable metal plates bolted 
to the interior surface. The best design is one that allows easy replacement 
of individual sections. Liner materials are commonly hard iron or manganese 
or chrome steel. Hard iron is unsatisfactory because of breakage, when 
balls larger than 2-in. diameter are used. Cast manganese steel is widely 
used and has been particularly successful with heavy charges of large balls. 
Cheaper materials, having less strength and toughness than manganese steel 
are satisfactory with light loads and will probably be considerably cheaper. 
Manganese steel for linings must be very tough. It may be of satisfactory 
chemical composition, yet, through improper heat treatment, wear even more 
quickly than cast iron (122 P 466). 

Plates are made in a considerable variety of sections. Typical sections 
are those that give a smooth interior surface and those that give a ribbed 
surface with ribs parallel to the axis of the mill (see Fig. 1). The liners 
(A) and (B) (Fig. 1) consist of in- 
dividual plates bolted directly to 
the shell, while in (C) and (D), the 
plates are held in by wedge-shaped 
bars. The advantage of the latter 
construction is greater ease in draw- 
ing plates into place. 

END LINERS of the same metal 


\ x as the shell liners are used to pro- 
Waveliner CSmocthiner DWedge-ba,  tectthe heads. Liners are also used 

step liner for feed and discharge trunnions. 

Bia. ul -eeveral for ball. sos These Jatter may be made with 


smooth inner surfaces or may have 
a helical groove cast inside, the feed-trunnion liner having the groove directed 
to facilitate entrance of feed, while the discharge-trunnion liner has the grooves 
directed to return coarse material into the mill and to aid in feeding balls 
into the mill against the flow of discharging pulp. A grooved liner for the 
feed trunnion has the disadvantage that it limits capacity when a feeder of 
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excess capacity is used in the attempt to force large quantities through the 
mill. THICKNESS OF LINERS ranges from 2 in. in small mills to as much as 
5 in. in mills of large diameter. 


A special lining for a 4 X 10-ft. ball-tube mill at Liserty Beta (see Table 4) was made 
by cementing in alternate courses of 134 X 2 X 5 X 48-in. hard-chilled cast-iron bars 
and 444 X 5 X 814-in. quartzite blocks, set with the 414-in. dimension radial; no bolts 
were used. For one lining, 200 quartzite blocks, 42 ribs, 9 sacks of cement and 9 sacks 
of sand were required. Consumption was 0.65 lb. quartzite and 1.25 lb. iron per ton 
of new feed. 

Fig. 2 (122 P 465, 112 J 778) shows a lining made of steel rail, designed to pick up a 
ball layer in the same way that the El Oro lining picks up pebbles 
(see p. 427). Lining fora 6 X 5-ft. grate mill using 4-in. balls and 
crushing —1-in. material is composed of 50-lb. re-laying rails with 
Yin. bolts. A complete liner cost about $250 (1921), which was 
one-tenth the cost of a manganese-steel liner. It lasted 5 months on ; 
open-circuit work grinding to —%-in. The cost of balls lodged in Fre. 2.—Rail liner 
the liner must also be charged. A similar lining in a 5 X 6-ft. for ball mill. 
center-discharge re-grinding mill (—1%-in. to 95 per cent. — 100- 
mesh) lasts about 15 months using 2-in. balls. A white-iron plate lining in the same mill 

lasts about 5 months and costs twice as much. 

noon A ball mill at Catremu, Chile (123 P 884), was lined 
x10 Blocks with steel rails set in cement. The lining gave no 
Space |, trouble and wore well. 

e blacks 7, Liners are sometimes blocked out from the shell 
by wooden filling in order to reduce the internal 
diameter of the mill. Fig. 3 (403 J 111) shows the 
method employed at Nrvapa PacKArD in changing 
7 a6 X 5-ft. pebble mill into a ball mill. Twelve hours 
Fig. 3.—Method of reducing org mid to empty the pebble mill, change liners 
diameter of a cylinder mill and re-fill with balls. 


Ue Le: Balls are made of forged high-carbon or 
chrome steel or of cast iron or manganese steel. Wraight (30 IMM 208) 
gives the analyses in Table 2 for three different samples. Lawler (112 J 4) 


states that most balls 
are made of assorted 


a yt 
5 y 13 Bolts9% 


Table 2. Analyses of grinding balls. 


pesap. of unknown ecco Cast iron Cast iron Manganoid 
position with carbon 
content, varying from |\C,;......-...-. Uae ie Ne 

2 7 a eee 4 0.42 S70 : /0 
0.2 to 1 per cent when % bflema: sp Atrios 0.081% 0.034% 0.031% 
the proper limits are 0.6 | poo 0.031% | 0.067% | 0.098% 
to l per cent., that the (iS Nene eae 0.06% 0.03% 0.06% 
chrome in chrome-steel | Mn..........- 0.56% 0.89% 10.97% 
- ar ; Brin elle cored hacen 3.5 mm. 3.3 mm 4.1 mm. 
balls varies from nil to are ah ae oe br 
0.05 per cent. and that |’ j 


balis from most small ae hie 
forges will vary greatly from shipment to shipment. The usual sizes are 
from 2- to 6-in. diameter. Fairchild (116 J 197) ae that Bs the Pe 
é size, the weight per cubic foot with close packing 1s _ 

ois Tai aa ni 26 per oat voids. Davis (61 A 276) thinks 
nearly correct for calculating ball-mill loads. 
ge of a cement mill has 


lb., corresponding 
35 per cent. voids more orre 
Tillson (116 J 357) says that the void in the char 

44 per cent. ry 
eerie jake ree efficient ball load is probably all that a mill will hold 
which is normally about 55 per cent. of internal volume. ee ee s : 
full charge may be roughly estimated from equation W = 80 D me in iy ae 
W = weight in lb., D = nominal: diameter and L = length, both a ee : 
In many mills, however, the ball load is carried as much as 8 to 10 in. below 
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the axis of the mill. It is usual to have a charge of mixed sizes, the maximum 
size depending upon the maximum size of feed. Table 3 shows common 
practice as to maximum size and 

Table 3. Proportions of balls of various sizes in proportion of various sizes of balls 
Bey Daeionclors (ine Maren chen) with different sizes of feed. The 

use of as small balls as will crush 
the largest rock is often recom- 


Percentage of total load 


Diameter mended, but Young (58 A 126) 
Cece Coarse feed, Fine feed, found the best efficiency for 5-in. 
I-in. to 3-in. | /g-in. to 72-10.) balls atallfeed sizes. Balls added 

poemnes maxumum _| to compensate for wear are gen- 

SU, aad We atagakys te 10 erally of the largest size only. 

3 10 20 The weight added is usually a fixed 
3% F a amount daily, determined by aver- 

5 A malaeea ee Aetieaeee age consumption and tonnage 


treated. A better method of regu- 
lation is to determine the ammeter 
reading corresponding to maximum grinding efficiency and then to load 
balls as needed to maintain this reading. When maintaining the ball load 
near the mill axis, a drop in the ammeter reading following the addition of 
balls usually corresponds to an overload. For ball wear see p. 384. For other 
shapes than spheres see p. 400. 


Feeders are of three general types, known respectively as one-way scoop, three-way 
scoop, and drum. Occasionally a two-way scoop is used. ONr-way scoop (Fig. 4) con- 
sists of a single spiral with open end and central side 
opening for delivery into the feed trunnion. Extreme 
radii of spirals are 15, 24, 27, 30, 36, 42, and 48 in., depend- 
ing on size of mill, size and tonnage of feed, and amount 
of elevation desired. The cross-section of the spiral pas- 
sage is rectangular, and should be sufficiently large to pass 
freely the largest ball that is used in the mill. A steel-plate 
scoop was used at Miami Copper Co. A THREE-WAY SCOOP 
contains three spirals of but one-third turn each and is Fic. 4.—One-way scoop 
designed to give greater capacity than a single scoop (but feeder. 
see Hines below). It is not made of as great radius as 
the larger single scoops. Both types revolve with the mill in a rectangular feed box from 
which they pick up a certain portion of material at each revolution. Spiral feeders serve 
the useful purpose of elevating feed as well as introducing it into the mill and therefore 
make possible a lower feed-delivery point. This is of distinct advantage when mills are 
run in closed circuit with mechanical classifiers. If feed is brought into the feed box on 
the up-coming side in the plane of revolution, the capacity of the feeder is considerably 
greater than when feed enters at right angles to this plane. . 

DRUM FEEDER consists of a cylindro-conical receptable, open at both ends, with inside 
helix to transfer material from the feed side into the mill trunnion. It is superior to the 
scoop types for coarse feeds because it is more posi- 
tive and less subject to breakage, but it requires to 
be fed at ahigher elevation. The combination drum- 
and-scoop feeder (Fig. 5) is used when the original 
feed to the mill is coarse and can be delivered at the 
height of the mill axis and when sand oversize is 
delivered from a mechanical classifier. With this 
feeder, the usual box is made for receipt of classifier 
sand and from this sand is picked up by the scoop 
: while coarse original feed is discharged directly into 

Fra. 5.—Combination feeder. the drum. 
; Hines (59 A 249) reports a series of tests on 
scoop feeders from which the following conclusions were drawn: (1) The capacity of a 
spiral feeder is proportional to the length of the spiral. (2) The capacity of a single- 
scoop feeder is twice to four times as great as that of a double-seoop, according to the 
form of the latter. (3) The capacity of a 3-way scoop is about half that of the single 
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scoop. (4) With coarse feeds the capacity of the scoop is limited by the trunnion and 
trunnion capacity is less with a spiral liner than with a smooth liner flaring into the mill 
For largest tonnages of coarse material the trunnion must be short and of large diameter. 

At ASTURIANA pe Mrnas (115 J 399) the capacity of a ball mill taking —1.5-in. feed 
was limited by the feeder to 175 tons per 24 hr. The smallest section of the spiral was 
54% X 6-in. and the opening into the mill trunnion was 7-in. diameter. Capacity was 
increased to 200 tons by making the thimble between the scoop and the trunnion cylindrical 
instead of conical and then increasing the diameter of the central discharge opening from 
the feeder to 9 in. and placing a helix of 10-in. pitch through the feed trunnion. 

Feeders are made either of cast iron or cast steel or built up of steel plate. It is well to 
provide for bolting either side to the trunnion, thus making the feeder reversible, a cover 
plate being provided for the outside. This is, of course, impossible with the Arua and 
combination feeders. Replaceable lips of hard cast iron or manganese steel are usually 
provided for scoop feeders and in some cases liners for the spiral are also used. The 
great advantage in the use of the combination feeder lies in the fact that coarse material is 
kept out of the feed box. This prevents jamming of large particles between the moving 
scoop and the sides and bottom of the box with consequent racking of the box and strain 
on feeder and bolts. 

Fig. 6 shows a special form of elbow feeder for ball mills. A screw feeder is sometimes 
used for soft, dry feed; at the T. P. Keuury anv Co. 
graphite plant (114 J 825) scoop feeders failed while this 45° Y standard 
type was successful. pipe fitting 

Feed box is required for scoop feeders. It consists of 
a rectangular box built around the scoop, fitted closely 
around the thimble between the feed trunnion and scoop > 
proper, with clearance all around the scoop greater than 
the largest lump of ore or the largest ball (or pebble) 
fed. Feed is introduced through suitable openings. The 
top should be protected with a grating. 

Discharge trunnion is normally of slightly greater diam- HN 
eter than the feed trunnion in order to induce flow of (>in, nozzle with water 
feed through the mill. The end of the trunnion is fitted under 80-/b pressure 


Ore from conveyor 
and 6-in. balls as 
needed 


with a bell-shaped lip with, in some cases, drip rings to 8-in. pipe 

prevent sand from working back into the bearing. As entering trunnion 

previously noted, the trunnion liner may have a reverse 

helix cast on the inner surface. Fic. 6.—Sketch of ball-mill 
Drive. The smallest mills may be driven directly by feeder at Hollinger. 


belt to a pulley mounted on the shell. This is cheap but 

most unsatisfactory, as the belt is likely to slip badly, especially at starting. All other 
mills have a gear mounted on the mill shell driven by a pinion on a countershaft at 
about the level of the mill axis. The cheapest drive, from the standpoint of first cost, 
is one with a machine-molded cast-iron spur gear on the mill, cast-steel cut pinion, 
and pulley-driven countershaft. A cast-steel cut gear is mechanically better but more 
expensive. Gears are reversible so that two wears can be taken on the teeth. A long- 
center horizontal belt is best from mechanical considerations, but takes up a lot of floor 
space. This difficulty may be obviated by using some form of short-belt drive with tighten- 
ing pulley, such as the Lenix. With this drive the motor may be placed in any position 
with respect to the driven pulley, but on account of splash is best not placed below the 
mill axis. On account of the heavy starting load, clutches must be used with belt drives 
unless the belt and motor are greatly oversize. Any standard friction clutch is satisfactory, 
but it should be comfortab y oversize (50 to 100 per cent.) to withstand excessive starting 
strains and be well protected against grit. One form has the pulley mounted on a quill 
with a friction clutch. This makes for easier alignment than the ordinary friction-clutch 
pulley. Rarely a bevel gear is used in place of a spur gear on the mill but end thrust on 
the pinion shaft causes difficulty. Silent-chain drive of the mill countershaft has the same 
advantage as the short b-lt and no slip at starting, but is more expensive. No clutch is 
required for the drive itse’, but one must be used in licu of an oversize motor. Gear 
sets in various combinations are frequently used. The cheapest has the usual spur gear 
on the mill and a large gear on the mill countershaft, driven, through a flexible coupling, 
by a pinion on .he motor. A more compact but somewhat more expensive arrangement 
uses a standard gear-speed reducer on the motor, attached through a flexible coupling to 
the mill countershaft. The gears in the speed reducer are enclosed, run in a bath of oil, 
and are more efficient and longer-lived than the open gear set first described. Both permit 
the use of high-speed motors. The most expensive but most efficient drive is a herringbone 
gear on the mill with a slow-speed motor direct-connected to the pinion shaft through a 
flexible coupling, ordinarily of the pin-and-bushing type. Speed reduction can be as 
great as 20 to 1, so that the motor speed required is from 300 to 600 r.p.m., according to 
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the diameter of the mill. This drive showed 10 to 15 per cent. saving in power over ordinary 
belt-driven countershaft and spur gears on conical mills at CaLumer anp Hecna (109 P 
759). : Ww ormser (114 J 763) says that the opinion is commonly expressed at mills that he 
has visited that herringbone gears easily make up for the added cost in increased smooth- 
ness of operation. Dirt must be carefully excluded. A difficulty with direct connection 
is the end surge of the mill consequent upon the clearance that must be left between trunnion 
shoulders and mill bearings to compensate for expansion with temperature rise. 

The pinion shaft is made of wrought iron or mild steel, of large diameter, set in long 
bearings with special provision made for aligning the countershaft with the mill axis. With 
herringbone gears some manufacturers attach the pinion-shaft bearings rigidly to the sole 
plate of the trunnio bearings, and attain alignment of mill and pinion shafts by moving 
the trunnion bearings on he sole plates. 

Motors must be of a type that will stand heavy continuous duty at constant speed 
under constant load and must have large starting torque, ranging fr m 150 per cent. of full- 
load torque for long tube mils to 200 per cent. for short bal mills and rod mills. Wound- 
rotor motors are substantially necessary for large mills. Squirrel-cage motors designed 
for especially high starting torque may be sed for smaller mills. When clutches are used 
load conditions are ideal for synchronous motors. (See also Sec. 23, Art. 7.) 

Individual drive is usual and, except in the case of a number of small mills, undoubtedly 
best from all points of view except economy in first cost. Group drive is more complicated 
and subject to mechanical difficulties, causes greater loss in plant capacity when out of 
repair, is more dangerous and more obstructive of headroom and floor space. 

Performance of center-discharge ball mills is given in Tables 4 and 4a. 
Capacity ranges from 45 to 50 tons per 24 hr. in open circuit, reducing very 

hard ore from —1.5-in. to pass 10-mesh, to 900 tons per 24 hr. crushing soft 
ore from —9-mm. to —3-mm. Power consumption varies from 4.4 hp. per 
ton of balls ina 4 X 10-ft. mill to 18.9 hp. per ton in an 8 X 6-ft. mill; average 
for mills of typical shape (p. 345) is 13.2 hp. Tons crushed per horsepower- 
hour ranges from 0.162 to 0.276 in open-circuit crushing making 4- to 8-mesh 


product and is from 0.05 to 0.06 when making 10- to 20-mesh product. 


2. Peripheral-discharge mills (Grate mills) 


Cylindrical ball mill with peripheral discharge has a perforated diaphragm 
mounted near the discharge end and a pulp elevator located between the 
diaphragm and the discharge head. The original purpose of the grate was 
to hold back oversize material until ground to a size predetermined by the 
| grate apertures, but this was quickly found to be impracticable and the func- 
tion of the grate as now used is to confine the ball charge and to form a part 
of a quick-discharge device. In the type shown in Fig. 7 the discharge dia- 
phragm (a) carrying gratings (b) 
is held against the discharge-end 
head by means of bolts (f). The 
diaphragm is protected by plates 
(g) and grating bars (b). The 
plates (g) are held by bolts (e) 
{through the head and the grate 
bars are held in place by wedge 
locks (c) which are in turn drawn 
p by bolts (d). The diaphragm 
carries a central discharge pipe Hi 
\(h), projecting through the center GB f 
fof the trunnion, which actsasan 9 


Wy Mel 
yy 
bmergency overflow. If no such SS 


provision is made, an overloaded Fic. 7.—Grate discharge for Allis-Chalmers 
ll will discharge back through ball mill, 


jhe feed trunnion and may re- 
jjuire as much as two hours to work back to normal, Ribs (k) are cast 
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Table 5. Performance of peripheral- 
Plant Elko Prince D-E Catemu V 
Size, diameter X length, ft..........-.....-- 4xX3% 4x4 5x4 
Speed, ip.m.c tassels Gayeme iat eer eee Bi 32 32.5 25 
Wong new Leed pens 4) Ut. eis telersieieieem ses 6 dike 50-60 50 Ww 
Mons: totah feednpers24nts.. ejagda-acice- Ge Seyeeltal- ees ea ene ete ene oe 250 
Method of closing circuit...........62.0056. Open Open DC 
Installed horsepO wer sc fee a.s ates eter o gibate <osy ete ||. 5 a eeeeete Nae tetree QOatritoa BEMIS. oes 
(Actual horsepower. wei. calaciesepe SEERn tal Boca Gites. H.a6 Bat A 50e 
Horsepower per ton of ball charge........... 201 Ovedt jeGek We. Ree 17.9 
Tons new feed crushed per hotsepower-hour.. . 0.10 OLL0E ol 1, Sens, Ree 
Moisture in mill, per.cent:.)...¢ .. atlies <tal-& 40 50 »¢ 
Size of feed (@).. 1.2.2. seen eee ee ence eens — 2-in 10 —1.5-in 
Sizer of=products(a)yp. .2e-bae)-teals roe)» amet 1 10 Ww 
Attendance) machines, peRsmMan sy -ps $e ayes sail ste SERS eek. LIne leet SPE IaR etete ets ers 
Lostutime, perm. cents ayackocysan ts -deem deer at 536 iqooals Wet. Me aI, UA Riss ees 
Principal causes of lost time. ........+.....- Reclining 3 if) Joweadaanieys. Tas, ee 
Lubricant, kind/pounds per shift............ Goncinn: fle eterna (OO SS 
WMeed er wiv ae awit iiss oe Gnas erste oss ecckere cocctiepatcns Drum Comb. Comb. 
Peeders material ste. teeta tae eats e nee CS Tol overran ce [in oe ee 
Beederwlitesrdays tice chet. deveieke ld aha: cteweromye DOO? OT AR Le Scan te Teo asia 
banets, Ay DGece «seeder dicate doe a tte Ship-lap Step Ship-lap 
Tess DALERAlae. | m ojcvete ees res RLS hten cece aa Mn Cr Mn 
Tbmmers Mies Cla yar Stee ace eo cotke easter erases ets oes POZO we ill cvecstsnass soe) 0754 meas Skee aces aaa 
Liners, consumption, pound per ton......... (Oto Leo tl [raed ier aie A 0.65 
Time, forpre-lininey rife. sens. > &s ehie- hae Ba 0b! Bee. MENA ET. Wo Se ae 
Number of men for re-lining................ 3cC O ob SAL eel ea eee 
GeAles tye ie ra ects sakes eo epee ow sy olen Brees is el< | ate Goth = Alorc hah lw chs se oe th a 
Gratesmimaterialsncreits cee oak aera tote cereus a ance alittle: PPM HEE EA. 
Grates OPED LIN ieee leer cous eyecare sees Sh Pear (Re ses ey tected eee ey Eke Sc 
Grates, life, days.) (SA. 2hat). Seat Sa FO peieat| | te ahs ee 
Grates) consumption, pounds per FON. oye. se os.) atentice. cas eheptilis Peeps eS eerd Belial oars 
Balinternvcerislerers enc’. ts kone, Saree ohana tc ee ae (Gp Cr Cr 
Balls, new charge, total pounds............. 2000 2500 5600 
Balls, size, inches @ weight, lb.............. 5 3 2-4 
Balls, size, inches @ weight, lb.............. 4 Awesre'y' Gago ae 
Balisveize, anches (Wels nbs yess ccie sists satel] sings eeacbeces Gs Ceram ING oes. 
Balklsiisizes inches @ 4yereithib.: Oks OF SO) VA Ee heel) eb! at! ge ted Sea ee 
Balls, added to compensate wear, in.......... Sr Doel Wow Ae Ses Gi oe-aies 
Balls, method of determining addition........ G  dnlvahanersedasl holon 
Balls, consumption, pounds per ton.......... dea. 9 bee toners 2 ad 1.43 
a Italic numerals refer to column numbers in Table 5a. aa 109 J 845. Ore very 


soft, slimes easily. 


40a, Sec. 6); 82 per cent. —200-mesh (59 A 554). 
amount added daily as calculated from tonnage and wear per ton. 
flow, 0.2 per cent. on 48-mesh, 50 per cent. —200-mesh. 
c No liners. 


on 20-mesh, 35 per cent. —200-mesh. 
e Estimated. /f No regular attendant. 


ab Classifier overflow all passes 65-mesh (See Column 63, Table 
ac With manganese-steel lip. 


ad Fixed 


ae Classifier over- 
6 Classifier overflow, 2.8 per cent. 
d Fixed weight added each day. 


g This is a 6 X 6-ft. tube mill lagged down 
with wood to 5 ft. in order to take balls. See Fig. 3. Ah Replaceable lip. Life of lip, 
300 days. j Life of lip, 8 to 10 days. k Scoop lip of manganese steel. J Includes scrap. 
m Variations in amount of fines in mill feed cause range from 72 to 264 tons per 24 hr. 
new feed. n Interior diameter of shell 7 ft. Liners set in 6 in. and backed by concrete. 
o Changing grates and inspection. p Mills stopped every Monday morning to inspect 
ball load. Surface is measured and charted and subsequent ball addition made accord- 
ingly. gq About 21 hp. consumed by resistance coils used to lower speed. 1 Classifier 
overflow all —35-mesh, 35 to 40 per cent. —200-mesh. ft High-carbon forged steel, 
3.2 Ib. per ton; chrome steel, 1.9 lb. per ton; based on new feed. u Balls added as 
required to keep ammeter reading constant. vu Loose bolts and re-lining. w Shell, 
0.27 Ib. per ton; end, 0.06 lb. per ton; total 0.33 lb. x Overload on return circuit. y 
450 tons when taking coarse product from classifier. See note c, Table 5a. z Solid 
cast-iron scoops with no liners failed when half worn, in from 70 to 90 days. Sec- 
tional cast-iron scoops with hard-iron liners were in first-class condition after running 
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Sistearetinga? | WI Cr Cr Cr Mn Mn 
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PR ie ie le eevee ere ere cia POETS oA otenc oo chore Sewanee 316 RE OP 
niGioicieteicnaiens 400 Say Ante. | Ree: CROC renee 330 ees ae 190 
Aig ten eae wi FS FS Cr FS Cr 
SOOO 2 ar oe 10,000 8000 8000 12,000 9000 
oS Once 3 14% 1% 2 fi ey 
sic oR ees RATER bee ree eae 14 2 eae Oe 4 Mestake weve teehee 
Deere ROME aya] onde x ekeys athe Nel ee olene ec WUE, Lae ond ete gersanehs,| f-oudys Bohs epee 3 Ro att 
inckins a ieee 3 ci (eens ae hee, Aa 2 Oe ct atte eee 5 
Gane. Gree d TD CR RNS ee ad Se cyt is Eee Red d 
Senora’ OOS 1.25 3.8 P| 3.2 0.13 0.91 


50 days. A Consumption of 4-in. and 3-in. manganoid balls with 5-in. chrome-steel balls, 
in original charge, was excessive. B Classifier overflow, 0.7 on 48-mesh, 75 per cent. 
—200-mesh. C Classifier overflow, 1 per cent. on 28-mesh, 45 per cent. —200-mesh. 
CI Cast iron. Cr Chrome steel. CS Cast steel. D Hard quartz. DC Dorr clas- 
sifier. EE Allis-Chalmers catalog. F Quartz and calcite. FS Forged stecl. G Silicious 
quartz-porphyry, very hard. Gr Grease. H Calcite and quartz with some andesite. 
I Dolomite. J Circuit closed with elevator and screen. Gold quartz ore. L Chalco- 
pyrite in alaskite porphyry. M Marcy-mill catalog. Mang., Manganoid. Mn Man- 
ganese steel. N Hardinge Co. Compare 6-ft. X 22-in. conical ball mill at the same plant 
(Table 11). Ore exceptionally hard and tough (104 J 71). O, Oil. O’ Marcy, (16 CME 
344). P Bul. CMI, Mar., 1922. Q End liners made 34 in. thick at place of greatest wear. 
Weight of a complete set of liners, 20,000 Ib. R 3% X 115i6-in. slots. Slotted area 24 in. 
diameter. S Except for oversize of a conical screen with 3 X %%-in. openings attached 
to discharge end. Weight of returned material, 7 to 8 tons per 24 hr. SS Spiral scoop. 
T See Fig. 6. U, 57 A 436. V, 123 P 888. W 50 tons per day to 2 to 5 per cent. +100- 
mesh with soft ores and 2 per cent. + 48-mesh with hard ores. With —2-in. feed, the 
capacity on hard ores dropped to 42 tons. Capacity was a maximum with mill discharg- 
ing at the periphery. WJ White iron. X With 35 to 45 per cent. moisture the mill 
discharged at periphery (see note W). With 20 to 25 per cent. it could be made to dis- 
charge through central pipe. Y, 99 J 693. 
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Shattuck Belmont 

oat Arizona Surf Inlet Fall 
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Mons-totalsteedsver 24 DEI... csuse wise atiere ees 600 SOO + - Seales see 
Method of closing® Circultfah cece 2 2 he ye DC DC DC 
Installed horsepower.......... See ee Bes Mee 80 TOO eS = < te 5 eee 
INCGUANOLSep OW CUcmns. ect cs. «carina is 8h «Single 75 90 90 
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on the back of the diaphragm and serve as lifters to. elevate pulp dis- 
charged through the diaphragm to such a height that it can flow out 
through the trunnion. ‘The level of pulp at the discharge end of the 
mill is determined by the distance of openings (J) from the periphery 
of the mill. If all openings are free, the pulp level at the discharge end of 
the mill will be relatively low and the rate of flow of pulp through the mill 
will be a maximum for a given feed rate and moisture content. If it is desired 
to slow down the rate of flow, with consequent finer grinding at one passage, 
plugs are introduced into the outer ring of openings (1), working through 
hand-holes (m), or the pulp density in the mill is increased. In another type 
of grate mill variation in rate of discharge is got by adjusting the width of 
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radial lifting bars attached to the discharge-end head (Chalmers and Williams, 


adjustable quick-discharge ball mill). 


In yet other mills the rate of dis- 


charge is varied by varying the space between grate bars (Marcy). 
The discharge grating is made of cast iron or cast steel, liner plates are 
normally made of manganese steel and grate bars of high-carbon or chrome 


steel. 


Grate bars may be rectangular in cross-section, or slightly wedge- 


shaped. Wedge-shaped bars are set with the greatest width toward the head 


end of the 


mill. 


There is less danger of clogging with wedge-shaped bars; 


on the other hand, the width of opening between bars increases as bars wear. 
Tangential setting of bars is favored by some manufacturers as giving freer 
discharge than radial setting. With this setting the pulp level may be varied 
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by replacing wedge-shaped 


Fig. 8.—Fairchild double ball-mill. 


bars near the periphery by rectangular bars, 


thus slowing down pulp egress. Ordi- 
nary spacing of bars is from 39 in. 
to 14 in, or, in rare cases, more; 
depth is made 3 to 3% in. 

Fairchild mill (Fig. 8) is a recent 
form of grate ball mill which aims, 
by central feed and double discharge 
to increase the tons ground per horse- 
power-hour by eliminating over-grind- 
ing. The feeder is of the double- 
spiral drum type and the grate and 
discharge show no variation in princi- 
ple from standard forms. 


Performances of grate mills at a number of plants are given in Tables 5 


and 5a. 
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At ArrprtTHouGHT CoppER Co. (119 P 154) a 6 KX 41%-ft. Marcy mill grinds 150 tons 


per 24 hr. from 6 per cent. on 10-mesh with 20 per cent. — 200-mesh to 5 per cent. on 60-mesh 
with 67 per cent. —200-mesh. Moisture, 25.4 per cent. Sand return is 803 tons. At 
TrRosAN plant (114 J 763) a 6 X 6-ft. mill with 5-in. balls grinds 400 tons per 24 hr. from 
— 2-in. to 3 or 4 per cent. on 10-mesh. 
Capacity, according to the figures from practice given in Table 5, ranges 
from 50 tons per 24 hr. in a 4 X 4-ft. mill grinding in open circuit from —2- 
or —3-in. to 8- or 10-mesh to 800 to 850 tons in an 8 X 6-ft. mill grinding 
in open circuit from 1-in. to 10-mesh. At INsprraTion a 9 X 6-ft. mill grinds 
25 tons per 24 hr. from 214- or 3-in. to 48-mesh. Power consumption is from 
7.2 hp. per ton of ball load in a7 X 10-ft. mill to 20 hp. ina 6 X 414-ft. mill 
and averages 12.9 hp. per ton. Tons per horsepower-hour ranges from 0.063 
to 0.300, crushing to table or tube-mill feed, the average of 14 mills is 0.147; 
crushing to flotation size the range is from 0. 047 to 0.111 and the average of 
6 mills, 0.080. 


Manufacturers of cylindrical ball mills. Abbé Engineering Co., Allis-Chalmers Mfg. 
Co., Chalmers and Williams, Denver Eng. Works Co., Mine and Smelter Supply Co., 
Power and Mining Machinery Co., Traylor Engineering Manufacturing Co. 
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3. Grate mills vs. center-discharge mills 


Grate mills consume more power, with a given ball load than simple trun- 
nion-discharge mills, and steel consumption and repair costs per mill are 
also higher, but on most ores the capacity is sufficiently greater to more than 
counterbalance the higher operating cost. As a result the majority of cylin- 
‘drical ball mills at the present time are grate mills. Tellam (106 J 583) 
states, on the other hand, that at SmuacLer Union Minune Co. the capacity 
of a grate mill from 4- to 60-mesh was 3.03 tons per 24 hr. per hp. consumed 
against 4.67 tons in a center-discharge mill. Consumption of cast-iron balls 
in the grate mill was 2.5 lb. per ton and in the center-discharge mill 2 lb. As 
a result the grate was removed and the mill operated as a center-discharge 
mill. A similar conclusion was reached from a different point of attack at 
Sr. Josepu Leap Co. (66 A 108). Here the end sought was maximum produc- 
tion of —10-mesh material with minimum production of —150-mesh slime. 
Experiments showed that the desired condition corresponded to the maximum 
tonnage that could be forced through the mill, the circuit being closed on a 
2-mm. screen. With a 6 X 4-ft. grate mill the feed rate was limited to 440 
tons of —9+2-mm. feed, producing 340 tons —10-mesh material per day, 
by the fact that with more than 25 per cent. of +10-mesh material in the 
discharge the mill choked. The same mill without grate took 600 tons per 
day total solid and produced 390 tons of —10-mesh material. Del Mar 
(106 J 14) presents the data in Table 6 to show the effect of grate and lifters 


Table 6. Comparison of products of a 4 X 4-ft. ball mill with and without quick 
discharge. (After Del Mar) 


Weight, per cent. 
Screen, 
Tyler mesh 
A B (E D E F 
4 2 eget eee oil Masai ts CERREA eS mere eerie onl | sueechG iceceRti | oun waccaeh a ar ocr Sat Rt oe 
6 pie Lame ee Aor ae Weep Seen ite: Mes Mietode ruc ige dis sear Curonce id eases 
8 (Sn, Got acl Ree Be, ese e talc, obs cect 2 Tear i orate Peaches PA rege SAMO Pa 
10 COMI ce Rae rascals Reece Its sate eeteke.c'llecacd scrote aka’ [le shot rbayaireelans 
14 iteg a oN ne rai coe D aiksh 2 eee eam aN | ee ae ea VE. ae Dh ey ie See 
20 Le Mame me ee) Re ME Eee atte |e ca eRe ee cel eaten sce o-e | lnneos meee eer 
28 BeFry givee Gadd. fb ee? Piety rol MIR ee. anh do tps pennants «Paya 
35 ite 6.5 oem eee 1 tie Cit S| Sty Cenc artes oh (aaa een Cee 
48 8.3 28.5 Leg Oe a We cura eras sat 1 
65 6.2 Zan0 eG) AO lel | pre doe dsee Pe “i 
100 aDS7 W775 13.8 31.5 6.9 25 
150 14.1 13.5 45.0 34.0 24.8 25 
200 4.6 3.5 17.4 12.0 8.3 17 
— 200 9.7 eel) 18.5 18.0 60.0 25 


A Quick discharge with lifters set at maximum. B Grate and lifters removed. C Grate 
in, one lifter operating, other 3 out. D Grate in, all four lifters out. & Classifier overflow, 
mill operating with quick discharge. F Classifier overflow, mill with grate and lifters 
removed. 


on the character of the mill product. He states that the maximum capacity 
of the mill with quick-discharge mechanism was 56 tons per day, while it 
ran up to 88 tons as a center-discharge mill. He attributes the difference 
to the large circulating load in the grate mill (see Test A) and to under-work 
near the discharge end due to low pulp level. His conclusions are not wholly 
convincing, due to lack of data concerning other operating conditions. 
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Differential grinding. It is frequently claimed that in closed-circuit 
grinding the sulphide mineral, being more friable than the gangue, is slimed 
more than the gangue and, further, that the center-discharge mill is a worse 
offender in this regard than the grate mill. Neither of these contentions is 
borne out by the available data. In Table 7 it is seen that in the tube-mill 


Table 7. Effect of tube milling and classification on distribution of sulphides, 
MelIntyre-Porcupine mill (20 CMI 100) 


Conical ball mill discharge Tube-mill feed 
Screen mesh 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
weight FeS2 total FeSe weight FeS2 total FeS2 
+20 10.0 ld 6.3 7.0 16.0 6.3 
40 Dorie 8.5 17.8 12:8 14.0 10.0 
60 13.0 AO bers) 13.5 14.3 11.0 8.9 
80 4.3 12.0 4.6 9.6 ETO, 6.0 
100 9.0 14.0 11.4 21.4 15.0 12.4 
200 6.7 13.0 cS) 20 42 27 20 30.7 
— 200 33.8 125 38.5 14.7 24.0 25.20 
EI BETS) ek dail Va hear iar DL SO | Sek ce ee lee te eee LIS Oe 
Tube-mill discharge Final pulp, classifier overflow 
Screen mesh 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
weight FeSo total FeSe weight FeS: total FeS2 
aT ON MR {|S eee eee eater tn be OM AL hc ne eee, Worms notte 
40 2.4 13.0 Oe cre age aire aes cette; cle ae ae men ce 
60 12.1 14.0 WUD o glicariacust eset -allsye's caboose: oe 
80 7.2 13.0 Lie ilies eicanvers Onrcee tacit Ree Peewee | 
100 TSi2 15.0 18.0 7.4 8.0 5.5 
200 20.4 19.0 25.6 11.3 9.0 9.4 
— 200 39.7 14.0 Sted 81.3 102 85.1 
Totall, Memes tees <e ges 6 iin eens irks bal | eet ee LO. hea eee 


feed, considering the —200-inesh material, 14.7 per cent. of the total solid 
contains 25.7 per cent. of the total sulphide, while in the classifier overflow 
81.3 per cent. of the total solid carries only 85.1 per cent. of the total sulphide, 
a distinct impoverishment of the slime, relative to the coarser grades, in the 
process of grinding and classifying. Comparing the results in Tables 8 and 9, 
and considering —200-mesh material, the first shows 0.87 per cent. of the total 
lead in 0.2 per cent. of the total solid in the mill feed, while in the product 
23.8 per cent. of the total solid contains only 44.97 per cent. of the total lead. 
Considering the oversize and undersize on 100-mesh, the former assays 6.03 
per cent. Pb and the latter 11.8 per cent. in the feed; the former 4.52 per cent. 
and the latter 13.6 per cent. in the product. Here there is undoubtedly some 
concentration, indicating differential grinding. Taking the ratios of the 
assays as a measure of the concentration, the ratio of assays of fine to coarse 
in the feed is 1.96, and in the product, 3.01. The ratio of these ratios is, then, 
an index of the differential grinding in this center-discharge mill, and is 1.53. 
Similar analysis of Table 9 shows that the —150-mesh material in the feed to 
the grate mill comprises 1 per cent. of the total weight and contains 3.1 per 
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cent. of the total lead while in the product it comprises 17.7 per cent. of the 
total and contains 37.7 per cent. of the total lead. The oversize of the 65-mesh 
screen in the feed assays 0.98 per cent. Pb and the undersize 2.33 per cent.; 
in the product, oversize assays 0.61 per cent. and the undersize 2.12 per cent. 


Table 8. Concentration of sulphide in different sizes in the product of a center- 
discharge ball mill 


Feed Product 
Resoens kan Weight, | Assay, | Tons Pb |Per cent. Weight Assay, | Tons Pb | Per cent. 
percent. | percent.| per 100 | of total per wont: percent.| per 100 | of total 
Pb tons feed| lead 4 Pb tons feed| lead 
6.68 2.6 5.7 0.147 eS | 1 eee tee se kel) Be de ee 
4.70 11.8 Sit 0.601 9.87 0.7 0.56 0.004 0.05 
3.33 20.4 5.0 1.019 16.72 2.1 1.09 0.023 0.30 
2.36 22.0 2.9 0.638 10.47 2.9 0.88 0.025 0.33 
1.65 14.1 3.5 0.493 8.10 4.5 1.30 0.058 0.76 
ta Wg 11.9 6.8 0.809 | 13.27 6.6 1.44 0.095 1.24 
0.83 4.8 12.6 0.405 6.65 6.5 2.70 0.175 2.28 
0.59 3.5 18.6 0.651 10.68 8.5 3.20 0.272 3.54 
0.42 2.6 18.0 0.468 7.68 8.4 5.30 0.445 5.79 
0.30 Qe 18,0 0.396 6.50 S.5 6.00 0.510 6.64 
0221 1.5 14.0 0.210 3.45 6.7 CMO 0.516 6.72 
0.15 1.6 8.6 0.138 2.20 9.0 8.70 0.783 10.19 
0.10 0.7 7.8 0.055 0.90 | 7.3 10.60 0.773 10.06 
0.07 0.1 10.4 0.010 0.16 4.5 12.20 0.548 HS 
—0.07 0.2 26.4 0.053 0.87 23.8 14.50 3.455 44.97 
} 


Table 9. Concentration of sulphide in different sizes in product of a grate ball mill 


Feed | Product 
Screen aperture 1 | ati 
Weight, Relative Per cent. of} Weight, Re pee Per cent. of 
per cent. edna Pb total Pb | per cent. Leb total Pb 
See PASE 0.98 2G23 sestectibaie Walicy ocae | rei oieetit 
DeTEUY Ss o's. sveiene 41.3 1208 ZU hell baie. Comta RR Nee Painter 9°, Pee Jocseass eee 
BRE RANIN Ss |, cide. Sota 14.1 1A £7, 16.5 20.1 fe On20r an yA 
2-mm.. aor! 7.8 0.44 3.4 9.1 0.40 | 3.6 
LENS Cae 4.4 1- 0.34 1-55. 21.9 0.46 10.0 
US. «hapa mice eR tE eae eer eral oe eee Pe 8.4 0.81. | 6.8 
Sym. kA MIS | 2.0 0.75 1:5 See, 0.97 tiga 
Ft oe cen et sehen. cc RIS. kien 5.2 1.48 7.7 
Os 3s Siete bes 0.9 1.33 i ee 4.0 1.70 6.8 
OEY SESE eae ae eee eareenan rea! Cale aS a BS 3.9 1.97 TG 
OO cate sreS vad bed « 0.8 1.50 1.2 4.0 2.25 9.0 
PLD, wy petal, De 3) Re a ee Seer cere 3.0 2.03 6.1 
Through last 
BELEEH Ss. 1.0 3.10 ek 14.7 2.1 31.6 


Differential grinding is indicated here likewise. Applying the same measure 
as before, the ratio of assays in the feed is 2.38, in the product 3.48 and the 
mill index 1.46. ‘Hence there is no substantial difference in the relative 
action of the two mills toward gangue and friable sulphide, 
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Sec. 4, 


4. Conical ball mill 


One form is shown in Fig. 9. The principal structural difference between 
this and the center-discharge cylindrical mill is in the shape of the shell. 


Standard sizes are given in Table 10. 


Fig. 9.—Hardinge conical ball mill. 


This mill was developed from the 
conception that as the size of the 
material in the mill diminishes to- 
ward the discharge end, the crush- 
ing forces should likewise be dimin- 
ished, and that the eylindro-conical 
shell would effect such diminution, 
both by causing a graduated size 
classification of the grinding media 
with the largest in the section of 
greatest diameter, and by graduated 
variation in the length and charac- 
ter of drop of the balls from para- 


bolic fall of maximum length at the section of greatest diameter to cascade 


(roll) of minimum length near the 


discharge trunnion. Size segregation 


of the crushing bodies is not sharp, but there is distinct concentration of 


the larger sizes at the longest diam- 
eter and vice versa, as is shown by 
Fig. 10 and also by the fact (124 P 
209) that in changing from a 2-in. to 
a 4-in. ball load, charging 8 tons of 
4-in. balls forced out an equal ton- 
nage of the smallest sizes. Another 
and, possibly, more important effect 
of the discharge-end cone is the aid 
that it affords to egress of ground 
material. Mills are usually lined 
in such a way that the inner surface 
of the cone is ribbed parallel to the 
mill axis. While the ribs are rising 
below the pulp level they act as 
lifters for the pulp and when in a 
position a short distance above the 
mill axis they form the lower sides 
of troughs directed toward the dis- 
charge trunnion, down which the 
lifted pulp flows. This quick-dis- 
charge effect is somewhat preferen- 
tial and makes for rapid discharge 
of finished material from the mill, 
thus increasing capacity. 


Construction. 


5" Balls Total weight, 1267.8 kg. 


SZ 


#’ Balls Total weight. 713.7 Kg. 


V/A 


3" Balls Total weight, 368.2 Kg. 


ay Sec.7 
«2 


Jae we me ee ee ee Le 


g 


MMW 


I 
{ 
Section 4:449.6 Kg. 


Section 1:170.4 K 


Section 2: 816.6 Kg. 
Section 3: 788.7 Ko. 


Et 


Nip 
= gig So 
Total ball load = 2349.7 Kg. 


Slope of mill =0.4085 in. per ft. 


Fie. 10.—Arrangement of balls by sizes in 
a conical ball mill. 


The shell is usually made of cast iron or cast steel, in two parts, with 
a tongue-and-groove flanged joint in the cylindrical section. 


Trunnions are cast integral 


with these sections and after the flanges have been faced the two parts are bolted together 


and the trunnions turned down in a lathe. 


plate, with cast trunnions bolted on and then turned down 


to those on cylindrical mills (see p. 346). 


A lighter form of mill is made of riveted boiler 
Gears and bearings are similar 


An incidental structural advantage of the conical 


shape is the fact that it allows a driving pulley to be placed on the pinion shaft between 


trunnions near the discharge end. This makes for compactness. 


When, however, the 


» 

SF Kee SL 102 7 

: LI TBD 1D a | 5 

SF xa | wxir 12,999 10D ; 1299) | 3 i a 

; 2? x22 1VXIF | 14699 149099 Dw | 0 73 
exe | wx | ups | 620 | z60 | © | wo 
& xm | izxie 220 | 17,700 | 2900 in | ig 
S xy IWxKig 2290 § 19499 | 24099 135 0«(Cd |g 
SF 44 ‘ IZKiZ ree 22 229 70060 |) os 
Ww xe wug IN) 23D) ID eon 250 


At one ghost stains tor Etation, eayatiiies A an Bt anda 1G-4t. ill were 250 tons 
SRA OB trom get D4 tex, reszectivdy, and power consumption per ton gremsd was about 
2D pez tent. Nees tm the Wi sel A UE XK 4B Ge aaill dry-grinding a 2Ad ore in dosed 
: with 2 Sates Hee mer screen redes II) tous per 24 br from —%4 2m. to — 6-2nesh 

BS 624. — 293-2eck) with 2 consaaption A BG bp 26 18%{rps Ball led, DSH 

- BB, 4- 2nd Sin. balls. Power consumption A 2 10-4. mill, wet grinding, with 55,000-Ib. 
esd 6 about 29) bp zt rym (Hardings Co) At Wuisnt-Hezcuzeves (115 J 884) 
a SHH Bian bell a5 2k 1934 rp ce grinds 2 tons A — 144m. feed per 24 br, open 
fr, te te 2B fez ned cose 119 bp. 


Capacity, according to Table 11, ranges from 20 tond per 24 br. in 
| SH. X Sip. mill grinding —05-in. feed in open circuit to S-mesh to 1015 
ons in an 8-it. X 4%-in. mill grinding —1.0in. feed to 3 per cent. on 28-mesh. 
ne consumption varies fran 6.2 bp. per ton of ball load to 19.1 lp., the 
igher figure corresponding to an underlesd of balls. Average for mills of all 
izes with normal Isads is 92 lp. per ton of balls and the range for such mills 
bot over 2 Isp. either side of the average. Tons crushed to table and tube- 
all feed sizes, per tap hr. consumed, ranges from 0.062 to 0.417, average 0.195 
m; and from 0.045 to 0.16, average 0.087, in grinding to flotation size. 


5. Conical ball mill vs. cylindrical ball mill 


At Catavezss Corrze Co. 2 conical mill ranning side-by-<ide with a grate 
all averaged 2A) toms per 24 hr. against 210 tons for the grate mill Power 
meumpiion for the conical mill was 160 bp. and for the grate mill 140 hp., 
mee toms per horsepower-hour were 0.074 and 0.055 respectively. The 
nical sill lost muuch lees time and was less sensitive to feed changes. The 
od to the grate mill had to be watched continuously and occasionally shut of 
20 minutes or more to allow it to work out of a choke-up, caused probably 
wood chips. There was dightly more fine material in the open-circuit 
iharge of the grate mill, but the classifier overflows were substantially the 
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NOTES TO TABLE 11 


a Italic numbers refer to column numbers in Table lla. 6 Balls chipped and broke 
badly. Forged-steel balls substituted, consumption 1.1 lb. per ton. c Constant quantity 
added daily. d One man to six 36 X 14-in. rolls, 3 ball mills and 2 drag classifiers. e See 
Fig. 14. f Mild-steel plate. g Cast-iron and steel plate. h Midvale steel. With cast 
iron, life 58 days; consumption, 1.23 lb per ton. i At 17 r.p.m. consumes 92 hp. and has 
the same capacity. j Consumption of chrome-steel balls in mill making 17 r.p.m. is 2.1 
Yb. per ton. k Included with other work. / Flexible coupling. Tightening liner bolts. 
m 60 per cent. @ 4-in. and 40 per cent. @ 3-in. n Feed is de-slimed sand-table tailing, 
23 per cent. +48-mesh; mill discharge, 8 per cent. +48-mesh; classifier overflow, all 
—48-mesh. 0 Individual liners replaced as worn out. g 0.55 lb. consumed, (0.45 Ib, waste. 
ry Sufficient added each shift to keep ammeter at constant reading. s Inspection and re- 
lining. ¢ Cast iron, 120 days, 0.4 lb. per ton; Mn, Cr, life, 300 days. wu Salt Lake Min. 
Rev., Nov. 15, 1918. v 250 hy. required momentarily at starting. w Classifier overflow 
is 0.5 per cent. +35-mesh, 44 per cent. —150-mesh. x Change from 26!4 r.p.m. to 17 r.p.m. 
reduced power consumption from 150 to 100 hp., reduced ball consumption $0.05 per ton 
of feed, and made corresponding reduction in liner consumption, without affecting grinding. 
y Compare 5 X 10-ft. rod mill at same plant, Table 50. z Dimensions inside lining. 
aa Would probably be lower with lower moisture content. @5 Manganese-steel, wave- 
type, life 85 days; 23,275 tons ground from — 8-mesh to 80 per cent. —65-mesh. Cost of 
liner, $0.125 per pound f.o.b. factory. Liner flowed and was hard to remove. Forbes- 
type cast-iron liners, life 88 days, 24,200 tons as above. Cost, $0.0349 per pound f.o.b. 
concentrator. Rz:-lining, 4 men, 3 hr. ac Has run up to 170. ad Compare 6 X 6-ft. 
grate mill at same plant, Table 5. ae In 1920 handled over 200 tons per 24 hr. of crude 
ore from 7.8 per cent. + 1-in. to 3.4 per cent. +48-mesh, but crude is not so hard to grind 
as this middling. af Dropped from 165 hp. by improvement in gear-redu tion set. 
ag Increasing feed rate to 1100 tons on primary mills lowered the amount of — 200-mesh 
in primary-mill discharge to 21.4 per cent. and in the secondary-mill discharge increased 
the +48-mesh to 3.5 per cent. and decreased the — 200-mesh to 47.9 per cent. @h In 
Section 5 one primary and two secondary 8-ft. X 30-in. mills handled 1027 tons from 1.3 
per cent. +18.85-mm. to 0.2 per cent. on 48-mesh and 59.4 per cent. — 200-mesh with a 
total power consumption of 360 hp. Ore varies considerably from day to day and this 
performance is for softer ore than the performance of the 8-ft. X 36-in. mills in Section 6, 
here give. ai Compare 8-ft. X 22-in. pebble mill at Miami, Table 77. aj Classifier 
overflow is 1.8 per cent. +35-mesh, 47.8 per cent. —200-mesh. ak Classifier overflow 
is 0.5 per cent. + 20-mesh, 45.7 per cent. —200-mesh. al Two mills in series, the first 
discharging to a Dorr classifier that is in closed circuit with the second. am Classifier 
overflow is 0.6 per cent. + 20-mesh, 41.3 per cent. —200-mesh. an 0.5 per cent. +100- 
mesh, and 85 per cent. — 200-mesh. ao In 22 CMI 98 the product shown in screen test 
No. 39, Table 11a, is given as corresponding to 200 tons per 24 hr. of thissame feed. ap 119 
P 808. aq Classifier overflow contains 5.5 per cent. +65-mesh and 73 per cent. — 200- 
mesh. Sands to conical pebble mill. See Table 77. ar Shell and feed-end liners, 30,000 
tons; discharge-end liner 50,000 to 60,000 tons; total consumption, 0.208 Ib. per ton of ore. 
as 115 J 398. at 123 P 886. au Contains 60 per cent. —200-mesh. av 101 J 316. 
aw Weight, 15,200 lb. ax 6 per cent. +40-mesh, 35 per cent. —200-mesh. CJ Cast 
iron. CCI Chilled cast iron. CCr Cast chrome steel. Cr Chrome steel. CS Cast 
steel. DC, Dorr classifier. FS High-carbon forged steel. G Grease. Mang. Manganoid. 
Mn Manganese steel. O Oil. SS Spiral scoop, one-way. WB Wedge-bar. Cast plates 


and forged chrome-steel wedge bars. 
same. See also comparison based on Tables 4, 5, and 11, given in Table 12. On 


Table 12. Comparison of ball mills 


' Horse 
ogres ton Tons product per horsepower-hour 
Mill Table and tube-mill- Flotation size 
: A feed size \ 
BGghich eluowe)|le es | 
age 
High| Gow |*Y°| igh | Law | Aver 
age age 
Conical var woe 19.1 6.2 9.3 | 0.417 | 0.062] 0.195 j 
: : | 0. : 0.166 | 0.045 | 0.087 
Grate... woes Soh eMiey Moh See oR 20.0 722 12.9 | 0.300 | 0.063 | 0.147 | 0.111] 0.047 0.080 
Center-discharge.....| 18.9 4.4 13.2 |0.276/0.05 | 0.139]. 
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the basis of comparison used, viz.: tons product of a given size per horsepower- 
hour, the conical mill is clearly superior, particularly in the coarser range. 
At Nrvapa Consouipatep four cylindrical mills and eight conical mills were 
used in re-grinding —2-mm. classified roll product. Comparative perform- 
ances are given in Table 13. The product of the conical mill was slightly finer 
while power and metal consumption were distinctly less, 


Table 13. Comparative performances of conical and cylindrical ball mills 
at Nevada Consolidated 


Cylindrical Conical 
PRZOOM ML lene ris Sec. ote. sie oisce MMA Ce cicccre.e'c ei eSh-ase 7 X6-f{t. 8-ft. X 30-in. 
Feed rate, dry tons per 24 hr., average........... 359 451 
MWlossnureaperecen tess. ieyen eps te ao). aes tucancions 27.9 26.9 
Horsepower consumed, full-load average.......... 128.75 Teas} 
Tons per horsepower-hour...................00- 0.116 0.163 
Metal consumption, pounds per ton (a)..........- 1.583 1.072 


Weight, per cent. 


Sizing tests, screen aperture, mesh 


Feed | Product| Feed | Product 

10 BUT OO 3.7 0.2 
14 13.8 1.0 13.8 0.8 
20 22.4 2.0 22.4 2.0 
28 20.2 5.0 20.2 3.4 
35 16.2 6.6 16.2 EW & 
48 10.6 9.0 10.6 hel 
65 6.5 9.2 BLS 10.0 
100 3.6 13.6 3.6 14.4 
150 1.2 11.4 oe 10.8 
200 0.6 5.6 0.6 7.6 
— 200 4 1.2 36.8 172 87.4 


a Cast-iron liner plates, chrome-steel lifting bars, cast-iron balls. 
6. Mechanics of the ball mill 


Davis (61 A 250) gives an exhaustive 
mathematical analysis of the action in a 
ball mill. A summary of his conclusions 
follows: 


Notation: (See Fig. 11) r = radius in ft., drawn 
to any particle p at the instant that its path 
changes from circular, under the impulse of the 
mill shell, to parabolic under the influence of its 
acquired momentum and gravity, or vice versa. 
7, = radius of mill drawn to the point where the 
outer layer of balls changes from circular to 
parabolic motion or vice versa. 12 = radius drawn 
tu the point of motion change of the inner layer 
of that part of the charge which, at any given 
instant, is following a circular path. R = radius 
of gyration of charge near line a0. a = angle in 
degrees between vertical and the radius r drawn ; 
to the point of change from circular to parabolic Wyq. 11.—Chart of theoretical paths 
motion. a; = angle between vertical and the of palls in a ball mill (after Davis). 
corresponding radius 7}. a2 = angle between : 
vertical and the corresponding radiusrz. ag = angle between vertical and 2. 6 = angle 
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between horizontal and the radius r drawn to the point of change from parabolic to cir- 
cular motion. 6, = angle between horizontal and corresponding radius 71. #2 = angle 
between horizontal and corresp nding radius re. n= speed of millin rev. per sec. N= 
speed of mill in r.p.m. N = critical speed of mill in r.p.m. Vp», = velocity of particle 
relative to striking point. w = weight of any given portion of charge, e.g., one ball, in 
lb. W= weight of entire chargeinlb. P= fraction of mill volume occupied by charge 
(voids included). g = acceleration due to gravity = 32.2 ft. persec. per sec. k = a constant 
for any given mill speed = 472n2/g = 1.226n2. K = a constant = r2/r1. H = height of 
charge in mill at rest, in ft. & = Kinetic energy in ft.-lb. 7 = time for a ball to com- 
plete one cycle, insec. 7; = time for one rev. of mill, in sec. Cy = cycles of ball travel 
per rev. rc = radius of circular arc a0 along which change from circular to parabolic mo- 
tion occurs. x, y, See Fig. 11. 


Equations: . 
0.408 
COMO? Iki — 12201 ete ns FC) te es = er ah sets BD 
“ 2 54.19 
cos ar = 0.867nn?V14+ K",. (3) M= Py se Foca cups’ pie ae eae 
1 
=, 0.132%? = Z 
y=axtana-—~ a: (5) B = 3a — 90°, ~ a) 
V,? = 16rg cosasinta. . i eee 
For the best theoretical efficiency 
7.88 
Sxaoms €= aera eres ec (8) Vomm. = V16Krig cos a2 sin‘a:, (9) 
Bee 548 448 of P.8. (10) K 4S Si. oe 
rent 
48.95 0.8165r 
N = <i ,, ie = i 
OE Te (12)* «cosa ae ee (13) 
0.8165 ; 
COs Qy = Vitk” ease (LS) GOS a3 = JK COS.ai;, 4 = 5s -e CLD) 
ORS . Cet 
Ca gre 1.444 (considering all balls to have the same cycle as if 
their radius of revolution were the radius of gyration)... . .(16) 
K = —0.024 + 0.39\/7 — 10P (very nearly), . 2 2 2. 2). (7) 
1—K? 1—Ks 1—Ki 
HP.=Wr *| 0.004407 a ———— bpcreert ct 
1 (14K! 00037 Kat + 9.00088 Try (18) 
me = Kia? |. Paes ff oY alstin ment sengmadn--aifnet-ko areal 


Examples of application of Davis’ equations. An 8 X 6-ft. cylindrical mill 
with 28,000 lb. of steel balls. Assuming 35 per cent. of voids in the ball charge eee 
per cu. ft. of charge is 325 lb. and the volume of the charge, 28,000/325 = 86 os ft.. The 
interior volume of a 8 X 6-ft. mill is 301 cu. ft. (according to Davis. This euae is 
based on the assumption of 8 X 6-ft. inside. The actual internal volume of an 8 xX 6-ft 
mill is probably 20 per cent. less than this on account of the space occupied by the liners), 
hence the charge occupies 86/301 = 28.6 per cent. of volume = P. Then from equation 
(17), K = 0.770; from equation (12), the best speed = N = 21.8r.p.m.; and from equation 
(18), HP = 153. (This is low for an 8 X 6-ft, mill.) If 8000 to 10,000 lb. is added for 
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the weight of the pulp and W is made the total load in mill = 36,000 to 38,000 lb., HP 
becomes 197 to 208, which is about correct (see Table 4). From equation (14), a; = 49° 
30’ and from equation (15), a2 = 60° 20’.. From equation (19), re = 3.05 ft. By equation 
(6), 8, = 58° 30’ and #2 = 91°. Values of r for values of a between a; and az may be 
obtained from equation (1) and for values of 6 between 6; and #2 from (6) and (1). By 
plotting these values, curves a — b and . — d in Fig. 11 
may be obtained. Then vhe concentric circular arcs repre- 
sent the circular paths of the bal; and the parabolas the 


EE 
free-moving paths. The value of r for the start and finish a, 
of any particle on its parabo'ic path is thesame. The equa- 
tion of the parabolic path of any given particle, taking its 
point of starting on the parabolic path as origin of co-ordi- 
nates, is given by equation (5). Thus the complete theoreti- 
cal path of the bal’ charge can be p'otted as in Fig. 12. 

Haultain and Dyer (69 A 198) question Davis’ 
conclusions as to ball paths on the basis of a re- | 
markable set of moving pictures portraying the 
performance in a glass-ended cylinder 2 ft. diam. by ; i 
2% in. long, but Davis’ discussion of their results ee in 8 as me be 
confirms his original conclusions. Fig. 13 shows ~~ all Ga Ps. i 
five different conditions of operation graphically ; a 
summarized by Davis from the films. The dash lines in the figures are 
the theoretical paths. The lines carrying round black dots represent actual 
paths of individual balls as traced from the films. In Figs. 13a and 13d 


Fie. 12.—Chart of ball 


Wed 


a. Small balls, no rock. 6. Small balls, some quartz. c. Small balls, full charge of quartz. 
d. Large balls, no rock. e. Large balls, full charge of quartz. 


Fic. 13.—Actual ball paths in tube mills. 


departure of the actual paths from the theoretical is greatest. In these 
operations balls and water only were present, and the discrepancy Is due _to 
slip between ball load and lining, amounting to 8 to 10 per cent., resulting 
in failure to carry balls to their full theoretical height. This slip eliminated 
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practically all free fall in Fig. 13a, and materially decreased the amount of free 
fall in Fig. 13d. But in Figs 13c and 13e sand (corresponding to ore) was 
present, slip was practically zero, and the actual paths approximated the 
theoretical very closely. 


7. Wear of balls and liners 


General. Wear depends primarily upon the materials of which balls 
and liners are made. With given ball and liner material the wear is, of 
course, greater with hard than with soft ore; it is usually greater with fine 
feed than with coarse, although this is undoubtedly because fine feed connotes 
fine product while coarse feed does not necessarily do so. (If material is to 
be finished to the same size, wear is greater for coarse than for fine feed.) 
Wear increases with increase in mill speed and with increase in moisture 
content in the mill, and it is greater for open-circuit than for closed-circuit 
crushing (per ton of original mill feed), when the endeavor is to finish to the 
same size in both cases. 

Ball wear. The most resistant material in common use for balls is forged 
chrome steel. Wear of chrome-steel balls with ordinary ores is from 1 to 2 lb. 
per ton grinding from 1.5- or 2-in. to 20- to 48-mesh, closed-circuit, and from 0.5 
to 1.5 lb. per ton grinding from the same feed size to 6- to 10-mesh, open 
circuit. Corresponding figures for forged high-carbon steel balls are 1.5 to 
3 lb., closed-circuit, and 1 to 2 lb., open-circuit. 


At Encets C. M. Co. the consumption of forged- and chrome-steel balls under similar 
conditions was 3.2 and 1.9 lb. per ton, respectively. 


Consumption of cast-iron balls is usually from 1.5 to 2 times that of 
forged steel, if the balls are 2-in. or smaller; large balls are excessively con- 
sumed due to breakage. Manganoid and Duraloid (cast manganese-steel) 
balls wear about the same as forged high-carbon steel and are cheaper. They 
break readily, however, and are not likely to be economical when large sizes 
are necessary. 


At Uras Leasine Co. the consumption of 2144-in. Duraloid balls in an 8-ft. & 30-in. 
conical mill was 2.19 lb. per ton (cost $0.1018 per ton). At Miami Coprprr Co. the con- 
sumption of 2-in. chrome-steel balls in 8-ft. X 36-in. conical re-grinding mills was 0.8015 lb. 
per ton for the year 1916. With manganoid balls of the same size in the same service, 
consumption was 1.1928 lb. per ton. Prices were $0.05 and $0.025 per lb., respectively. 
At Unirep Eastern (63 A 556) 1}4-in. chrome-steel balls in fine-grinding service (20-mesh 
to 85 per cent. — 200-mesh) were consumed at the rate of 3.18 lb. per ton while cast-iron 
balls the same size wore at the rate of 4.35 lb. per ton. At InsprraTion (1916) the wear 
of chrome-steel balls making 8-mesh product, open circuit, in Marcy mills was 0.3 to 0.7 Ib. 
per ton; making 48-mesh product in closed circuit the wear was 1.7 lb. per ton (1.82 lb. in 
1918). Table 14 gives comparative data on consumption of chrome-steel, forged-steel and 


Table 14. Comparison of manganoid and chrome-steel balls in 8  6-ft. 


noid Marcy mills 
at Inspiration; 1920; 44-day run 


Material Manganoid | Chrome steel 
Drametercofsbadls: Ae ain. ncesoes ag ot 4% 4 
Consumption, pounds per ton...... 3.164 1.66 
Cost of balls, cents per pound...... 4.54 5.15. 
Cost of balls, cents per ton ground. . 14.36 S00 


Comparative consumption of chrome-steel and forged high-carbon steel balls over a 
one-year period was: Chrome-steel, 1.75 lb. per ton; forged-steel, 1.82 lb. 
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manganoid balls at the same plant. At ANACONDA consumption of cast-iron balls in a 
7-ft. X 72-in. (inside lining) mill was 5.5 lb. per ton at 23 r.p.m. and 2.75 lb. at 15 r.p.m. 
At Nevapa ConsoLiDATED consumption of 3-in. machine-cast balls (Nov., 1923) was 1.74 
lb. per ton; 3-in. sand-cast, 1.83 lb.; 2-in. drop-forged steel, 1.0 Ib. 

Size of balls has a small effect on ball wear. In 5 X 6-ft. ball-pebble mills at Unirep 
Eastern (63 A 556), grinding from 20-mesh to 85 per cent. — 200+mesh, the consumption 
of 2-in. chrome-steel balls was 3.00 lb. per ton and of 114-in. was 3.18 lb. per ton. At 
Sr. Josep Leap Co. (66 A 107) consumption of cast-iron balls in a 6-ft. X 22-in. conical 
' mill crushing to 10-mesh was 1.218 lb. per ton and of steel balls of substantially the same 
size (1.5- to 2.5-in.), 0.332 lb. In the same mill the wear of 5- to 2.5-in. steel balls was only 
0.12 lb. per ton. 


Liner wear varies with liner material, position of liner, kind of ore, ton- 
nage, size of feed and product, whether open- or closed-circuit grinding, ball 
load, speed, and pulp consistency. Life of liners ranges from 4 months to 
3 years but the average for all kinds of liners is close to 6 months. Con- 
sumption of manganese-steel liners, which are most commonly used, averages 
(from Tables 4, 5 and 11) 0.35 Ib. per ton when grinding to sizes between 
6- and 20-mesh, mostly in open circuit, and 0.50 lb. per ton in grinding in 
closed circuit to flotation size. Chrome-steel liners are more resistant, if the 
averages based on the meager data in Table 5 are dependable, the consumption 
being 0.18 lb. per ton in coarse grinding and 0.39 lb. per ton in fine grinding. 
Cast-iron liners are least resistant, the wear in coarse grinding averaging 
0.69 Ib. per ton. Comparative consumption of different metals on the same 
ore is given in note g Table 4, and note t, Table 11. Wear on liners in different 
parts of the mill is shown by Fig. 14; note ar, Table 11; note w, Table 5; and 
by Table 15. A considerable part of 
the liner consumption is scrap, hence 
the heavier the new liner, the smaller 
the proportion of waste rejected. At 
Unitep Eastern (Table 15) rejection 
averaged 43 to 45 per cent. of the new 
weight of all liners. Progress is in 
the direction of heavier liners. It is 
commonly stated and probably true |Nimberl Life Tons | Number 
that the consumption on hard ore is ground |of pieces 
greater than on soft, but comparative 


: ; 1 10 mo 45 000 16 

data on this score, uncomplicated by 2 8 mo. 36 000 16 
variability in other factors, are not : Ras 40 000 Es 
5 fi . SO NES eae 2 
available in Tables 4, 5 and 11. It is, Porinec rien : 


of course, true that the abrasive charac- jong 
ter of the hard ore is the greater and 
age rapes ee ae de Fria. 14.—Liner wear in conical ball 
ee peegOr of the ‘liner with respect mill at Bunker Hill and Sullivan 
to the load is necessary per ton of hard Minine Co. 


ore ground, hence on both grounds es 
more wear is to be expected. Life of a liner will decrease with increase in mill 


tonnage rate but consumption per ton of ore will generally decrease on account 
of the increased cushioning effect of the greater tonnage. Wear is usually 
greater with coarse than with fine feed, as is indicated by the greater wear of 
liners near the inlet end of a center-discharge cylindrical mill. This effect 
may be obscured in a peripheral-discharge mill running with thin feed and 
low pulp level by excessive wear near the grate occasioned by lack of pulp 
to cushion the ball charge. Wear is distinctly greater in fine closed-circuit 
grinding than in coarse open-circuit work as shown by the comparative figures 
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on wear of manganese-steel liners previously cited (0.50 and 0.35 Ib. per ton 
of feed, respectively). Liner wear is greater with a heavy ball load than with 
a light load and, all other things being equal, greater with large balls than 
with small. Probably the best evidence of this fsct, complicated, it is true, 4 
by the fact that the size of feed is different in the different places, is the | 
comparative wear in the different sections of the conical mill, shown in Fig. 14. _ 
Wear increases with increase of speed and with increase in moisture content 
of the pulp. ; 


At WrichtHarcreaves (115 J S84) the wear in an S-ft. X 3Qin. conical mill was 
excessive at 22 r.p.m., when the feed rate was 200 tons per day, open-cireuit, but fell to 
normal when the speed was reduced to 19}g rpm. At Nevapa Consonmarsp (see Table 
11) the wear of cast-iron balls (which is proportional to liner wear) was 1.55 Ib. per tom — 
in an S-ft. mil! at 2S r.p.m. and 1.34 Ib. per ton at 2435 rpm. : 


Table 15. Liner wear in ball mills at United Eastern. (ter North) 


Consumption, Cost per 
Liner Msterial | pounds per ton | ak 1 ton milled 
| G@uckuding serap) | ““"P | 937, 8) 
No. 6444 Marey 
Bertrand 4 SIIL It fh) TIS fl | Manganese steel | 0.072 P) 3829 $0.0110 
Shell (step type)... ....... Manganese steel | 0.163 + 45.5 9] 0.0288 
Discharge grate. .......... Chrome steel : Q.055 } 48.4 0.0137 
Bolts, clamp bars, center | | | 
Hiners, be... ..B.-v<E 79 Feeeac heneeae 0.022 | 63-8 | 0.0068 
: ae ee ee 
Os Sa ea ee | ee ees. + ee | Q.312 43 $0.0583 
5 X 6-ft. ball-peb mills 
’ : . 
ie ae | Chrome steel | 0.040 52 } $0.0072 
SO et a eee Chrome steel 0.007 40 } 0.0012 
Se ee ens ae Chrome steel i 0.115 ' 2s Q.0218 
Discharge grates. .......-. | Tool steel 0.005 ; 40") 000r¢ 
Discharge wedges... ...... | Chrome steel t 0.017 } 41 | 0.0031 
’ LL 
’ - 
So pens Bears Rae eerie 0.184 , . 45 | $0.0347 


Liner wear must be watched carefully in order to insure that the shell is 
not reached and perforated. With bolted liners the plates usually break 
when too thin, which allows the bolt to loosen and causes leakage, thus giving 
warning. At many plants mills are stopped periodically for inspection. 
At some plants, e.g., Untrep Eastern (63 A 554), after a wear record has 
been established, the mill is stopped and opened only when records of past 
performances show that a particular part of the liner should be reaching the 
danger point. 

Cost of maintenance. The cost of balls and liners is SO to 90 per cent. 
of the total maintenance cost of ball mills. The following figures forad X 31¢-— 
ft. Marcy mill at Eko Prince (1916-1918 inel.) are typical of the distribution. 
Aree ce a liner, $0.1042 (= 42.5 per cent.); balls, $0.1011 

= 41.0 per cent.); miscellaneous supplies, $0.Q253 (= 10.3 ent.): 
$0.0154 (= 6.2 per cent.). E> SEXES ae 
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8. Operation of ball mills 


Capacity. The meaning of the word capacity is not closely defined 
in the literature of cylinder mills. The ability of a mill without grates to 
pass material from inlet to outlet is limited only by the ability of the feeding 
device to force the material into the mill. The mill will reduce the average 
size of the material passing through it, more or less, depending upon the rate 
of passage and also upon a number of other factors such as nature of material 
ground, size of feed, size of product required, percentage of solids in feed, 
type of liner, size of balls, weight of charge, speed of mill, and whether or not 
in closed circuit with a classifier. With grate mills the grate openings also 
affect capacity. Probably the best method of stating capacity is in terms 
of tons of materia] of the desired maximum size and smaller actually produced 
by the mill per unit of time. Tables 16 and 17, generalized from operating 


Table 16. Capacity of cylindrical ball mills 


] 

Rize, } Size, | | 
diameter i | Tons per | diameter | Tons per 
“1 a From To mesh | “hr. ||" length, From To mesh 24 hr 

feet / | feet i i 

| i } 

3x 8 Paw tari d 1 fs-Sorill * 0.5 | 28 200 
eel 3. 2 PMS \ 1. 10-20. 1255508. 2.5 48 75-150 
BX 5 2 14 79. ||| Bee eB S255 65 50-100 
ee. 2 48 15-30 || 4x 5 2 8 280 
4% 3 2 14 e- Goma BEES. ft. 2 1 | 200-350 
_ ao SP eee 2 28 25-50 | epee | 2 | 28 140-250 
eit. 2 48 {5-40 Fi. SE. 3. 2 | 48 75-150 
eee. 2 65 10-30 |]...2-...4. 2 65 | 60-120 
#4% 344 | 2 8 50-60 || 6% 6 Tot Ce her AE5 
*4% 4 / a | Aeeni-tg 5 || © * 3 8 188 
ees... 2 14 50-75 | a 2 8 288c 
ie. 2 28 25-5): [ore ed, | “2 14 300-400 
Reet... 2 48 20 AD. be’. -4. | @ 2 | 1-AES28 fl 200500 
coe. 2 65 45°30 \Il..fee---3.| —* 2 48 | 100-200 
4% 6 2 14 70-100 Se Ae ee 2 | 65 | 80-160 
44%10 14-mesh 200 25a 2 2.5 100 250 
5x 4 Qin. | 14 109-150 || #610 10-mesh | 28 600d 
. EPP EEE 2 23 70-100 7K 5 Zags} 14 350-600 
. eee 2 43 Pie S| | aa 2 28 250-400 
eee. 2 65 ee | epee 2 48 | 150-225 

% 1.5 100 42-Se AR 2 65 100-200 

5X5 2 14 125-175 || *7K 6 2 10 275-600 

% 0.5 | 20 285 *7 X10 &-mesh 28 600 
Be Pew 2 his 74, / 28 80-125 || *8K 5 1-in 8 800-850 
EE ceca 2 = 2 48 | 50-75 |I 4 2 48 340 
. 2 65 30-60 || 48K 6 2.5-in. 6 400-450 
45X 6 20-mesh 35 | 90 4 1.5 6 750 

* 3in. | 100 90 «II % 0.4 8 9006 
45X10 one 10 150 | * 0.75 10 300 
46X 4 0.25 | 10 450D) (MeO eek: 2 14 500-800 
as 2 14 C7 Beart Ce | NRTA pe 2 28 400-600 
ae 2 28 100-150 * Ze 35 430 
a 2 48 65-130 || * 2 48 | 440-480 
eee... 2 65 40-80 * 3 65 450 
4X 4% 2.5 : 20 230 | 


—————_———————————E——————————————— ae 
% Marks data from actual operation. Other figures generalized from manufacturers’ 
catalogs. a Hard, pyritic concentrate. 6 Soft calcareous lead ore. c¢ Hard, tough ore. 


@ Soft porphyry ore. 
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Table 17. Capacity of conical ball mills 


— 


| 
Size, Size, 
diameter diameter 
cylinder, n cylinder, 
feet X From To mesh pi pig feet X From To mesh a 
length x ; length 
eylinder, eylinder, 
inches inches 
*3X8 0. 5-in. 6 30a *8 X28 0.25 14 160 
OME Aik Cet. 155 14 10 *8 X30 Q.4-in. 3 855a 
is xs “on Ms 1,45 28 9 x 2 8 496 
TO Pa AR 1s 48 8 * 8-mesh 14 270 
pene at Se 0.5 65 8 *8 X 30 £.5-in. 20 450 
*416 X13 ee URS) 10 48 * 1.5 35 408 
44X16 VS 8 48 *8 X36 1 4 1000 
eens es 1.5 28 30 Rah IOCE LSS 8 430 
as ees 1.5 48 24 cs 0.75 10 533 
* 1.5 65 20 = 4-mesh 10 389 
Mae Gus) OE 0.5 65 24 = 1.25-in. 12 650 
Rac 16 1.25 12 60 * 2 14 | 236 
*6 X16 0.75 3 351 * 0.4 20 198 
* 15 10 175-200 * 3-mesh 20 396-443 
* 0.75 14 160 rf 2 35 378 
> 0.3 20 185 Ex 10 20 313 
* 5 65 155 * 1.5-in. 48 141-336 
*6 X 22 0.5 6 275a * 3-mesh 48 150 
* 0.5 8 1206 * 3 65 274 
SiO io. eee 1.5 8 144 Sere 22. | OpeS-Tas 65 384 
Sa ER es 1.5 14 130 8x48 1.5 8 576 
* 6-mesh 20 160 * ies 10 500-600 
OS Oc ae 1.5-in. 28 120 * 1.0 28 1015 
ee SC: 1.5 48 96 LAroeags soe as 48 456 
a 0.75 48 106 * 0.5 65 500 
an eS 0.5 65 75 * 28-mesh 100 500 
*6 X 48 0.5 48 134 9x48 1.5-in. 8 790 
74X72 | 8-mesh 28 300=425 iil; qn. kes 2 F. 15 48 620 
8X22 1.5-in. 8 SSG. i illcaya ateos bs O25 65 700 
Se hee 1.5 48 225 10X48 1.5 8 1080 
0.25 48 367 nayqetle f. | 1 48 840 
ae eee 0.5 65 240 es A ae 0.5 65 900 
* 0.25 65 150-300 


* Data from actual operation. Other figures generalized from manufacturers’ catalogs. 
a Soft ore. 6 Hard, tough ore. 


Table 18. Effect of feed rate on capacity of an 8-ft. X 22-in. conical ball mill, open- 
circuit crushing. (After Davis) 


Feed rate, Tons — 200-mesh Tons — 200-mesh 
tons per material actually material produced 
24 hr. produced ; per horsepower-hour 
88 53.8 0.019 
178 90.5 0.082 
264 116.3 0.041 
360 144.8 0.051 
432 184.0 0.065 


Iron ore, 35 per cent. magnetite, balance quartzite and iron silicates. All through 0.25- 
in. screen. Moisture @ 50 per cent. 28,000 Ib, of 5-, 4-, 3- and 214-in, balls; 19,7 rpm. 
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data and manufacturers’ catalogs, give figures that are reliable for estimating 
purposes for ordinary ores. For hard and tough ores the capacity may be 
reduced 50 per cent.; with soft, decomposed feed the figures can be increased 
somewhat. Decrease in size of feed will cause an increase in capacity, greater 
the smaller the diameter of the mill. 

Rate of feed to mill. In open-circuit grinding the amount of material 
of any given size produced by a single mill increases with the rate of feed. 
(See Table 18 and Fig. 15.) Production passes through a maximum which 
is reached more quickly the finer the 


desired size. (See Tables19and 20.) +5 
On the other hand, the amount of 3& tr 
oversize discharged likewise increases * 5 C ia 
Z ye z va ylindrical 
with increase in the feed rate and, ile 
since the object of the grinding opera-_ 3 2 
tion is to reduce all of the materialto 2° 
the limiting size, high-capacity open- 
Se seboa gees 100 
circuit work is justifiable only when, 200 ©9300 «= 400-S-«s«500 600 © 700 


taken in conjunction with the finish- Tons feed per day 


ing grinding, a lower cost per ton of Fie. 15.—Effect of feed rate on capacity 


finished product is attained than is of hall mills (after Delano and Rabling). 
otherwise possible. If the feed rate 


in open-circuit grinding is cut down to the point where the discharge 
is all of a desired fine size, capacity, particularly in connection with 
power consumption (tons per horsepower-hour) is extravagantly low, con- 
sumption of grinding media is high, and wear of lining at the discharge end 
of the mill is excessive, Much of the material must be over-ground to insure 


Table 19. Effect of feed rate on capacity of 4144-ft. & 16-in. conical ball mill, 
open-circuit crushing 


— 200-mesh — 65-mesh — 48-mesh 
Feed rate, 

Boke ca) Per cent. Tons Per cent. Tons Per cent. Tons 
: ; in produced | in produced in produced 
product per 24 hr. product per 24 hr. product per 24 hr. 

18 21.6 3.68 48.9 7.88 59.8 9.53 

36 15,2 4.96 39.7 12.45 50.2 15.60 

72 8.4 5.04 26.0 15.05 32.9 18.70 

108 5.5 4.32 19.9 16.00 26.5 21.20 

144 4.6 4.60 17.3 17.65 23.2 23.40 


a Quartzite; 0.7 per cent. on 1.5-in. screen, moisture, 39 per cent. 


that all is sufficiently ground. Hence in order to take advantage of the 
ability of a cylinder mill to handle large tonnages and produce therefrom a 
large amount of finished product per unit of power, the mills are run in closed 
circuit with a sizing device that returns oversize to the mill feed. The effect, 
of closed-circuit crushing is clearly shown, by comparison of Table 18 with 
Table 21, to be to increase the amount of —200-mesh material produced per 
horsepower-hour at all tonnages throughout the common range of the two 


experiments. 


At Toucs Oaxes (101 J 691) a conical ball mill run open-circuit to produce tube-mill 
feed was fitted with a double-cone screen in the discharge trunnion, the converging part 
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of this sereen being a continuation of the surface of the discharge-end cone of the mill, 
so that the level at which coarse material could discharge was raised. The ball load 
could be and was increased from 8500 to 11,500 lb. Oversize was returned to the head 
of the mill by belt conveyor. Capacity was increased from 82.7 to 102.3 tons per 24 hr., 
power decreased from 40 to 35 hp., tons per hp.-hr. increased from 0.086 to 0.119, and 
ball consumption decreased from 2.45 to 1.80 lb. per ton. 


Table 20. Relation between feed rate and ground product in a 6 X 4-ft. ball mill. 
(After Hines) 


Product 
| 
Feed, tons — 200-mesh — 100-mesh — 65-mesh 
per 24 hr. 
Per cent. | Tons per | Per cent. | Tons per | Per cent. | Tons per 
weight 24 hr. weight 24 hr. weight 24 hr. 
120 40 48 52 62.4 56 67:2 
135 37 50 50 67.5 54 72.9 
250 28 70 40 100 45 be as 
300 21 63 28 84 32 96 
- 400 14 56 23 92 PP f 108 
| 
Product 
Feed, tons — 48-mesh — 20-mesh — 10-mesh 
per 24 hr. 
Per cent. | Tons per | Per cent. | Tons per | Per cent. | Tons per 
weight 24 hr. weight 24 hr. weight 24 hr. 
120 60 72 78 93.6 87 104.3 
135 57 ai 72 cecal 84 113.3 
250 50 125 64 160 76 190 
300 37 111 53 159 67 201 
400 32 128 49 196 63 252 


Table 21. Effect of feed rate on capacity of an 8-ft. X 22-in. conical ball mill, closed- 
circuit crushing. (After Davis) 


“fons per’ | Toms —200-mesh sesdycede 
24 hr. (a) produced peri2¢ hr. horsepower-hour 

a fa th 96.1 0.028 

120 104.1 0.030 

132 111.0 0.032 

156 128.1 0.037 

177 135.2 0.039 

264 163.8 0.047 

302 193.7 0.056 

368 218.5 0.063 


a Iron ore, 35 per cent. magnetite, balance quartzite and silicates; all through 0.25-in. 
screen. 40 per cent. moisture, 23.8 r.p.m., 28,000 lb. @ 3- and 2-in. balls, 


It is not to be understood, however, that closed-circuit grinding to a 
given size is always more economical than open-circuit. In the first place, 
tests in Tables 18 and 21 do not give a true comparison, if the ordinary mean- 
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ing of the term closed-circuit is taken, because the material was not all finished 
to the size taken as the basis for comparison in either the closed-circuit or 
open-circuit tests. Had it been, it is apparent that the tons produced per 
horsepower-hour would have been considerably reduced, particularly in the 
tests at the higher tonnages, in which the percentage of final oversize was 
large. At these tonnages, therefore, the production of —200-mesh material 
per unit of power would have been greater in the open-circuit work. This 
discrepancy becomes larger the coarser the feed and leads to stage reduction. 

Truscott recommends feeding coarse material to short ball mills at such 
a rate (in a 50 per cent. pulp) that the available volume (which he takes as 
the mill volume below overflow level minus the ball volume) is re-filled every 
1to2min. This figure accords reasonably with good practice when the ball 
load is all that an open-trunnion mill will stand, but applied generally it 
would call for a higher feed rate to an undercharged mill than to one with 
full charge, which, of course, should not be the case. 

Stage-reduction. Whenever ball-mill feed is coarser than 0.75-in. maxi- 
mum size, or, with even finer feed than this, when the tonnage to be crushed 
is sufficient to require more than one mill, crushing will usually be cheaper if the 
reduction is done in two or three stages. In such work usually only the final 
mill is run in closed circuit and in the other mills advantage is taken of the 
ability to handle large tonnages and produce, in connection, it is true, with 
a large percentage of over-size, a large tonnage of finished product per unit 
of power expended. 


Tables 22 and 23 present the results of a test comparing one- and two-stage crushing 
of —0.25-in. iron ore to 100-mesh (Davis, 61 A 253), both mills being in closed circuit. In 


Table 22. Performance of 8-ft. X 22-in. conical ball mill crushing from 0.25-i to 
100-mesh in one step. (After Davis) 

Closed circuit with Dorr classifier. Original feed, 177 tons per 24 hr., return, 792 tons; 

total 969 tons. 28,000 lb. @ 2%%-in. and 2-in. balls. 23.8 r.p.m. 30 per cent. moisture. 


145 hp. 
Sizing test of feed and product 


rn erratesh Feed, Classifier overflow, 
Y s per cent. weight per cent. weight 

4 QIIZ PUP DTD AS OR PIS ae 

8 21h) Baal Veet: ad tek oda 

14 Hi” Mee ORS Rar Soe eee pee nonne hen 

28 Ata! Te ae | ea Mee ene Oe ak I car 

48 Abe 2 Ps oR eee oe 
100 B 81. 1,4 
200 2.8 11.8 
300 1.6 15.0 
~ 300 7.8 71.8 


the single-stage operation the final product contained 1.4 per cent. oversize on the limiting 
screen against 2.4 per cent. in the two-stage treatment. Considering both products satis- 
factory, single-stage crushing produced finished material at the rate of 177 tons per 24 hr. 
or 0.049 ton per hp.-hr. In the 2-stage operation — 100-mesh material was produced in 
the first stage at the rate of 294 tons per 24 hr. or 0.085 ton per hp.-hr. In the second 
stage finished material was produced at the rate of 157 tons per 24 hr. or 0.045 ton per 
hp.-hr., which is nearly as good as was done in the single-stage operation, yet Davis states 
that this second mill was distinctly underloaded and estimates that it could have produced 
230 tons of finished material per 24 hr. which would have been 0.066 ton per hp.-hr. As 
it was, the 2-stage operation as a whole produced 368 tons of finished material per 24 hr, 


or 0.053 ton per hp.-hr. 
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Table 23. Performance of 8-ft. X 22-in. conical ball mill crushing from 0.25-in. to 
100-mesh in two steps. (After Davis) 
First stage: Closed circuit with Dorr classifier. Original feed, 368 tons per 24 hr.; 
return, 768 tons; total, 1136 tons. 28,000 lb. @ 3- and 2-in. balls; 23.8 r.p.m.; 145 hp. 
Srconp sTaGe: Closed circuit with Dorr classifier. Original feed, 157 tons per 24 hr.; 
return, 120 tons; total, 277 tons. 28,000 lb. @ 2- and 1-in. balls; 23.8 r.p.m.; 145 hp. 


Sizing tests of feed and product 


Sa S| 
Weight, per cent. 
Screen, First stage Second stage 
mesh 
ped Classifier Reed Classifier 
overflow overflow 
4 29)-2 idles. F098g Poko als tes aye ties Nee hapareterals 
8 OSEAN | AEs PWR oS ol PRP eee ES el Nee 
14 BSR ait ee eae ie Omar ihe e ge ee cra ena 
28 SO itd: Aba ee Oss TUS AAPA, Ae ere 
48 4.7 4.3 S AIO iy ieeet.o2 4 
100 3.3 15.8 39.0 2.4 
200 3.3 18.8 38.0 13.3 
300 Himoff 11.4 8.2 17.7 
— 300 8.9 49.8 8.8 66.6 


The performance of 8-ft. X 36-in. conical ball mills at Mramz (Table 11) is a good example 
of the economy of 2-stage grinding with one primary mill in open circuit followed by two 
secondary closed-circuit mills in parallel. The capacity of the three mills as arranged 
was 967 tons per 24 hr. from 0.4 per cent. on 1-in. to 0.1 per cent. on 48-mesh, or 0.079 ton 
per hp.-hr. Their capacity in parallel on 3-mesh feed was 822 tons per 24 hr. to the same 
size, or 0.068 ton per hp.-hr. The capacity of the three mills treating primary feed (test 22, 
Table-11) in closed circuit would have been less than this because the primary feed was 
coarser. The primary mill in open circuit produced 304 tons per 24 hr. of —48-mesh 
material, or 0.093 ton per hp.-hr. against 237 tons each (0.068 ton per hp.-hr.) in the sec- 
ondary~ mills in closed circuit. 

North (63 A 554), commenting onthe Unirep Eastern flow-sheet, states that 2-stage 
ball milling is about 15 per cent. cheaper than stamps plus tube mills in the district and 
that single-stage ball milling shows about the same supply and labor costs as 2-stage, but 
about 20 per cent. greater power consumption. 


Circulating tonnage in closed-circuit crushing ranges from 50 to upwards 
of 500 per cent. of the original feed tonnage. The average return is between 
150 and 200 per cent. of the original. A greater percentage would ordinarily 
overload the classifier. 

At the Mrsasr Iron Co., the experimental flow-sheet was arranged to permit the use of 
one to four Dorr classifiers with one 8-ft. X 22-in. conical ball mill. Results of a test run are 
shown in Table 24; they show distinct increase in capacity and fineness with increase in 
number of classifiers. Against this advantage, however, must be balanced a decided incon- 
venience in handling the circulating load and a much larger floor space devoted to grind- 
ing; as a result mulviplication of classifiers has not yet been adopted in grinding practice. 

Nature of material ground has a marked effect on ball-mill grinding in the 
case of certain materials, comparing, e.g., coal, cement copper, gypsum, cocoa- 
nut shells, ores, brass ashes, etc., but considering ores alone, the physical 
character has much less effect on the amount of crushing done than operating 
factors such as size of feed, moisture content, ball load, ete. Thus in Table 4, 
comparing the 6 X 4-ft. mill at Sr. Josrpn Leap Co. with the 6 X 6-ft. mill 
at CONSOLIDATED ARIZONA SMELTING Co., dolomite gangue appears to grind 
from 3- to 8-mesh much more readily, based on tons per horsepower-hour, 
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than quartzitic rock from 2- to 4-mesh, and this is in line with the reasonable 
expectation that limestone is more easily ground than quartz. On the other 
hand, substantially the same amount of —200-mesh material was produced 
by both mills, at the rate of 0.034 ton per hp.-hr. from dolomite and 0.033 ton 
from quartz. In Table 5, comparing the 6 X 414-ft. mills at Unrrep Eastern 
and Suarruck Arizona, the quartzitic ore at Unrrep Eastern is crushed 
from 2.5-in. to 4-mesh at a higher rate per horsepower-hour than Suarruck 
ARIZONA limestone is crushed from 0.5-in. to 3-mesh and —200-mesh material 
is produced from the quartz ore at the rate of 0.024 ton per hp.-hr. against 


Table 24. Tonnage test with 8-ft. x 22-in. conical ball mill and two to four 8-ft. 
: Dorr classifiers 


2-classifier 3-classifier 4-classifier 
Tons per hour to ball mill...... et 20.6 21.4 
~ Tons — 150-mesh per hour to ball 
DALLEEMB RN Ceaitie + coches ora toys 15.38 18.02 19.2 
Total circulating load in tons per 
TLOUTERPA MS Steg: IS eee 175.4 222 260 
Solids in ball-mill product, per 
CCL Beene terre eogh au sgcoe's cyly's) gear 67.75 70.30 73.90 
Solids in classifier overflow, per 
(STR Tete h Sel OA ETRE y 13.90 10.65 9.52 
Sizing tests 
Féeds "per cent! Sands, /Overflow,| Sands, |Overflow,| Sands, |Overflow, 
Size, mesh weight per cent.|per cent./per cent.|/per cent./per cent.|/per cent. 
weight | weight | weight | weight | weight | weight 
8 U0 ee |S.) Ger] Caen) Ree eae OF4 > |. SS LO Sie, sacs 
14 3.7 LAL ein nara metre 165 oer. Eile. co 
28 oad SO | aws.. Menv Tom il sree. « TST ee nee 
48 11.2 1S Sn (OAR ch Pee 14.9 0.1 TU Simeal ys terse sees 
100 27.2 34.7 3.4 34.0 4.3 27.6 Bir! 
115 10.5 11 et 4.2 10.0 3.5 10.4 3.0 
150 8.5 9.0 5.5 (feo) 4.6 8.8 326 
200 Teal 1 a 12.8 10.5 11.8 12.9 9.8 
325 7:3 5.0 17.6 5.4 15.9 7.4 16.3 
— 325 9.8 9.0 56.6 8.0 59.7 9.1 64.1 


a rate of 0.020 ton from the limestone. The same conclusion is indicated by 
Table 25, compiled from Lennox’ work (61 A 237). The column ‘“Compara- 
tive grinding resistance” (as given by Lennox) indicates but little difference 
between a number of ores in the middle range, and when the ‘‘ Grinding order,” 
which is based on another method of analysis of the same data, is compared 
with this column, it is seen that this more direct method of weighting the 
results causes marked changes in Lennox’ estimate of the ease of grinding the 
different materials. Thus while, e.g., by both methods of estimating,. ores 
34 and 13 fall together and likewise ores 18 and 20, yet Lennox’ method 
makes the first two slightly more resistant than the second two while the 
other separates the two pairs a considerable distance in the scale and indicates 
that 18 and 20 are much more resistant than 34 and 13. Both methods agree 
in placing ores like 28 and 11 at one end of the scale and 22, 32, 30 and 48 
at the other and experience accords with the conclusion thus pointed, vvz.: 
that there are certain ores so very hard and tough that they are ground with 
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much more difficulty than the average and certain others that are easier 
to grind than the average. It would not be safe to take more than 50 to 
75 per cent. of the capacity figures in Tables 16 and 17 for the first type of 
ore, and 150 to 200 per cent. can safely be taken for the second, but no distinct 
difference in ease of grinding should be expected between, say, ores 44 and 42 
notwithstanding they appear widely separated in the table. 


Table 25. Ball-grinding resistance of various ores. at; Butte and Superior; jails 
(After Lennoz) Portland mill feed, phonolite, syen- 
ite, breccia and some granite; very 


hard and tough; 12, British Colum- 

Comparative *ndi bia, Tonopah-Belmont Develop- 

alesis grinding ee ment Co.; 13, Tonopah-Belmont; 
number (4) resistance (6) | 16, Miami Copper Co.; 18, Gold- 
= field Consolidated, cyanide feed; 

28 1.33 1 20, Goldfield Consolidated, flotation 
12 1.16 6 feed; 22, Utah Copper Co.; 24, 
11 1.00 2 Homestake, unaltered ore; 26, Alas- 
44 0.94 8 ka Treadwell, schist; 28, Calumet 
36 0.92 18 and Hecla, jig tailing; 30, Nevada 
38 0.83 10 Consolidated, pit ore; 32, Ray 
7 0.81 3 Consolidated; 34, Humboldt mine, 
34 0.80 14 Smuggler Union; 36, New Cornelia 
13 0.80 13 Copper Co.; 38, [Liberty Bell; 40, 
18 0.79 4 Alaska Gold Mines Co.; 42, Calumet 
20 0.71 5 and Arizona, roaster ore; 44, Smug- 
52 0.71 9 gler Union; 46, Arizona Copper Co.; 
16 0.70 15 48, Phelps-Dodge, Morenci; 50, Cop- 
40 0.69 12 per Queen, mill feed; 52, Alaska 
24 0.63 16 Treadwell, quartz and schist. b 
46 0.63 17 Ratio of.average number of mesh 
30 0,61 22 tons (Art. 27) produced by 5- and 
48 0.53 21 by 10-min. grinding. (After Len- 
42 0.53 11 nox.) ¢€ Numerical order of increas- 
26 0.52 7 ing ‘‘grindability’’ of corresponding 
50 0.46 19 samples, as indicated by increasing 
22 0.38 23 amounts passing the 200-, 65- and 
32 0.37 20 20-mesh and decreasing amounts 


remaining on a 10-mesh screen in 


the products obtained by 5- and 
10-min. batch-crushing tests on a standard feed in a small ball mill, 


Such differences as do exist are more marked in grinding to’very fine sizes 
than in the coarser range. Thus Young’s work (68 A 126), summarized in 
Table 26, shows little difference in the amount of —48-mesh material produced 


Table 26. Effect of nature of feed on capacity of ball mill(a) 


Per cent of Per cent. — 200-mesh Per cent. — 48-mesh 
~ Material feed on 
13.33-mm. 
screen Feed Product Feed Product 
Quartzsite s... 5 44.5 1.4 24.4 6.9 66.5 
Drap:. 5 wars 44.7 2.4 32.9 5.3 67.0 
{ 


a Feed rate in both runs, 18 tons per 24 hr. Moisture, 36 per cent. 


from trap and quartzite under similar conditions, but does show a distinct 
difference in the amount of —200-mesh product. Hanson (120 P 17) classes 
Inspiration ore (which is the same as Miami ore, sample No. 16, Table 25) 
as a soft ore and warns that the capacities there attained in an 8 X 6-ft. grate 
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mill (475 tons per 24 hr. from 4.7 per cent. +1.5-in. to 0.6 per cent. on 48-mesh) 
are not to be expected on harder ores. 

Size of feed ranges in practice from 3- or 4-in. maximum size down to, 
say, 20-mesh (see Tables 4,5. and 11). For any given ball mill and ball charge 
there is probably a feed size that will give, in connection with the preceding 
crushers, maximum tonnage of a given desired size per horsepower-hour, but 
what this size is is rarely, if ever, worked out exhaustively in a plant. Too 
frequently it is not examined into at all, but the ball mill is set the task of 
handling a given feed whose size is determined by other and often less important 
considerations than the resulting efficiency of the mill. The problem is dodged 
so frequently on account of the difficulty of obtaining convincing evidence. 


The classic dissimilarity in practice lies between Miami Copprr Co. and INsprirATION. 
These are adjoining mines with similar ores that enter the coarse-crushing plant at about 
the same maximum size, viz.: 18-in., and are ground to substantially the same size (48-mesh) 
for flotation. At INsprraTion, crusher product, 3- or 4-in. maximum size, goes directly 
to 8 X 6-ft. grate mills; at Mramr 8-ft. X 36-in. conical mills are fed with — 34-in. roll 
product. Table 27, compiled from the booklet issued by Miamr Copper Co., at the time 


Table 27. Comparison of crushing and grinding at Miami and Inspiration, 1916 


| 
Miami Inspiration 
Grinding! mills used 2280070)... 2 UAE... of 8 @ 8-ft. X 30-in. 40 @8 X 6-ft. grate 
conical ball mills mills 
3 @ 8-ft. X 66-in. 
conical pebble mills 
1 @ 6-ft. X 22-in. 
conical ball mill 
Waals tonnnees otcoct ech ohh tous Sei es Ys 6000-7000 16,000—17,000 
Product, per cent. on 48-mesh............ 12.,5¢ Bel 
Power, weber per towenn wat este ene biel oibe 7.86 LOR27; 
Power, cost per kw.-hr. cents............ hel 0.7 
Power, cost per ton, actual, cents......... 8.63 7.18 
Power, cost per ton, comparative, cents (a) 8,63 11.30 
Labor to re-line, man-shifts.............. 6 48 
Labor, operation, mills per man.......... 10 4 
Supplies, ballas}iiie. > Filows Bue odes 2.07 lb. cast iron 1.79 lb. chrome 
@ 5¢ steel @ 6.5¢ 
PIR OS MILD Pisa aapete (ere Bs tayo Ka 0 par os Gaal eyo ys 0.1 lb. manganese steel |0.3 lb. manganese steel 
@ 15.6¢ and 1.15 lb. @ 11¢ 
cast iron @ 5¢ 
Sappliesteratesa ie Vsin. hoe Pei be None 0.47¢ per ton 
Total cost per ton coarse crushing and grind- 
GON ACTOR ED) (ete, esate arte ein bs ete See 20.7¢ 27.806 


a Reckoning Inspiration on the same basis as Miami, viz., 1.1¢ per kw.-hr. b With 
power cost raised as above this would be higher. c For April, 1917, grinding was to 3 
per cent. + 48-mesh. 


of the Arizona meeting of the A.I.M.E., 1916, and from a report of INSPIRATION opera- 
tions (102 J 678) and from miscellaneous notes, shows the essential results at the two mills. 
It indicates a distinct advantage either for the finer feed at Mrami or for the conical mill or 
both. The extreme in roll reduction prior to ball milling is found at Canapa Copper Corp., 
where roll crushing is carried to 10-mesh, followed by 2-stage ball milling to 100-mesh. 
At Encris (123 P 189) an 8 X 6-ft. Marcy mill and one 6 X 12-ft. tube mill in series 
handled — 2-in. feed to flotation size at the rate of 444 tons per 24 hr. Total power con- 
sumed was 377 hp. so that the tonnage ground per hp.-hr. was 0.049. With — 1-in. feed 
the ball mill followed by two tube mills in parallel handled 866 tons per 24 hr. with 519 hp. 
or 0.069 ton per hp.-hr. Not over 75 hp. would be required to break the + 1-in. material 
in this feed to — 1-in., which would make the tons per hp.-hr. from 2-in. 0.061 by the stage 
operation. At Consoriparep Arizona SmEvtine Co. (104 J 71) a 6-ft. cylindrical mill 
and a 6-ft. conical mill installed to grind to 8-mesh in open circuit utterly failed to deliver 
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the expected tonnage with —1.5-in. feed. Many 3-in. to 4-in. pebbles were discharged. 
Reducing feed to —1-in. increased tonnage considerably. Further decrease to —0.75-in. 
doubled the capacity over that on —1-in. feed. Lay (114 J 1123), commenting on the 
performance of the 5 X 4-ft. center-discharge mills at Le Ror No. 2 (see Table 4), says 
that further reduction of the primary-mill feed (— 1.5-in.) is clearly indicated. 

The present-day trend is toward finer initial feed to primary ball mills 
and toward stage ball or tube milling, except in the cases where limited tonnage 
will not justify the more elaborate equipment. 

Size of product is the most important factor m determining capacity 
of a ball mill. Tons per horsepower-hour, based on Tables 4, 5 and il average 
0.200 for mills delivering 8-mesh and coarser products, 0.146 for mills delivering 
at 10- to 20-mesh, 0.090 when grinding to between 28- and 48-mesh, and 
0.080 when grinding to 65-mesh and finer. 

Moisture. Changes in moisture content of the pulp in a ball mill affect 
its grinding capacity in several different ways and the net result is not invari- 


Table 28. Results of test of a 414-ft. X 16-in. ably susceptible of correct pre- 


conical ball mill, dry-grinding diction. The moisture content 
= affects the fluidity of the pulp 
Material Trap and also its transporting power. 
oe tons per 24,hr....4. 4. . i Perfectly dry rock, when ground 
Ballload, 34 30 13{4n, balis,1b| 4500 | Ne, is. surprisingly fluid, flows 
Power consumed, horsepower..... | 22 1 readily through a cylinder mill, 


and has great transporting 


power. Its fluidity is evidenced 
Weight, per cent. by the fact that it readily dis- 
Sy gape charges from a mill with hori- 
” Bol - en zontal axis; its high transporting 
power is illustrated by the large 
38.1 ee particles in the discharge (see 
Peat Lee ae Table 28). When the moisture 
13.3 1.6 2.3 content is between 8 and 15 per 
9.4 One 0.8 cent., or thereabouts, especially 
6.7 0.1 0.6 if the solid. contains clayey 
Satta all iste sd faite orsisyg 0.3 a é =f 
hk og Ri eee 0.5 matter, a stiff mud is formed 
DU Oe age le Ee ea 0.3 that cannot be forced through 
IG econeer nn ae 0.5 the mill and effectually prevents 
TES Se el eas eae ee 0.8 : : 
7 as haa a aa ion operation. With upwards of 20 
ic Omene ee 29 per cent. moisture, ordinary pulps 
ORAM eet). ee. 3.7 are sufficiently fluid to pass 
seo OS REISS He readily through the mill, the 
0.15 thE Thad. ay: 6.9 fluidity increasing with increase 
vat ee ee oe in moisture content. For a given 
UGA ee || Epab deca . moisture content the apparent 
PRESSE AMS 2028 ith ere wetness is greater bein 


1p 


the solid particles. In such wet 
pulps varying moisture content has different and somewhat contradictory 
effects on the performance of a mill. In the first place the transporting 
~power of the pulp increases with the decrease in moisture content (see Sec. 20, 
Art. 10), hence, all other things being equal, the thicker the pulp the larger 
the largest particles arriving at the discharge end of the mill. In the center- 
discharge types these coarse particles appear in the discharged products, but 
in a grate mill the thick, coarse pulp is held back by the grate. Hence from 
this one standpoint, a thick pulp will cause the production of large oversize 
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in a center-discharge mill, while in a grate mill it will result in reduction in 
the amount of coarse oversize. Conversely, increased dilution will produce 
a more granular discharge from a grate mill while it may result in increased 
fineness in the discharge from a center-discharge mill (see Table 29). 


Table 29. Effect of moisture on ball-mill crushing (58 A 126) 


— 200-mesh — 65-mesh 
Moisture, Horse- 
per cent. power Tons pro- Tons pro- 
Per cent. in duced per Per cent. in duced per 
product horsepower- product | horsepower- 
hour hour 

0 19.2 15.4 0.0055 37.6 0.0127 

18.8 cad. 14.6 0.0056 34.4 0.0124 

25.0 Tif fA 20.4 0.0080 43.8 0.0164 

38.5 it 21.6 0.0086 48.9 0.0185 

51.8 19.3 26.2 0.0096 58.2 0.0206 

68.2 20.1 26-1 0.0092 60.0 0.0204 


At AsTURIANA DE Minas (115 J 396) when a 4.9-ft. (diam.) conical mill with 2-ton 
ball load was fed with — 2-in. feed at the rate of 50 tons per 24 hr., the product with 30 
per cent. moisture in the mill contained 1 per cent. +2-mm., 83 per cent. — 40-mesh, and 
17 per cent. — 200-mesh; while with 50 per cent. moisture the corresponding quantities 
were trace, 92 and 28 per cent. The experimenter found that increase im moisture to 
80 per cent. caused further increase in fineness of discharge and that progressive thickening 
below 30 per cent. moisture caused production of a progressively coarser product until grind- 
ing ceased altogether. At CatTemu (123 P 886) a 414-ft. X 16-in. conical mill (see Table 11) 
was operated at from 20 to 60 per cent. moisture. The best results were obtained at about 
35 per cent. with soft, clayey ore and 30 per cent. with hard, compact ore. When moisture 
dropped below 30 per cent. the mill discharged much coarse material. 


From another standpoint thick pulp will tend to increase the tonnage of 
fine material produced in both types of mill. This follows from a consideration 
of the behavior of thick and of dilute pulps at the ball surfaces. With a thick 
pulp all of the balls in the mill are coated with a layer of solid all the time, 
whether they are above or below the general pulp level in the mill, and, 
therefore, every impact and every relative movement of balls in contact 
will result in crushing, provided only that the balls are heavy enough. With 
dilute pulp, on the other hand, the balls above the general pulp surface are 
substantially free of pulp and little grinding takes place in this part of the 
load; also the concentration of solid per unit of volume is less below the 
pulp surface, and hence the crushing done for any given relative ball move- 
ment tends to be less. On the other side of this picture, however, is the fact 
that the cushioning effect of dilute pulps is not so great as that of thick pulps 
and hence the loss in momentum of falling balls after striking the pulp surface 
is not so great in dilute pulps. Finally, the volume of pulp corresponding 
to a given tonnage of solid matter is greater for dilute than for thick pulps 
and with equal tonnages of solid passing through the mill the rate of passage 
is higher with the dilute pulp and less opportunities to be crushed are, there- 
fore, afforded. The usual result of this combination of effects is to increase 
the tonnage of fine-material produced by decreasing the moisture content and 
simultaneously increasing the tonnage of solid passed through the mill. The 
point of maximum grinding efficiency (maximum tonnage of desired product 
per mill per day) is found in most cases to lie between 25 and 35 per cent, 
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moisture for coarse feeds (0.5 in. maximum and upwards) and between 30 and 
50 per cent. moisture for finer feeds. Table 30 (66 A 105) shows in detail 
results in accord with this conclusion. Table 29 (68 A 126) shows the less 
common but nevertheless not exceptional case. Table 29 shows also that 
the power consumption per mill is higher with high moisture content than 
with low. Thick pulp crowds the ball charge toward the mill axis and lessens 
the lever arm of the load. 


Table 30. Effect of moisture content on performance of conical ball mill. (After 
Delano and Rabling) 


Tons solid feed per 24 hr.......... 240 190 
Moisture, Der. Cent.n.: nce =e <i oa tes 65.8 48.1 
Horsepower consumed............ 51.6 51.6 
Tons — 10-mesh product.......... 216 181 
Tons — 10-mesh product per horse- 
DOWET-NOWM sacha ce aickwens sass hes 0.174 0.146 
Per cent. — 150-mesh in — 10-mesh 
| PROG Pi eee RRP ea 23.8 33.4 
Weight, per cent. 
Screen aperture, 
Tyler mesh 
Average feed Products. 
3 ee aoe RE 8 Se Ihe ee 
4 11.9 tree eas 2 ee 
6 Wan) Pee 0.3 
8 26.0 3.8 1.0 
16 24.7 7.8 3.5 
14 12.4 8.8 5.2 
20 4.3 9.0 7.0 
QS PIB Se woe ok ve Cleat 9:7 9.3 
Be a ener er oe 7.8 8.3 
FAs lla 4 iene geeearaes El ee Ga 7.9 
GDh SEMA S GEE 2. a atEEE, & 6.0 s ford | 
POOR tas LA elk JAA 8.3 8.0 
150s sag pllcancttesr fiatain- 8.0 19.6 
| ee Baeiee eee | Oe ales 3.9 5.3 
— 2 CPs ate arte. eee oc ny e859 26.5 


In most cases water is added to the mill to bring pulp to the proper con- 
sistency. Commonly this water is necessary to make the classifier-sand return 
flow in the launder. Dowsett (108 J 185) recommends that, in conical mills 
at least, as much of the new water as possible be added from the discharge 
end about 114 to 2 ft. back in the discharge cone. This increases the fluidity 
of the pulp in this part of the mill and lessens discharge of oversize. 

Wet vs. dry grinding. All wet-concentrating mills grind wet but many 
industrial plants grind dry. Capacity, power consumption, and ball (or 
pebble) and liner wear are greater in wet than in dry grinding. Wet grinding 
permits more efficient closed-circuit work for all fine sizes (less than 10-mesh) 
than dry and has the added advantage that it eliminates dust troubles. 
Hardinge (114 J 935) limits the capacity increase in wet grinding to 15 to 
25 per cent. and states that pebble and liner wear are less than half as great 
in dry grinding, and capital cost. less, but even so believes that wet grinding 
is cheaper on account of the greater efficiency of the wet closed circuit. 

Liners with rough surfaces produce more tumbling action of balls 
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than smooth-surfaced liners and therefore are better for coarse and inter- 
mediate grinding; but for finest grinding, experience shows that smooth liners 
are best. Rough-surfaced liners can be run at lower speed, to produce a given 
amount of tumbling, and, although for a given speed they require more power 
roe smooth liners, yet the power consumed for a given amount of tumbling 
is less. 

Size of balls should be proportioned to the work to be done, 2.€., the size 
of particle that must be broken and the size of product desired. Large and 
hard particles are best broken by impact, hence coarse feeds and hard ores 
require larger balls than finer feeds and softer ore. But impact is a function 
both of the weight of the falling body and the distance through which it 
falls, so with mills of large diameter or with high mill speeds and consequent 
free parabolic fall, balls need not be as large as with the reverse conditions. 
The usual maximum size is 5-in., but 6- and even 7-in. balls have been used 
in a few places. 


At AvasKxa-JuNEAU 5-in. balls failed to crush the ore, but 7-in. balls succeeded (120 
P17). At Caremu (123 P 886) a 414-ft. &* 16-in. conical mill was used to crush — 1.5-in. 
feed (see Table 11). Increase in size of balls from 4-in. maximum to 514-in. decreased the 
amount of coarse material discharged but did not increase capacity to 12 per cent. +80- 
mesh. With feed coarser than 0.75-in. common practice is to feed nothing smaller than 
5-in. balls, and at some plants all balls smaller than 3-in. are removed from the mill periodic- 
ally. At SaHarruck Arizona (110 J 760) balls smaller than 2-in. are removed when possible. 
At TimpBer Burrs all balls smaller than 3-in. are sorted out. 


Balls smaller than 1-in. tend to discharge automatically from non-grate 
mills when the pulp is thick and the ball load is kept well up to the center of 
the mill. Removal of small balls is based on the reasoning that a large 
particle is just as likely to be struck by a small ball as by a large, and that if 
the small ball is unable to crush it the blow is wasted, hence there should be 
no ball present that is incapable of crushing the largest particle in the feed. 
With feeds finer than 0.75-in. the maximum size of ball may be less than in the 
above instances. Davis (61 A 255) tested for the proper size of ball for 
—0.25-in. feed. His tests (see Table 31) indicate that on such feed a mixture 
of 22- and 2-in. balls is superior to a mixture of 5-, 4-, 3- and 2!%-in. balls 
both in tons of —200-mesh material produced per 24 hr. and per hp.-hr. 
The test also indicates that heaping up of one or two sizes in the classifier 
sands, such as at 48- and 100-mesh in the test with large balls, signifies im- 
proper operation from one cause or another, while more regular size dis- 
tribution of the sands signifies proper operation. This conclusion is con- 
firmed by the tests presented in Table 36 from which Davis draws the further 
conclusions that if heaping occurs in the coarser sizes the balls are too small 
or the mill speed too low, or both, while if heaping occurs in the finer sizes 
the balls are too large or mill speed too high, or both. The effect of small 
change in ball size is clearly shown in comparing tests 8 and 9 of Table 36. 
The average size of ball in test 8 was 214-in. 

Reasoning along the line that the amount of crushing done is in proportion 
to the number of crushing blows struck, then the smaller the balls the more 
the crushing, provided each ball is large enough to strike a crushing blow. 
From another viewpoint, if the amount of crushing done is proportional 
to the effective crushing surface, then the smaller the balls the greater the 
surface for a given weight of charge, provided again that the balls are heavy 
enough to provide effective crushing surface. This conclusion seems to be 


borne out in practice. 
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Table 31. Comparison of performance of large and small balls in 8-ft. X 22-in. 
conical mill. (After Davis) 


Large balls Small balls 
Feed rate, tons per 24 hr... 2.2.2.0... 5000. 259 302 
(QUOC Ten By eg np tee Rare bis Bre ies ara oc Drag Dorr 
Ballioad, [baa sarnatsivetineh seer askh ooh os 28,000 28,000 
Cir CrOMID alla wiles vag soko oe aia uy see ae 5, 443,214 23,12 
SCE CMMI RIL crear teeta. siniete cbetetacoMetygchsis tare 23.8 23.8 
Horsepower consumed... . 2... eee eee ee. 146 145 
Moisture in feed, per cent............-.-.-5 40 40 
Circulating load, tons per 24hr,,.........-. | 960 648 
Tons —200-mesh per 24 DT... ee seb eae 151 194 
Tons — 200-mesh per horsepower-hour...... 0.043 0.057 
Weight, per cent Weight, per cent. 
Sizing test, screen, mesh Origin Olas Clas- Orig Glas. Clas- 
nal sifier sifier nal sifier sifier 
feed | sand | °Y®T | feed | sand | OV 
flow flow 
4 DO TOM He Re a alee 47.89), LORS My. aba 
8 32.0 OyaT ls area 19.1 9... Biles cats 
14 14.6 alse sae 10.2 9.9 |. oer 
28 O: Gel! EP o: bee 6.0: | U4 aa eee 
48 Or Geir ol: 205 aedents Saou | Lok eae 
100 4.1 /986 56 C115 2.6 | 19.8 8.6 
200 3.9 7<5,), 20.8 2.4 | 10,1 | 18.7 
300 dt 4.2 | 10.8 15 234.4, 1208 
— 300 8.4 4.1 | 56.8 7.0) 5.5 | 5oLs8 


Delano and Rabling (66 A 106), crushing —9+2-mm. feed through 10-mesh in a 
conical ball mill, found highest capacity and lowest slime production with the largest 
proportion of 5-in. balls in the mill. At Miamr Copprr Co. in 8-ft. X 22-in. conical mills 
with 14,000- to 15,000-lb. load, taking a feed containing 2 per cent. on 3-mesh, a ball charge 
consisting originally of 4000 lb. of 4-in. and 10,000 lb. of 2-in. balls, with 4-in. balls fed 
daily, discharged a product containing 24 
per cent. more +48-mesh material than the 
discharge from a parallel mill with 2-in. ball 
charge, but otherwise operating identically. 


Table 32. Sizing test of ball charge in 8-ft. 
X 22-in. conical millat Miami. (After Davis) 


Diameter, inches Weight, per cent. Actual size of balls in an operating 
2.0to1.8 O75 mill is, of course, quite different from 
1.8 to 1.6 21.0 the original charge and from the daily 
1.4 to 1.2 12.8 
Tete: tea) 9.0 Table 32 shows the size distribution in 
1.0 to 0.8 5.8 the charge from an 8-ft. X 22-in. conical 
0.8 to 0.6 3.4 mill at Mrami originally charged with 14,800 
0.6 to 0.4 1.9 Ib. of 2-in. balls and kept up by the addition 
Below 0.4 0.9 of 400 lb. of 2-in. balls daily. Table 33 

shows the charge ina6 X 6-ft. dry-crushing 


cylindrical mill at GotpEn Cycrie after 694 
hr. operation with a charge of about 6500 Ib. of balls, originally 5%-in., with daily ad- 
dition of 5!-in. balls and periodic removal of all less than 3-in. 


Shape of grinding medium. Most operators have noticed the flattened 
shapes assumed by the worn balls in a ball mill, and, reasoning therefrom 
that the greater efficiency of an established mill as compared to one newly 
started is due to the non-spherical shape of the old balls, have advocated the 
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use of such shapes as cones, single and base-to-base; cubes, disks, short cylin- 
ders, dished balls, etc. The intent in every case is to increase the area of 
contact between the crushing media and thereby increase, particularly, 
abrasion. Detailed experimental data are lacking. 


Police (116 J 553) says that double pyramids proved best in cylindrical mills, that 
cubes were highly efficient for very hard and abrasive material, that single cones were better 
than spheres for conical mills, and that, in a rod mill, short rods were better than long. 
Feust (116 J 553) recommends disks. Hard- eS en E 
inge (116 J 641) has experimented with the Table 33: Sizing test of ball charge in 6 X 
disk in sliming. Cubes have been tried at 6-ft. cylindrical ball mill at Golden Cycle, 
several plants (Chino, Nacozari, and others) dry-crushing. (After Davis) 
but results have not been published. Mac- 
Donald (118 J 446) infers that results with Diameter, inches Weight, per cent. 
cubes have been superior to those with rods 
in grinding to 48-mesh. Failing definite 
experimental evidence to the contrary, the 
moving pictures of Haultain and Dyer (25 
CMI 651) would seem to point directly to 
the conclusion that balls or short cylinders, 
which in the rising mass of the load most 
readily assume rotary movement around 
their own axes are, therefore, most active 
within the load and the most efficient shapes 
for fine feeds. The conical and cubical shapes 
should be carried higher in the mill at a 
given speed and, therefore, cause more 
active cascading and more free parabolic 
fall and so might do more impact crushing 
than the sphere, which would be an ad- 
vantage with coarser feeds. Scobey (110 J 11) tells of the trial of mill scrap, such as 6-in. 
lengths of 4-in. shafting, necks of stamp shoes, ete., as substitutes for balls in a 6-ft. 
conical mill running in parallel with gravity stamps. Capacity fell off badly. Hrtiprss, 
made of heavy steel wire coiled in the form of a helix 114 in. long and 34 in. external diam- 
eter and afterward hardened, have been used in English cement plants as a substitute for 
balls and pebbles. Weightis1.250z.each (109 J 202). They give large crushing surface 
for little weight, but in the absence of conclusive data showing efficient performance are 
not to be recommended. 
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Weight of charge. The usual weight is such that the struck volume of 
the load is between 30 and 50 per cent. of the mill volume. 


Davis (61 A 284) recommends a load between 25 and 50 per cent. of the mill volume, 
stating that with a load of more than 60 per cent., interference in the falling zone is exces- 
sive, while with a load of less than 20 per cent., slip is excessive. Hines (59 A 249) says 
that maximum crushing per unit of power is attained with ball loads of about 33 per cent. 
of mill volume. At Miami Copper Co. when the change was made from pebble to bali 
charges the power installed was insufficient to run the 8-ft. X 22-in. conical mills with full 
ball load (30,000 lb.) and but 15,000 lb. were charged. In tests against a 614-ft. (inside) 
by 42-in. conical mill (made by lagging an 8-ft. X 22-in. mill), charged with 26,000-lb. balls, 
the smaller mill did slightly better work in open circuit but not such good work in closed cir- 
cuit. Comparative efficiencies (Stadler method) were 100 and 92. Liner consumption was 
much less in the small mill but ball consumption was about the same in both. At AsTvu- 
RIANA DE Minas (115 J 395) comparative tests were run with charges of different weights 
(see Table 34). The product of the lighter charge contained 17 per cent. +40-mesh against 
14 per cent. from the heavier charge, but fine material was produced at a much higher 
rate per unit of power with the lighter charge. Table 35, showing the effect of smaller 
percentage variations in weight of load, shows lower ball consumption with the smaller 
ball load, but while the trend of the grinding data is the same as at AsTuRIANA, the details 
are not wholly consistent. Truscott’s recommendation that the load for coarse feed should 
be less than that for fine is out of line with these results. Young’s experiments (58 A 126) 
indicate that increase in ball load causes a decrease in the power consumed per ton of load 
(see Fig. 16) and a finer product, from which facts the conclusion is that the maximum 
load that a mill will carry is best. It is to be noted, however, that at Catmmu (123 P 888) 
it was found impossible to introduce feed into a 5 X 4-ft. grate mill with ball-load up to 
the axis. 
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Table 34. Effect of weight of ball charge on product of a 4.9-ft. (diameter) conical 
ball mill. (After Barcena y Diaz) 


Weight of ball charge, lb... saree 
Power, consumed, Bp... -m..e ene eon 


wo re 7000 4000 
eS a a 32 24 


Screen analyses; weight, per cent. 


Aperture Feed Product Product 
2-mm. 60 2 1 
1-mm. Pe See 5 6 

40-mesh 26 ide 10 
100-mesh 5 38 44 
200-mesh 5 27 22 

— 200-mesh 4 21 Wee 


— 2-mm. 
— 40-mesh 
— 200-mesh 


a Feed —2-in. 6 Average feed rate, 60 tons per 24 hr. 


Speed depends primarily upon the size of feed and diameter of mill. Move- 
ment of balls in a properly operated mill is indicated by the moving pictures 
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0 2000 4000 6000 8000 10000 12000 
Total load in mill, pounds 


Fie. 16.—Variation in horsepower 
with weight of ball load. Conical 
mill, 44-ft.  16-in. 


of Haultain and Dyer (25 CMI 651) to 
consist of two distinct varieties of motion: 
(1) rotation around their own axes parallel 
to the mill axis, (2) cascading or free-fall- 
ing. Fig, 17 represents the action in a 


SS 

@ SSS 

Fie. 17.—Diagram of ball action in a prop- 

erly-operated coarse-crushing ball mill (afler 
Haultain and Dyer). 


mill operating at proper speed for crush- 
ing coarse feed. In the lower part of the 
mill balis are in layers concentric with the 
mill shell. The layer in contact with the 
shell itself is moving at substantially 
the same rate as the shell; the rougher 


the mill lining the less the slip. Any ball in this layer, between lines a—a and 
b-b, is subject to two sets of forces, one applied at the point of contact with 
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the mill shell, in a direction tangent to the shell and (in Fig. 17) counter- 
clockwise, the other applied on the opposite side of the ball and oppositely 
directed. This pair of forces acting on any one ball constitutes a couple and, 
since the ball is constrained by contact with the shell and with its neighbors, 
it rotates around an axis perpendicuiar to the plane of the couple, 7.¢., parallel 
to the mill axis. The balls in the adjacent layer are similarly acted upon and 
similarly rotate and every ball in the zone between a—a and b-b has similar 
rotation under the action of similar couples. This motion of individual balls 
is shown in Fig. 18. The result is grinding by abrasion. In the zone from 
b-b to a-a, reckoning counterclockwise, in a mill properly 

operating on coarse feed, there is substantial free fall of @ 

balls out of contact with each other and no grinding or OA 
breaking action whatever. At the surface c-c there is ‘@> es 
crushing by impact between the falling balls and the balls @s 

below this surface, which are supported by the mill shell. 

In the zone a-a, c-c, d-d, there is most intense and turbu- F16- 18.—Action of 
lent motion, appearing, in the moving pictures, to consist CTUshing bodies in 
of violent tumbling in the region above the heavy dotted ae ae adjacems 
; ; ; o the shell of a 
line and rapid shear of the mass along the dotted line cylanlon ale 
with the portion of the balls below the line moving 

rapidly with the mill shell and those above appearing, as a mass, to be sta- 
tionary, although each individual in this mass is in rapid movement with 
respect to its neighbors. Haultain and Dyer describe the zone a-a, c—c, d-d 
as the ‘“‘ron’”’; it is apparently the most active region in the mill and the 
place where the most grinding is done. 

Hines (59 A 249) takes the view that substantially all the crushing is done 
by impact, that abrasion is unimportant, and that there is substantially no 
rotation of the balls, but the moving pictures are practically conclusive on this 
point, and the effectiveness of fine-grinding mills at speeds far below those 
necessary for parabolic fall points to abrasion as a dominant factor in fine 
crushing. 

If a mill is operated at a sufficiently high speed, all of the balls will cling in 
concentric layers within the shell and there will, of course, be no crushing. 
The speed at which cling of the outer layer just occurs is given by Davis 
(61 A 266) as N = 54.19/+/r, where N = r.p.m. andr = the radius inside the 
shell in feet. Usual speeds in the mills range from 60 to 80 per cent. of this 
figure. 

Davis (61 A 257) shows that the speed of a mill is closely related to the 
size of balls and that proper correlation is indicated by the sizing test of 
the return sands from the mill classifier, His tests are summarized in Table 36. 
With any given size of ball, increase in speed results in decrease of coarse 
material in the classifier sands, 7.e., in increased crushing of the coarser part 
ef the mill feed. This fact appears in each of the three series of tests sum- 
marized (1 to 3 incl.; 4 to 6 incl.; and 7 to 8), but it is most striking in the third 
series. According to Davis, if speed is too low, the ball size being right for 
the feed, there is heaping up of material in the coarser sizes of classifier sand; 
if too high, heaping up in the finer sizes. 

Haultain and Dyer (25 CMI 651) show that the fine material in the pulp 
in the mill segregates against the shell at high mill speeds and at the inactive 
spot near the center of the load at low speeds. The speed of best dispersion 
is considerably below that of parabolic fall of balls. For fine grinding the best 
speed will be that at which dispersion is best. 
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Reduction in speed is one of the most important advances in ball-mill 
practice. Originally 8-ft. mills were run at 22 to 26 r.p.m. Reduction to 15 
or 16 r.p.m. resulted in decreasing power consumption by 25 to 33 per cent., 
substantially halving ball wear, and markedly decreasing liner wear, without 
changing capacity to any appreciable extent. 


Pennick (120 P 459) recommends that the speed be made dependent on the size of 
product desired and suggests 375 to 400 ft. per min. peripheral speed (in an 8-ft. mill) 
for 48-mesh product and 550 to 625 ft. per min. for 8-mesh product. Wiggin (69 A 245) 
says that reducing the speed of the 714-ft. X 72-in. conical mill at ANAconpa from 23 to 15 
r.p.m. reduced power consumption from 215 to 140 hp. and ball consumption from 4.5 
to 3.25 lb. per ton crushed, while feed rate and size of product were substantially unchanged. 
A similar result is reported at Asrurrana DE Minas (115 J 395). A 4.9-ft. conical mill 
drew 40 hp. at 34 r.p.m. and 32 hp. at 30 r.p.m. Decrease in speed produced no appreciable 
difference in product with the mill crushing 60 tons per 24 hr. of —2-in. feed. See also 
Table 11, Anaconpa, 714-f[t. X 72-in. and Consou. Ariz. SMELTING Co., 8-ft. X 36-in. 
mills. Dowsett (108 J 185) says that at Buursrons Mrnine anp Smevtine Co., where 
it was possible, by means of a water rheostat to control mill speed very closely, variations 
of as little as 14 to 14 r.p.m. made marked difference in capacity. At Mramr results in 
closed-circuit grinding in underloaded 8-ft. X 22-in. conical mills was slightly improved 
by decreasing the speed and increasing the ball load from 15,000 lb. to an amount that 
held the power at the same figure as with the higher speed and lighter load. At AMERICAN 
Grapuite Co. (120 P 69) lack of crushing in a 6-ft. X 22-in. conical mill, due to the 
lubricating character of the feed, was remedied by increasing the speed. At Nrevapa Cons. 
Cop. Co. an 8-ft. & 30-in. conical ball mill with 30,000-Ib. ball charge drew 130-hp. at 28 r.p.m. 
and made a product containing 8 per cent. on 48-mesh; at 2414 r.p.m. it ground 451 tons of 
—6-mesh feed per 24 hr. to 19.8 per cent. +48-mesh with an expenditure of 115.1 hp.; the 
same size mill at 17 r.p.m. ground 494 tons per 24 hr. from 18.6 per cent. + 1-in. to 5.2 per 
cent. +48-mesh, with the consumption of 109 hp. and at a cost of $0.059 per ton. 


Shape of mill. The diameter of a ball mill is principally determined by 
the size of the largest particles to be crushed, while the length is, to a consider- 
able extent, dependent upon the size of product desired. Diameter of mill, 
size of balls and speed together determine the force of the crushing blows. 
With balls of the usual size (5-in. maximum) a mill run at a speed to permit 
some free parabolic fall should be at least 3 ft. diameter for particles up to 
0.5-in. in size, 5 to 6 ft. diameter for particles of 1-in. size and 8 ft. for 2- to 4-in. 
particles. The amount of coarse oversize in the discharge will be materially 
lessened if a mill of more than the minimum diameters given is used for any 
given size of material. Increase in length increases the amount of fine material 
produced in a single pass, but since power consumption aiso increases with 
increased length the amount of such material produced per horsepower-hour 
does not necessarily increase. 

Table 37 shows the results of a test on a 414-ft. mill with three different lengths of 
cylindrical section. With the feed rate constant, the tonnage of —200-mesh material 
produced per hp.-hr. shows a maximum with 32-in. cylinder, while the amount of — 65-mesh 
per hp.-hr. is a maximum at 16-in. Tables 84 and 86, showing the performance of 8-ft. x 
22-in. and 8-ft. * 66-in. conical ball mills at Miamr Copper Co., indicate that the shorter 
mill is the more efficient in producing both —48-mesh and —100-mesh material. It is 
to be noted, however, that the longer mill was in re-grinding service, with the harder feed, 


and that it was making the finer product. These tests and practical experience both 
show that the finer the product desired the longer the mill necessary and that an excessive 


increase in mill length reduces mill efficiency. 


The usual ratio of diameter to length in modern cylindrical mills ranges 
from 1 to 1.6, the greater ratio corresponding to the coarser product. Coni- 
cal mills have a ratio of diameter to length of cylindrical section varying 
usually between the limits of 2.5 and 4.3. In closed-circuit grinding a 
small deficiency in either length or diameter can be overcome by increase in 
the amount of circulating load. For this reason mills of smaller diameter 
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than otherwise can be used for coarse feed and mills of smaller length than 
otherwise to produce fine products. But this does not alter the fact that 
wrong proportions will not give the most economical operation. 


Table 87. Effect of length of cylindrical section on performance of conical ball mill 


(88 A 126) 
| Product 
Length of Ball — 200-mesh — 65-mesh 
ees charge, Horsepower 
tnshes poets Tons pro- Tons pro- 
Per cent. | duced per | Per cent. duced per 
weight horsepower- weight horsepower- 
hour hour 
16 1412 13.7 Bs ee 0.0072 35.4 | 0.0194 
32 5167 26.6 27.5 0.0078 61.2 0.0173 
48 6654 33.5 29.2 0.0065 65.4 0.0147 


| 
' 


Mill, 444-ft. nominal diameter. Moisture, @ 40 per cent.; feed rate, 18 tons per 24 hr. 


Slope. In the early days of ball-milling the mills, particularly conical 
mills, were set with the axis slightly sloping toward the discharge end. The 
purpose served was to produce a more granular product than could be made 
with the axis horizontal, all other conditions being the same. 


Table 38 presents the results of a test with three different slopes. It would appear to 
show the most granular product at the intermediate slope, but the moisture content of the 


Table 38. Effect of slope on performance of 419-ft. X 16-in. conical ball mill (a) 
| } } 


Slepe, in. in mill length... ............ | 0 1,525 | 2.62 
Moisture, per cent — 36.5 31.7 38.95 
Weight of ball load, Ib. (5, 4 and 3-in.).. 4264 3550 2819 
PIUISGNGWOlee ce oes ee ee ee ee | 20.1 20.1 17.7 
Gaursose PROGuGGss we ncn sete es f 0.2 per cent. 0.2 per cent. | 0.1 per cent. 
| (on 6.68-mm,. | on 6.6S-mm. | on 9.42-mm. 
Per cent. — 65-mesh in product. ........ 55.2 | 46.7 / 48.9 
Per cent. — 200-mesh in product........ 24.4 19.5 21.6 
Average size of product, mm........... 0.246 0.316 | 0.288 


a Feed, 1S tons per 24 hr., 0.7 per cent. on 1.Sin. 


pulp in this test was considerably lower than in the last test and since other tests in the 
series indicated that fineness of product increased with increase in pulp moisture (see 
Table 29), it is probable that higher moisture would have placed the second test inter- 
mediate in results between the two others. 


Mills are rarely sloped in present-day practice, due to the fact that the 
same result can ordinarily be obtained by regulation of the classifier and the 
feed rate and that sloping causes undue thrust on trunnion bearings, difficulty 
in countershaft alignment, and excessive wear of gears. 

Grate opening may be made to control capacity and the amount of over- 
size in the mill product. Fig. 19 (69 A 249) shows the result of change in 
this factor on tonnage and size of product when all other conditions of opera- 
tion were kept constant. It is better, however, to use a grate with large 
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openings and depend on outside control of product size. This is especially 
true when the changed result desired is one that would call for a smaller 
grate opening. The grate is not 
intended to be a sizing device and 
should not be used for one. 90 

Power consumption. (Sec also 


es 
2 2 80 
Art. 6.) Figures from practice 2 ! S 
are given in Tables 4, 5 and 11. 370 Feit 
Power consumption increases with & 
: 5 5 os 60 = 
increase in ball load until the load = -2 
reaches a point at orslightly above $ 50 g 
the axis, after which further load- 2 ,, S 
. - oe 
ing may result in decrease of 2 
power (see Fig. 16). 2 30 
At the Quincy mill an 8-ft. K 36-in. 6 20 
conical mill taking 350 tons of feed per 
24 hr. in open circuit consumed 128 hp. 10 
at 28 r.p.m. with 20,000 lb. of balls 9 
(actually 134-in. drill-steel scrap in 4 3 4 6 8 10 14 20 28 35 48 65 100 150200 


to 6-in. lengths) or 12.8 hp. per ton. 
With 31,000 lb. of balls, power con- Mesh-(Tyler standard) 


sumption was 12.4 h er ton, and ==: : ; 
ae ioe We 1 a ad pe oa Fie. 19.—Effect ee ee ball-mill 
18 r.p.m. and 20,000 Ib. of balls, con- : 

sumption was 8 hp. per ton and at 20 r-p.m. and 32,000 lb. of balls, 7.6 hp. per ton. 

Power consumption is higher with thin pulp than with thick because 
of segregation of balls near the periphery of the mill and consequent displace- 
ment of the center of gravity of the total load toward the periphery. 

Power consumption increases with increase in speed within operating 
limits. (See “Speed” p. 402.) 

Power with rough liners is more than with smooth, is greater per pound of 
ball load with large mills than with small, and is greater with balls of mixed 
sizes than with balls of one size only. 

Power consumed per ton of ball load is somewhat different with different 
types of mills, The range with conical mills is from 6.2 hp. per ton of load 

to 15, average 10.2 hp. 
Table 39. Pulp temperatures in ball mills at Nevada With simple trunnion 
Consolidated Copper Co. mills the corresponding 


| | figures are 11.2, 18.9 and 
Temperature | Temperature! J, crease 14.1 hp. (excluding two 
Mill number | a Sep seein y degrees C. | mills whose length is twice 
epeihivicinan) teres Or wale sabe te the diameter, or more). 
1 25 35.5 10.5 With grate mills the fig- 
f oA a : ures are 7.2, 21.8 and 13.8 

4 26 39 13 hp. 
5 26 37 11 Much of the power 
| 6 | bal 49 22 consumed in ball milling 
7 a be as is transformed into heat 
i | 18 40 29 and becomes apparent in 
Average | 24 40.3 16.3 rise of temperature of the 
pulp in passing through 


the mill. (See Table 39.) 


The amount of temperature rise is proportional to the percentage of solids in the pulp. 
Occasionally, in the Nevapa Consoripatep mills, when the percentage of solids rises to 
between 75 and 80, the temperature rises to 50° C. 


408 FINE GRINDING Sec. 4. 


Selection of a ball mill. Hines (59 A 249) suggests an ingenious method 
for choosing a ball mill for a given service. After making a reliable deter- 
mination (or the best possible estimate) of the tons per horsepower-hour to 
be expected in grinding from the given feed size to the desired size of product, 
divide this figure into the hourly tonnage to get the power requirement, 
then choose a mill of such size that, with the proper volume of balls, the 
power rating will correspond. 

Example. Desired a ball mill to grind from 2-in. to 8-mesh. at the rate of 5 tons per hr. 
From p. 396 the average ‘‘ Tons per hp.-hr.”’ grinding from 2- or 3-in. to 6- or 8-mesh is 0.200. 
The power required is therefore 5/0.200 = 25 hp. This corresponds to a load of 3600 lb. 
of balls in a grate mill or 4900 lb. in a conical mill. The corresponding mill sizes (Tables 
10 and 11) are a 5-ft. X 22-in. conical and 4 X 5-ft. or 5 X 4-ft. grate mill. With coarse 
feed the mills of larger diameter are the better. According to Tables 16 and 17, either 
of the 5-ft. mills would do the work, if the rock was not exceptionally hard and tough. 

Another method of attack is to take the weight of charge in the mill at, say, 300 lb. 
per cu. ft. and ball charge as occupying, say, 40 per cent. of mill volume inside of grates 
and liners. Then the desired mill volume is 3600/30(0.40) = 30 cu. ft. Since at least 
a 5-ft. mill is needed for 2-in. feed, the cross-sectional area inside the liners will be about 
15 sq. ft. and the least required length 2 ft. The 5 X 4-ft. mill has somewhat in excess of 
the required volume, inside grates and liners. Care should be taken not to choose a mill 
too large for the duty required, since such a mill over-grinds, wastes power, and steel con- 
sumption is excessive. If, however, this condition must be met, power and steel con- 
sumption can be reduced by reducing speed and ball ioad. 


Operating ball mills. Tonnage, size of feed, moisture content, and ball 
load must be kept as nearly constant as possible, if maximum efficiency of 
operation is to be attained. A moisture flask (see Sec. 22, Art. 23) and an 
ammeter on the driving motor are useful aids. The ammeter will indicate 
relatively small changes in tonnage or ball load and is sensitive also to some- 
what larger changes in moisture content. If the ball load is below the mill 
axis, a drop in the ammeter reading means decrease in ball load, increase 
in feed tonnage or decrease in moisture. In starting a new mill, run empty 
for some time to make sure that all is right mechanically, then stop and 
charge in the grinding media with plenty of ore, preferably fine, to act as a 
cushion and prevent excessive hammering of the lining when the mill starts. 
Hammering will start leaks in the liner bolts and with cast balls or lining 
may cause breakage. 

The following difficulties encountered in operation at ALASKA-JUNBEAU (122 P 633) were 
all due to structural defects, which should be guarded against in designing. The feed 
trunnions were too long and the diameter too small for coarse feed. The feed scoop was 
too small. The discharge bell had too little flare so that grit worked back into the dis- 
charge-end bearing. The clutch pulley on the pinion shaft slipped and had to be replaced 
by a keyed pulley with belts and motor sufficiently large to start the load. The floor space 
allowed was too small for convenient repairing. The crane carriage did not extend over the 
feed end, hence scoop changes had to be made with hand tackle. Other frequent faults 
of construction that cause operating difficulties are: Lack of sufficient slope in feed aad 


discharge launders (see Sec. 20, Art. 10) and failure to provide convenient methods for har- 
dling dumped loads, whether from mill or classifier, back into the circuit. 


Arrangement of ball mill and mechanical classifier in closed circuit. 
The important points to be observed are launder slopes, protection of motors 
and gears against splash, adequate protection of operators, particularly from 
feed scoop and gears, and clearance around the mill for handling liners. 

When open-trunnion mills are operating in closed circuit with a classifier, 
provision should be made to divert wood chips and worn balls from the 
classifier. This may be done by placing a flat stationary screen over the 
mill-discharge box (in which case the screen must be cleaned periodically 


by an attendant) or a revolving screen may be placed on the end of the dis- 
charge spout. 


Aft. 3. DALI Mills vs. OLHER INTERMEDIATE GRINDERS 402 


Cost of ball milling. At McIntyrn-Porcurine the average for the 15 months ending 
June 30, 1917, was $0.1469 per ton, made up: labor [$0.0228, supplies $0.0763, power 
$0.0414, shop $0.0064. (Official report.) Poirier (41 A 128) says, in the light of experi- 
ence at ViponD-Porcupine, that attendance and maintenance of a conical ball mill taking 
—2-in. feed and grinding to 8-mesh should not exceed $0.10 per ton (1914). At Etxo 
PRINCE the average cost over the three years ending 1918 on a 43144 Marcy mill (see 
Table 5) was $0.246, as follows: repairs, $0.0253; labor, $0.0154; liners, $0.1042; balls, 
$0.1011. Costs at Unirep Eastern (63 A 553) in 1917 and 1918 are given in Table 40. 


Table 40. Costs of ball milling at United Eastern, 1917 and 1918. (After North) 


Grinding Costs, dollars per ton 
Mill Year | i , 
| perat- |Repair| Sup- Miscel- 
From | To ing labor} labor | plies Power lisneous| 1 otal 


Marcy, No. 644% -}1917| 2.5-in. 20-mesh | 0.0429 |0.0140/0.5097/0.1183'0.0001|0. 2850 
Marcy, No. 6444 .| 1918) 2.5-in. | 20-mesh | 0.0387 |0.0165|0.1424/0.1465|0.0021/0. 3462 
5X 6-ft. ball-peb..| 1917) 20-mesh | 65-mesh | 0.0553 |0.0328/0.1862/0.1899|......|0.4642 


5X 6-ft. ball-peb. ‘| 1918) 20-mesh 65-mesh | 0.0678 Voeaie foie ee Ae eee 0.5297 


9. Ball mills vs. other intermediate and fine grinders 


General. The principal competitors of the ball mill are rolls, disk crushers 
and gravity stamps in the range from 3- or 4-in. to 0.5-in., rod mills throughout 
the ball-mill range, and pebble mills in the range from 0.25-in. to slimes. 
Roller mills and grinding pans, while cheaper in first cost, are not real com- 
petitors, on account of low capacity and high attendance and maintenance 
charges. 

Ball mills vs. rolls or disk crushers. This batile has not yet been fought 
out to the entire satisfaction of mill men generally. The performances at 
Miami, Insprration, ENGEeLs, and CoNsoLipaATED ARIZONA SMELTING Co., 
cited on p. 395, surely favor the Miami practice and indicate that rolls (or 
disk crushers) are cheaper than ball mills in crushing from 2- or 4-in. to 0.5- or 
0.75-in., and should be installed for this service, notwithstanding the greater 
complexity of the flow-sheet, when the capacity of the plant is sufficient to 
keep both machines busy. 

Ball mills vs. gravity stamps. It is not to be concluded from the prepon- 
derance of stamps in gold mills that it is the world-wide judgment of mill 
men that the stamp is superior to the ball mill in gold milling. Most of the 
world’s big gold mills date back beyond the modern development of the ball 
mill and were equipped with stamps before the ball mill was seriously con- 
sidered as a competitor. Since stamps are expensive and long-lived machines, 
their rejection from an operating mill is to be considered only on a clear show- 
ing of enormous superiority by the competing machine and then would be 
justified only in large plants. For new plants the comparative advantages 
and disadvantages of the two machines are as follows: (1) The gravity stamp 
has a smaller unit capacity and the efficient, large-sized units can be used 
for small mill tonnages. A heavy (1750- to 2000-lb.) gravity stamp can crush 
—4-in. feed to pass a 0.5-in. or 0.38-in. screen at the rate of, say, 15 tons per 
stamp per 24 hr. and one stamp (Nissen) can be installed as an efficient unit. 
A ball mill 8 ft. diameter with a daily capacity of, say, 1000 tons per 24 hr. is 
required for the same service. Furthermore, the stamp can be made to 
grind down to a size suitable for cyaniding many ores (65-mesh) at the rate 
of 4 to 6 tons per stamp per 24 hr. or, say, 0.05 ton per hp.-hr. while the ball 
mill will not grind at this rate of power consumption, if crushing less than 
250 tons per day. Hence for small tonnages of coarse, hard feed the stamp 
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has undoubted superiority. (2) When large capacities are to be handled 
from crusher product (2- to 4-in.) to cyanide size (say, 1 to 10 per cent. on 
100-mesh), and both machines are used as intermediate crushers only, 2-stage 


erushing with a pebble mill the second 
comparison. 
Table 41. Screen tests of feed and products 


stage in both cases is the basis of 


of ball and stamp mills in San Rafael 


competition 
Weight, per cent. 
Screen aperture 
Product 
Feed, both 
mills 
Mesh Inches Stamp Ball mill 
Be cbs Ca i cer 2.0 20.1 SR Re ae etait. A eveamict es aie 
SY hkerinae 4 1°25 24.9 ae CC AOE OA |S Baca aes 
4 0.200 Sabie hahaa Le ravaieoee tuna leone CSS 
6 0.132 6.9 9.2 7.4 
10 OLOFS: PRR Peet. ¢ 10.2 9.7 
20 O8 O34: see ob aithe tke sna) tlie ie 15.8 19.9 
50 Or Oto” enc egnemnet 16.2 21.0 
100. 6.0056: AUER Ot a 152 12.5 
150 OQVOO4k oh ai alias 6.2 5.3 
200 CO 0029s ee aes, 2,1 2.6 
Through last screen..... 14.7 24.9 27.) 


At San Rarart mill, Pachuca, Hidalgo, Mex. 


Table 42. Comparative costs of ball-mill and 
gravity-stamp crushing at San Rafael, Pachuca 


,a 20 @1250-lb. stamp battery fitted with 
0.27-in. screen was run for three months 
against a 6 X 5-ft. grate mill. Screen 
tests of the common feed and both prod- 


Cost, dollars per metric ton 
Item 
Stamps Ball mill 
Labor... 0.355 0.065 
Supplies . 0.132 0.330 
Power... 0.153 0.110 
Total.. 0.640 0.505 


ucts are given in Table 41. Both 
machines were run at their normal 
rates. For the ball mill this was 250 
short tons per day, open circuit. Rela- 
tive costs are givenin Table 42. Since 
the products were so nearly of the same 
size, the costs of pebble milling were the 
same in both cases. At the Socorro 
Minine and Miiirne Co., Mogollon, 
N. M., stamps and conical ball mills 
came into competition in grinding a 
mixture of andesite, rhyolite, trachyte 


and quartz. Comparative data are 
given in Table 43. 


Table 48. Comparative performances of gravity stamps and conical ball mills 
at Socorro Mining and Milling Co. 


Stamp-mill Ball-mill 
section section 


Equipment, primary 30 @ 1000-lb. |2 @ 6-ft. X 22-in. 
Equipment, secondary 2 @ 5X 16-ft. 1 @5xX16-ft. 


Tons feed per 24 hr.......... 
Power consumption, total.... 


Size of feed 


Tons per horsepower-hour., . . 


tube mills tube mill 


225, 200 
186 115 
86 


eA 7A 
82 41 
18 “res 

— 2-in. —2.5-in. 

Product — 150-mesh — 150-mesh 


0.050 0.072 
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Wile (99 J 693) in a comparison based on the performances of an 8 X 5-ft. Marcy mill 
at Uran Copper Co. and gravity stamps at TREADWELL, concludes that relative average 
costs of ball-milling and stamping, for breaking from — 1.5-in. to tube-mill. feed are $0.08 
and $0.13 per ton respectively. He takes repairs to be the same (4¢ per ton) but makes 
2.5¢ per ton difference in favor of the ball mill on both power and labor items. These com- 
parative costs are of the same order of difference as those at SAN RAFAEL (Table 42) butitis 
probable that the cost of repairs (including steel renewal) is higher with a ball mill than 
with stamps notwithstanding the greater complexity of the latter and the more frequent 
breakage of parts, and that the correctness of Wile’s conclusions follows because the dis- 
crepancies in power and labor requirements are greater than he allowed for. Morse’s 
summary (113 P 938) is rather generally supported by the facts in the case of large installa- 
tions. He says that the ball mill is cheaper in first cost, cheaper to set up, requires less floor 
space and head room, consumes less power, is simpler to operate and maintain, and is more 
flexible in performance when run in closed circuit. Its only disadvantage is the higher steel 
consumption. 


Ball mills vs. rod mills. See Art. 12. 
Ball mills vs. pebble mills. See Art. 16. 


10. Screen-discharge ball mills 


Krupp ball mill, is shown in Fig. 20. The inner shell containing the grind- 
ing media is built up of hard-iron or alloy-steel wearing plates (a), containing 
coarse perforations as shown. 
These plates are bolted be-_ 
tween heavy cast heads which 
are, in turn, fastened to a 
heavy through shaft. One 
end of the shaft carries a 
large gear, driven by means 
of the pinion and pulley 
shown. Surrounding the per- 
forated plates (a), are circum- ¢ 
ferential sections of punched- 
plate screen (b) with relatively 
coarse aperture, and sur- 
rounding this a ring of fine 
screens (c). Both sets of 
screens are bolted to the 
heads and revolve with them. 
The revolving part is all con- 
tained in a sheet-iron housing 
(d), having a hopper bottom 
for discharge of screened ma- Tarp ball nal 


terial. In operation feed is 
introduced at one end of the cylinder at the center around the shaft. When suf- 


ficiently ground by the balls to pass the large apertures in the grinding plates 
(a), the material passes through to screen (b). That part of the ground mate- 
rial that will pass the relatively coarse meshes in screen (b) does so, and is sub- 
jected to screening by the fine screens (G)aa ine material that passes through 
these fine screens discharges from the hopper finished. That material that 
will not pass through screen (c) is carried around in the space between. (b) 
and (c) to the position marked (e), when it falls through opening (f) into 
chamber (g) and joins material that passed the heavy liner plates but 
would not pass screen (b), From chamber (g) both materials pass through an 
opening at (h) back into the crushing chamber and are there again subjected to 
crushing action by the balls. Table 44 gives data on commercial sizes of this 


412 FINE GRINDING Sec. 4: 


machine as furnished by one manufacturer. The balls used are the same 
as those used in other ball mills. 


Table 44. Sizes and weights of Krupp ball mills. (Catalog data) 


Size Weight without Weight of Capacity on Portland Horsepower 
numbers charge, pounds balis, pounds |cement clinker to 20-mesh required 
vA 29,500 3000 12 to 16 bbl. per hour 30 to 40 
8 41,100 4500 18 to 24 bbl. per hour 40 to 50 


From 100 to 120 per cent. additional power is required momentarily in starting. When 
pulverizing to pass 20-mesh, froni 30 to 40 per cent. will pass a 100-mesh sieve. 


These mills are made for either dry or wet crushing. In the latter case the 
bottom of the housing is a spitzkasten in which water stands at such a level 
that the fine screen dips into it at the lower part of its revolution and is washed. 
The lifters that return oversize of the fine screen also serve as water lifters and 
thus introduce water into the grinding zone. 

A special field for these mills has arisen in sampling plants handling mate- 
rials containing a large percentage of metallics. With such material this mill is 
peculiarly suitable, in that it will discharge the. metallics that are sufficiently 
fine to be susceptible to ordinary sampling methods, but retains those particles 
that are too coarse and collects them so that they are available for melting and 
sampling by bullion methods. 

Wet mills have been very little used because of high metal and screen con- 
sumption. 


Allen (114 P 362) tells of a 5-{t. mill wet-crushing — 1.5-in. feed through 20-mesh at the 
rate of 60 tons per 24 hr. and drawing 20 hp. The rock was exceptionally hard. As com- 
pared with dry crushing the greater capacity with no increase in power consumption more 
than compensated for the greater metal consumption. 


The dry mill has been rather extensively used in industrial grinding, par- 
ticularly in cement piants. Its use in metallurgical work has been restricted 
to plants that crush dry for roasting. 


At Mr. Moraan (102 J 755), No. 5 mills were used to crush dry from — 2-in. through 
50-mesh screens. The product contained 10 to 15 per cent. +60-mesh. Charge, 2000 lb. 
of 6-in. balls; speed, 20 r.p.m.; 15 hp.; capacity, 22 to 24 tons per 24hr. James (111 J 199) 
Tape gsee Size tect oF Mra pp ull pred: reviews “Wert Australian practice and states 

ioe Gaerndice that at Sourw Kancoor.i No. 5 mills crushed 
from — 2.5-in. through 30- to 40-mesh screens 


at the rate of 100 tons per 24 hr. with a ball 

Screen, mesh Weight, per cent. consumption of 0.5 lb. perton. Liners lasted 
} 8 months. Screening ahead of the mills in- 

40 24.1 creased mill capacity markedly as it prevented 

60 9.4 overloading the mill screens. With 20-mesh 

80 6.2 screens, sizing analysis of product with this 

100 6.6 friable ore was as shown in Table 45 (83 J 

150 LAD 475). At the Perseverance mill, Kalgoorlie 

200 4.2 (16 MM 204), No. 8 mills (about 9 ft. diam. 

— 200 46.3 by 4 ft. long) with 4400 Jb. @ 4%-in. forged- 


Dae steel balls ground 100 tons per 24 hr. from 


— 1.5-in. throug - : 

r.p.m.; power draft, 55 to 60 hp. Ball consumption, poh Barna eis EN . 

0.5 lb. per ton milled and life of manganese-steel liners was 6 to9 month Tas ghee 
Krupp ball mills vs. roils. At a Bolivian silver-tin mine (64 A 676) the itl hi bl 

was dry grinding from 2-in. maximum to approximately 10-mesh for roastin i) Eh cele 

installation was a No. 4 Krupp ball mill which, fitted with 1.2-mm pera 


The original 
ground to the 
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size shown in Table 46. This was displaced by two 36 X 12-in. rolls in series, the first in 
closed circuit with a 34-in. trommel, the second with a No. 8 Newaygo screen with 0.078-in. 
opening. The sizing test of the product is : 
given in Table 46. Roll crushing was at Table 46. Comparative performances of 
the rate of 0.085 ton per hp.-hr. with a Krupp ball mills and rolls at a Bolivian mill. 
steel consumption of 0.38 lb. per ton of (After Séhnlein.) 


finished product. The cost of the roll prod- 
od Pasir ergs one-third that of the Wcichaeiooniecnte 
5 Screen, 
Ferraris mill (Fig. 21) is a grate tnesh 
4 5 F Ball-mi 
mill with a screen (a) forming an ex- ss ae 
tension of the mill shell at the dis- 10 3.0 15 
charge end. The screening compart- 20 17.0 16.0 
° 5 . p) 
ment has a conical imperforate inner ie aa ee 
60 8.5 23.0 
surface (b) and closed end (c) and is 80 7.0 8.0 
compartmented by means of radial 100 5.0 Bad 
partitions. Material flows through mite es : aap 
grate (d) into the screen compart- ; . 5 


ment at the lower part of the mill, 
is elevated and screened therein and oversize passes back into the mill 
when the compartment reaches top position. The mill is made in 5- and 
6-ft. diameters. The smaller mill is rated 
to crush 50 tons per day through 10-mesh 
or 25 tons through 30-mesh from —2-in. 
feed and the larger mill double these figures. 
The mill has been very little used and is 
principally interesting as foreshadowing the 
present-day grate mill. 

Herman mill (Fig. 22) is built on the 
same basic principle as the Krupp mill, 2.e., 
trunnion feed and peripheral screen-con- 
trolled discharge, but is simpler in construc- 
tion. The heads are joined by a heavy 
sectional grid with coarse openings tapering 
: ‘ outward. Around this is fastened a heavy 

Fic. 21.—Ferraris ball mill. |, snched-plate screen on the outside of which 
is strapped the fine screen that determines discharge size. The heavy grid 
serves several ends. It is the structural link between the heads, it is a 
rough-surfaced liner, act- 
ing to a small extent like 
the ribbed liners of the 
El Oro type and pro- 
tecting itself by the 
balls so held, and it BEE lb nA a | 
holds back the largest CANE) Sm a: heh ar \e 
of the feed particles from ili WEY, a uly 
the punched plate. Si 

Schmidt Kominuter 
is a peripheral screen- 
discharge ball mill of Fig. 22—Herman mill. 
the usual type with 3B 
screens set on a conical surface surrounding the perforated grinding cylinder. 
Oversize moves into a lifting compartment in the feed-end head and joins new 


feed. The mill may be run either wet or dry. 
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Performance. At Golden Cycle (60 A 119) the mills are fitted with diagonal-slotted 
screens having 3.6 X 12.7-mm. openings. Screen tests of products (dry-crushing) with 
ree " ; 2 4% new and with worn screens are 

Table 47. Sizing test of product of Schmidt Kominuters given in Table 47. The effect 


at Golden Cycle (dry-crushing). (After Blomfield and Trott) at -differédeciein deroanttawe 


is shown principally in the 
Per cent. weight coarser sizes. Wear of man- 
; ganese-steel balls was 0.7 lb. 
Pcrocmeperrure per ton (113 P 938), 
Worn screens New screens 
11. Rod mill 

4.12-mm 6.1 sks | ied 
3.18-mm. 5.1 2.4 Description. The rod 
aa so ey pote mill consists of a heavy 
30 “8.0 10.2 steel cylinder, usually with 
40 Bad 7.6 a length between two and 
= oe BG three times the diameter, 
100 25 3.0 filled with rods up to some- 
150 2 3.9 what below the mill axis, 
200 oe Ai, and slowly revolved. The 
a tmesh 12,9 19.9. feed end of the cylinder 


is closed with a head pro- 
vided with a central opening for introduction of feed. The discharge end is 
treated differently according to the type of mill. In trunnion mills it is 
closed by a head provided with a central opening through the trunnion for 
pulp discharge. In open-end mills, 
the discharge end is carried on 
rollers, and the discharge-end plate 
is a relatively narrow ring beveled 
inward at the center and loosely 
closed by a circular swinging door, 
separately supported. (See Fig. 
23.) Space is left between plate 
and door for discharge of pulp. In 
this open-end mill the pulp level is Ail IW 
considerahly lower than in the trun- Zak ee) Wale SS 
nion-discharge mill. A quick-dis- WW 

charge grate mill, similar to the 
grate ball mill is also on the market. 


Shell is made of heavy steel plate with 
welded butt joints reinforced with heavy, 3 P 
double-riveted butt straps. Heavy ate Hig. 23.—Marey open-end rod mill, dis- 
fianges for attachment of heads are charge end. 
double-riveted to the ends of the shell, 
carefully faced for tongue-and-groove joint and drilled for bolts. Heads are usually 
cast semi-steel, machined and drilled to fit the cylinder flanges. No teankéles are 
provided. In open-end mills, the discharge opening is large enough to permit introduc- 
tion of liners and in trunnion mills the discharge head is removed for this purpose. Trun- 
nions are cast integral with the heads and carefully turned to the mill axis. Tires and 
rollers are of hardened steel, and in one make the rollers are carried on ball bearings. Bear- 
ings and drive are similar to those used on ball mills. Liners are usually of the ship-lap or 
Wee ee eee = ae oe steel, although cast iron and chrome steel are 
sometimes used. ith smooth liners the load oscillg i j 
Sa Gee scillates and wears out the liner in a few 

Rods are made of high-carbon steel, best 0.8 to 1.0 per cent. carbon and not less than 0.6 
per cent., 1/4- to4-in. diameter, and from 1 to 2 in. shorter than the length of the mill in- 
side the head liners. Mild-steel rods are unsuitable for the reason that they bend and 
kink after wearing down to a certain minimum diameter and snarl up the whole rod load 
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so that little or no crushing is done. The hardened-steel rods break up when they get to 
this size and are eventually discharged in small pieces without snarling. Rods used in 
primary mills, are 3- and 4-in. diameter, 1144- and 2-in. rods are used in secondary mills. 

At Inon Cap (111 J 897) 3-in. rods are charged in the primary mill and removed at 2-in. 
These worn rods are then charged into the secondary mills, from which they are removed at 
i4-in. to prevent kinking. 


Manufacturers’ data are given in Tables 48 and 49. 


Table 48. Trunnion-type rod mill. (Allis-Chalmers catalog) 


Approximate 
capacity in tons Approximate 
per 24 hr.; weights 
Size ! material, medium- Horse- complete 
ofmiall) Weight hard quartz Horse- | power | Revolu- 
Aiamcter of average power of _|tions per 
X length rod charge to motor | minute 
eed pounds run recom-| of mill Pulley Wuest 
1-in. to | 44-in. to mended and spur-|gear drive 
DOnmesh [60 anesh gear drive,| without 
without | motor or 
rod charge|rod charge 
3X 6 4,900 95 45 15 20 34 22,500 20,500 
3X 8 6,500 125 560 20 25 34 24,500 23,000 
4X 8 12,000 240 110 36 40 26 39,000 38,500 
410 15,000- 300 140 45 50 26 43,000 42,500 
5X10 26,500 500 225 80 100 20 57,500 55,500 
6 X12, 47,500 800 350 135 150 18 81,500 79,500 


Table 49. Open-end rod mill. (Mine and Smelter Supply Co. catalog) 


- Approximate 

Size, diameter} Usual charge, | Horsepower bien ee Aas Revolutions shipping 
Xlength, feet tons rod to run horsepower ’ per minute mill weight, 
pounds 

1X 2a 300 lb. i-1% 1% 35 1,100 
2K 4 34 5-7 7% 33 7,000 

3X 6 2-244 15-18 20 30 21,000 
3x 8 3-4 24-28 30 30 25,000 
4X 8 6-7 45-50 50 25 40,000 
4X10 8-9 55-60 60 25 44,000 
5X10 12-13 95-100 100 20 80,000 
5X12 14-15 115-120 125 20 90,000 
6X12 18-19 140-150 150 17 110,000 
7X15 24-25 185-200 200 15 165,000 


a Laboratory size. 


Performance at various plants is given in Table 50. 


Cole-Bergman mill at New Cornexia (111 J 901) 5 X 10-ft. inside, with 32,000 lb. of 
2-in and smaller rods drew 90 hp. (=5.6 hp. per ton of rods) at 19 r.p.m. and crushed 250 
tons per 24 hr. from — 1-in. to — 48-mesh (= 0.116 ton per hp.-hr.). Central discharge was 
found best for wet work. This mill carries 85 per cent. of the load on roller bearings at the 
discharge end, although it is a trunnion-type mill. The roller bearings are ball-bearing and 
it is claimed save 16 per cent. of power over other types of bearings. At D. W. Jonzs Co., 
Denver, Colo. (111 J 901) 24 X 10-ft. mill with grate discharge crushed dry from — 0.75-in. 
to 22 per cent. +40-mesh at the rate of 125 tons per 24 hr. (0.13 ton per hp.-hr.). Rod 
charge was 8000 lb. and the mill drew 40 hp. (= 10 hp. per ton of balls) at 26 r.p.m. 


Capacity depends upon the same factors that influence ball-mill capacity 
(see p. 387). The range, according to the practice cited, is from 98 tons per 
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Table 50. Performance 
Phelps- Phelps- Phelps- 
Plant Dodge, Dodge, Dodge, 
Morenci (am)|Morenci (am)! Morenci 
Size, diameter X length, ft......... By. oes SCT 3x7 3x8 
SPCC TsO... sie, = aye wits Wee Sake aches 30 30 29 
Mons new teed per 24 bri. 20 ese bee eases ee 236 440 986 
Tons total feed’ per 24 hriesi,civiv i... 25s 11: HEN IN GS SY POON. PERE SPREE. oe cals cee 
Wethodsof closing circtit.< Sort. ae. ee Open Open Open 
HS Gal lech, MMOFSEP OWED aes. s,siers ugh «50°F ore BE vere cg Ss uil|lctey wate pe, oberaks toll aca taken eee am foe toe eerie 
INCEUAL NOLSEPOWEEN apes oe cee ws Dales sean oes 18.6 22.5 25 
Horsepower per ton of charge................ 5.8 6.3 (ee, Bi 
Tons of new feed crushed per horsepower- hour. . 0.528 0.815 0.163 
Moisturesn mall, per lcenti.).. ah Vageeadt j-+- 2 oh 63 36 35 
SiZ6COh FECHA). oon ‘accke. gakagelae sua guagels “he a ttalade 12 13 1 
SH CAOMIDGOCULCE ENE . donc east sages fe cyte 12 13 1 
Attendance, machines per Man... -..-.)..-. 1s |e cece tees |e eee eee eee 3 
ost time, per cent. 75. MeSH. | AP Oe) 4. Os 6 5.8 2.5 
Prineipal:causesteft lost-itimesy. | -PReA.i: 5. AUS JEL co. nots sinh acest eee c 
iubpieanh, nd/pounds per :shiftsiagest.< ...0s|e ae «stems oa) tay oe = |e ane eee 
IB Gal OTE Chi teBars Ras e sas Scie ie Eee, eS ates x oo: Dhal lb  cycelere eT Ate eRe Ba Scoop 
Hise cLense hed COREA cavers ches ca eRe eine: aie eas sagese-a: os hel lhe fo eee one ea at cee. cca ol cee) 
Wecdem muro Cate ett yee ae tae we Ret keke es cate ee ode [eee ee ae 270 
Mess OV Dee ete le tabs ie ie sie aie) Pieces haha oD aoe aie Wave Wave (4)... bole 
Pitrensmaicateri(alo setae aceite ceo cs chs oe oe cl 3 cI 
VOTER SERENO: - CHAYIST A «chee Bea cw boot ow etrce aR 2 82 72 135d 
Liners, consumpticn, pounds per ton.......... 0.23. Oj 4008 Ain CRS 
EEA OLP Os DE —1EM ID ETE an: Aes ey ub o. afBBe rad inde s6esihe «an [rages cya ets © dw Sh HEEIE, coon «ARMS SNE, ee 
INtimiber Of mentor Re-linine. Sag. foes o> [ae CORE ude © [eee dora alkwe a ogee are 
ROU seman terigt eats Pee uke. Ne Mee ce ott ear IPO Rage. SAO ery, “tage EO ne ae ees 
Rods, new charge, total weight, !b............ 6400 7100 7000 
WROUs paIAAe HORAN. [ks eae ob eee aloe whee 2 to 144 2to% 114 
Rods, consumption, pounds per ton........... 0.64 O839'° ~  b. Fe eee 
TENGWSS G10 SEET0s Siggerng o's BUSES RUCEPALANS. ee oP RARE RSPR rap PUR g 
| 
Plant ad, ab Anaconda(o) | Iron Cap 
Sizehdiameter x lengthhfticch i). we lstees <n on 4x10 5X10 5X 10p 
pS OLS Be a ott ee a era 15: * - puesto eee 
Tonsimew feed per 2ayhr.. sass hh. ls bee BLS 375 254 
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NOTES TO TABLE 50 


a Italic numbers refer to column numbers in Table 50a. 6 Usual rate is between 125 
and 175; product becomes gradually coarser as feed rate increases. € Changing rods and 
liners. d Hard cast-iron liners locally cast outlast manganese steel and, therefore, cost 
less. e Includes 0.129 lb. consumed and 0.024 lb. discarded. f Includes 1.238 lb. con- 
sumed and 0.223 Ib. discarded. . g Mill stopped and charge overhauled every half month; 
small and bent rods removed. Constant quantity added each day to keep up load. h See 
column 3, Table 50a, for sizing tests with 205 tons per 24 hr., open circuit. i One man 
attends table, rolls and one rod mill. j 500 tons per 24 hr. from 0.5-in. to 14-mesh (= 0.4383 
tons per horsepower-hour.); 280 tons per 24 hr. from 14-mesh to 48-mesh (= 0.243 ton per 
horsepower-hour). k Changing rods. J Included in other work. m 3080 lb. @ 2-in., 
10,920 lb. @ 114-in. n Trunnion type; roller type unsatisfactory on account of mechanical 
troubles. o Compare 714-ft. X 72-in. conical ball mill at the same plant, Table 11. 
p Two of these mills in series, the first taking — 34-in. feed in closed circuit to table size, the 
second re-grinding table tailing (about 200 tons) to 0.6 per cent. +48-mesh and 38.5 per 
cent. —200-mesh. g. Primary mill, 1.46 lb. per ton; secondary, 1.65 lb. r Primary 
and secondary the same. TFeed-head liner semi-steel, weight 900 lb., cost at plant $159; 
life 81 days, 0.046 lb. per ton; discharge-head liner, semi-steel, weight 2000 lb., cost $424, 
113 days, 0.097 Ib. per ton; shell liner, cast steel, weight 15,000 1b., cost $2028, life 113 
days, 0.52 lb. per ton. Cost of rods and liners, $0.30 per ton out of a total cost of $0.425 
per ton. s Hard quartz ore. Mine and Smelter Supply Co. t 5 per cent. +10-mesh, 
30 per cent. —200-mesh. wu End liners, 0.06 lb. per ton; shell, 0.59 lb. per ton. v Two 
mills in series, the second in closed circuit with a classifier. w Primary, 0.48 lb. per ton 
(= $0.028); secondary, 0.33 lb. per ton (= $0.0175). x Primary, 1.06 lb. per ton 
(= $0.0374); secondary, 1.3 lb. per ton (= $0.0455). y 111 J 899. z With a feed con- 
taining 0.2 per cent. +2-in., 1.1 per cent. +1.5-in., 4.3 per cent. +1-in., 3.9 per cent. 
+0.5-in. and 24 per cent. +4-mesh, total on 4-mesh = 33.6 per cent., the average daily 
tonnage for a month to the same fineness was 1027, a@a Gold-bearing quartz and schist 
of medium hardness. a@b Allis-Chalmers, Bul. 1821-A. ac Shell liner only. ad Soft 
limestone and galena. ae 118 J 446. af Speeds of 15.5 and 16.5 r.p.m. were unsatis- 
factory. ag Estimated, on the basis that 60 per cent. of the discharge of the primary 
mills (which is 50 per cent. +48-mesh, see column 7, Table 50a) comes back to the secondary 
mills as sand-table tailing. a@h 12 per cent. +48-mesh, 52 per cent. — 200-mesh. ai Total 
for both primary and secondary mills = 1.6 lb. per ton of original primary-mill feed, includ- 
ing 30 to 35 per cent. scrap loss. aj Total for both primary and secondary mills = 2.32 
lb. per ton of original primary-mill feed, including 10 per cent. scrap loss. ak 0.9 to 1.1 
percent. carbon. al Gravity chute. am 55 A678. an Private communication. ao This 
is selective grinding of soft country rock. The hard quartz containing the values is mostly 
found in the +100-mesh sizes and the flow-sheet was changed to rod mills in open circuit 
followed by conical ball mills in closed circuit with Dorr bowl classifiers to take care of this 
material. ap Discharge-end liner, 40 days; shell and feed-end liners, 81 days. Original 
weight of complete set, 28,000 lb., scrap 54 per cent. CCI Chilled cast iron. C/ Cast 
iron. Cr Chrome steel. DBC Dorr bowl classifier. DC Dorr classifier. G Grease. 
HCS High-carbon steel. Mn Manganese steel. O Oil. 


24 hr. ina 3 X 8-ft. mill to 350 tons in a 6 X 12-ft. mill grinding from 6- or 
8-mesh to 48-mesh and from 440 tons ina 3 X 7-ft. mill to 720ina6 & 12-ft. 
mill grinding from about l-in. to 8- or 10-mesh. 

Power consumption ranges from 4.9 hp. per ton of rod charge in a 4-ft. 
mill to 8.5 hp. in a 6-ft. mill, both types having the usual bearings. Power for 
the Cole-Bergman mill with discharge end supported on ball-bearing tire 
rollers is less. Thus tons per horsepower-hour average 0.18 when crushing 
from 6- or 8-mesh to rather coarse flotation feed (2 to 9.5 per cent. +-48-mesh) 
and 0.35 when crushing from 1-in. to 6- or 10-mesh for roughing-table work. 

_ The reason for the smaller power draft of the rod mill is that more rods than 
balls can be loaded into a given space and hence, with a given crushing load, 
the center of gravity is nearer the axis of revolution. 

Size of feed. The rod mill should not be fed with material coarser than 
1-in., and with very hard ore the feed should be finer than this. Larger lumps 
cause the rods to be spread so far apart at the feed end that they fail to do 
efficient crushing for a considerable part of their length. When fine feed 
(8- or 10-mesh) is introduced with the idea of sliming, the mill comes into com- 
petition with ball-tube mills and pebble mills, and is outclassed. In grinding 
from 1-in. to 48-mesh the work is most efficiently done in two stages. 

Thus two 6 X 12-ft. mills at Copper Queen (Table 50) crushed from 1.5-in. to 48-mesh 


at the rate of 0.219 ton per hp.-hr., while the 5 & 10-ft. Cole-Bergman mill at New Cor; 
NELIA crushed from 1-in. to 48-mesh at the rate of only 0.116 ton per hp.-hr, ; 
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Size of product. The product of a rod mill is remarkable for its granular 
character and the large percentage near the limiting screen size. This is par- 
ticularly true in open-circuit work or when the circuit is closed by a screen. It 
is noticeable, also, that the product of open-circuit work contains very little 
“ accidental ”’ oversize, 7.e., substantially unground feed particles, even when 
the capacity is raised considerably above normal. Fig. 24 (57 A 360) shows 
that the result of an increase in feed rate is a relatively uniform increase in 
size of product, with minimum increase in the coarsest sizes. 

Rod-mill product is remarkably similar in size distribution to roll product 
as may be seen from Fig. 25. (47 A 861), This similarity is, of course, to be 
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Fic. 24.—Effect of change in feed rate Fie. 25.—Comparison of roll and 
on product of rod mill (after Watt). rod-mill products (after Watt). 


expected, in the light of Haultain and Dyer’s work (see p. 402), since the rods 
in a slow-moving mill act almost entirely like a large number of close-set rolls. 
Coghill and Anderson (117 J 1006) warn, that, under certain circumstances 
the rod mill may, even while making a product that is not, as a whole, unduly 
slimed, nevertheless slime the mineral constituents excessively, and that the 
usual statement that the rod mill is a granulator and not a slimer is to be ac- 
cepted with caution and discrimination. Table 51, giving the results of a 
thorough sizing-assay test on a rod mill crushing from 0.5- or 0.75-in. feed to 
20-mesh, is cited by the authors in support of this contention. Comparing 
the percentage of —200-mesh in the product with that in products ground to 
the same limiting size in ball mills (Tables 4, 5 and 11) it is apparent that the 
rod-mill product contains more slime and that the criticism is Justified. But 
sliming has not been differential, as the authors infer; actually relatively more 
gangue than sulphide has been slimed in the case of silver, gangue and sulphide 
have been substantially equally slimed in the case of zinc, and only in the case 
of the lead has sulphide been slimed more than gangue; even here the differ- 
ential is small. On the other hand, there has been impoverishment of the 
sizes from 20-mesh to 200-mesh inclusive, which are the sizes in which table 
concentration is most effective in making the differential separation required 


on this ore. 
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Table 51. Sizing-assay test of rod-mill grinding. (After Coghill and Anderson) 


Sereen Solids, | Assay, |Per cent.| Assay, |Per cent.| Assay, |Per cent. 

Material ne per cent.|per cent.| of total |per cent.| of total | oz. Ag | of total 
ge weight Zn Zn Pb Pb per ton Ag 
S 36.9 1.84 21.4 1.00 20.4 1.66 24.1 
4 18.2 3.04 12.6 1.88 13.6 3.00 15.5 
6 6.3 3.60 7.2 1.85 6.4 2.74 6.8 
8 6.2 3.33 6.5 1.86 6.3 2.24 5...) 
10 5.4 3.3 ST 2.47 7.3 2.80 5.9 
es 14 3.4 3.79 4.1 2.82 5.3 2.87 3.9 
20 3.8 4.02 4.8 3.10 6.4 2.50 3.7 
© 35 4.8 5.75 8.7 3.50 9.3 3.35 6.3 
5 48 2.3 6.63 4.7 3.00 Sad 3.20 2.8 
65 1.9 5.75 3.4 2.55 2.6 3.00 2.2 
icy 100 2.2 5.40 3.8 2.00 2.6 2.60 2.3 
150 2.4 5.50 4.2 1.80 2.4 2.70 2.6 
200 1.0 ay és Lai 1.43 0.7 2.52 1.0 
260 eee 6.20 2.3 2.59 1.6 3.80 eee 
S25 Ors 4.40 1.0 2.00 0.8 4.10 1.2 
— 325 8.4 3.00 7.9 2.25 10.4 4.40 14.5 
Motalicrcs Oa. Pos te s:-ki 100.0 See Wt 100.0 1.82 100.0 2.54 100.0 
20 0.9 1.49 0.5 0.44 0.2 £52 0.6 
» 35 8.9 1.85 Ewe 0.52 2.9 1. 26 4.7 
° 48 10.6 2.47 9.1 0.78 Boek 1.44 6.4 
3 65 11.1 2.73 10.5 0.98 6.9 1.60 7/6 
3 100 12.6 3.24 14.2 1.55 12.3 1.94 10.4 
S 150 11.2 3.40 13.3 1.91 13.6 2.22 10.6 
Fs 200 3.9 3.29 4.4 132 3.2 1.74 2.9 
260 5.6 3.60 49 2.34 8.3 2.50 6.0 
sd 325 Seo 3.55 4.0 2.03 4.1 2.46 3.4 
— 325 31.9 2.83 31.3 2.14 43.3 3.50 47.5 
Total se tetaNPH sents oi 100.0 2.88 | 100.0 1.58 | 100.0 2.35 | 100.0 


12. Rod mill vs. ball mill 


These machines are in competition throughout their range of crushing 
ability; both can, if forced to do so, take 3- to 4-in. feed and both can, in closed 
circuit with a mechanical classifier, produce —100-mesh product. But, while 
the ball mill may, under certain circumstances, justify its use on such coarse 
feed and may, at the other end of the scale, successfully compete with pebble 
mills the rod mill has, by common consent, failed to handle feeds coarser than 
l-in., or at the coarsest 1.5-in., or to grind finer than 48-mesh. This is to be 
expected from consideration of the crushing bodies. There is little free fall of 
rods and hence insufficient impact to break large particles, nor is there, except 
near the bottom of the load, sufficient force (weight) to crush these particles 
by roll action. The amount of fine grinding done is a function of the extent 
of surface of the crushing media. This is much less in the rod than in the 
ball mill, for a given weight of charge, and therefore the amount of fine grind- 
ing is less. The weight of a single rod, or of a superincumbent layer trans- 
mitted through a, single rod, is more distributed than is the case with balls; 
in consequence the crushing force i is less and there is less tendency to crush 
large particles or to grind small ones very fine. Furthermore, while the ball 
mill may, with strong claims to economy, be used for one-stage reduction 
through a considerable range, as at INsprrarron, the rod mill works much more 
efficiently when the reduction per step is ane But in the intermediate size 
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range, taking, say,—l-in. feed and delivering anywhere from 8- to 48-mesh 
product, averages based on Tables 4, 5, 11 and 50 indicate that the rod mill 
grinds about twice as many tons per horsepower-hour as the ball mill; that 
liner wear in the rod mill is about 60 per cent. that in the ball mill and rod 
wear about 75 per cent. of ball wear (based on high-carbon steel in both cases). 
Rods normally cost less than balls of the same material. Capacity per square 


- foot of mill floor space required for the installation favors the ball mill slightly, 


but not enough to be an important factor in the comparison. Handling rods 
to and into the mill is somewhat less convenient than handling balls and the 
rod mill should be opened for inspection and the charge picked over the more 
frequently. The product of the rod-mill is not so sensitive to changes in feed 
rate as that of the ball mill, if accidental oversize is undesirable, as in prepar- 
ing table feed, but the ball mill is the less sensitive to changing conditions 
when preparing flotation feed. Consideration involving the performance of 
the two types of mill on a particular ore, causes the conclusion to fall one 
way or the other, according to the ore and to the type of ball mill. 

At Consoxtipatep Ma. & Sm. Co. or Canapva, Kimberley mill, a 5 X 10-ft. rod mill 
crushed 625 tons daily from — I-in. to 14 per cent. + 28-mesh (and 28 per cent. — 200-mesh) 
with 72 hp. and a rod consumption of 0.46 lb. per ton. Compared with the 8-ft. & 48-in. 
conical ball mills at the same plant (see Table 11) the number of tons ground per horse- 
power-hour open-circuit (0.35) was greater than in the conical mill (0.29). Ball consumption 
was 0.273 lb. per ton. The conical-mill prod- 
uct was finer, which lessened the load on the 
re-grinding (second-stage) mills. ( 

The following comparison between conical 
ball mills, Marcy ball mills and Cole-Bergman 


Table 52. Comparative screen analyses 

of classifier overflows with rod mills and 

Marey ball mills grinding hard quartz- 
diorite ore 


rod mills is based upon crushing hard quartz and 

diorite with rod mills, crushing the same ore Weight, per cent. 
with Marcy mills, crushing soft porphyry ore Screen, 

in Marcy mills and in conical ball mills. The | Tyler mesh 

hard ore was crushed from — 1-in. to the size Rod mills | Marcy mills 
shown in Table 52 in two 5 X 10-ft. rod mills in 

series, the first crushing to approximately 10- 48 1.0 1.6 
mesh in open circuit, the second finishing in 65 8.2 6.4 
closed circuit. The 10-mesh product was 100 14.4 12.0 
roughed on tables between the two stages of 150 14.1 14.0 
grinding. The same ore, coarse-crushed to 200 8.5 6.4 
the same size (— 1-in.) was ground in 8 X 6-ft. — 200 53.8 59.6 
Marcy ball mills to the size shown in Table 


52. Comparative costs, based on crushing ; 
55,000 tons in the rod mills and 29,000 tons in the ball mills are shown in Table 53. The 


Table 53. Comparative costs of grinding hard quartz-diorite in rod mills and Marey 
i ball mills 


Rod mills Marcy ball mills 

— Cost Q tit Cost 

Quantity 4 os Quantity Gnas aoe os 
per ton ee oe per ton per ton Bene: per ton 
Powetwdeo ss: 9.03 kw.-hr.| $0.011 $0 .0993 13.79 kw.-hr.| $0.011 $0.1517 

Rods (a)..... 2.92 Ib. 0.0448 SEE LAN en eee heat ee a arg 

‘youth: (Ge ye Rakes llega: <> eae ae gee is Ste rrr 2.89 Ib. 0.0529 0.1529 
Tamers (c)....| 1209:1b. 0.1324 0.1443 0.76 lb. 0.1592 0.1210 
AGRE cy OO NE ME Pere ne eerie ec creaae (Of: BI CS “| ye Pe RavemeCeRT cite NE SR RCE RC 0.4256 


a 1920-21 prices. 6 1920 prices. ¢ Cast steel for rod mills, manganese steel for ball 


mills. 
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advantage is distinctly with the rod mill. In Table 54 actual costs with the Marcy mill 
treating the hard and soft ores are compared with actual costs with the conical mill crushing 


Table 54. Comparative costs of operating conical ball mills, grate mills and rod mills 


Kandiol ores ~ Aik. RE Soft porphyry Hard quartz and diorite 
Reamadsot sails etree. © 5 eye e ers « Conical | Grate Rod Grate Conical (¢) 
Power consumption, kw.-hr. 
per ton: 
Coarse. crushing. .......... 0.813 0.480 | 0.710 O GO ||. saan ere 
Grincingre ee ec aire 7.592 9.170 9.500 LSETOIO. we || a eee 
Totals 2. GRAS URAREE = 8.405 9.650 10.210 14.500 12.640 
Ball consumption, pounds per 
POM eee PRUE Stak is 2.21a ISTGb Gh eta. ae 2.89 Sys! 
Rod consumption, pounds per 
CORN 0 ORE ER PRI, TIN SEE DIODE HUE 2 FOC SOS. Sie 
Diner, kind o. 3th (Eke. toate CSS, Mn Mn cS Mn CSS, Mn 
Consumption, pounds per 0.156, 4 f 0.268, 
Con SNL eS. = Eines, 0.089 } 95420 a. D780, | Select, 188 
Costs, coarse crushing and con- 
veying, except power... .| $0.04187 | $0.02850 | $0.04750 | $0.04750 | $0.07187 
Crushing and grinding, 
power (d) ...... 20) Eile 3 0.11162 | 0.12815 | 0.13559 | 0.19256 | 0.16786 
WBNS: ecole oS teed ea cagans tata SR 0.10385a@!} 0.08395 b).......... 0.13785 0.17052 
ROC SI, ress SEES seca NR Hare alle te eels eats Lo ee aoe 02130806: |2 SEM Ee azeink Sear ee 
Whiners: (f)as «ctasuettuie, sadePeper= i 0.01886 0.05811 0.12542 0.10515 0.03234 
LINO S679 Nee, ek It, Re a ek 0.27620 0.29871 0.43931 0.48306 0.44259 


a Cast semi-steel, 4-in. @ $0.04165 per pound, 2-in. @ $0.04855 per pound. 6 Forged 
steel, 5-in. @ $0.0477 per pound. c Estimated on basis that the relative capacities of 
conical mills on soft and on hard ore are as 1000 : 582. This was the ratio of Marcy mills 
on the soft and hard ores respectively. d At $0.01328 per kw.-hr. e At $0.04480 per 
pound. f Mn @ $0.13835 per pound; CS @ $0.115 per pound; CSS at $0.04165 per 
pound. CSS Cast semi-steel. CS Cast steel. Mn Manganese steel. 


the soft ore and the rod mill, crushing the hard ore. With these, and particularly with the 
rod mill, is compared an estimate of the cost of crushing the hard ore in the conical mill. 
This table indicates that the cost of crushing and grinding the soft ore with the conical mill 
is $0.02 per ton less than with the cylindrical ball mill; that rod-mill grinding of the hard ore 
is distinctly cheaper than Marcy ball milling, and that the difference between rod mills and 
conical mills on the hard ore is too small to be conclusive on estimate. 

At Mill No. 4 of Fepmrau Lwap Co. an 8-ft. X 30-in. conical ball millanda4 x 9-ft. rod 
mill are working on somewhat different feeds (see Table 55). Under these circumstances the 


Table 55. Comparison of conical ball mill and rod mill at Federal Lead Co. 


|8-ft. X 30-in.| 4-ft. x 9-ft. Ratio: 

Mill conical rod conical + rod 
SIV EROR CCC iit Aart Meee Manan pares mee .| 3% + 10-mm.| 6%-++6-mm. }............ 
Tons coushedaperic4 nitwas 20. Ginemise eck eth as 855 460 1.86 
Tons per horsepower-hour, total feed.......... 0.302 0.291 1.04 
Tons per horsepower-hour of — 10-mesh produced 0.178 0.119 1.49 
Tons per horsepower-hour of — 20-mesh produced 0.166 0,109 1.52 
Tons per horsepower-hour of — 60-mesh produced 0.103 0.058 1.77 


tonnage of feed passed through the mills per horsepower-hour is substantially the same, but 
the tonnage ground to any given mesh per horsepower-hour is distinctly in favor of the ball 
mill and increasingly so as finer sizes are investigated. Ball consumption per ton is half of 
rod consumption, 
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Forrester-Rexman mill (Fig. 26) is a cylinder 4 to 5 ft. diameter by 4 to 5 
ft. long, trunnion-fed and discharged through fine screens at the ends with 
peripheral lifters in the mill shell for oversize return. It is run at about 28 
to 36 r.p.m. according to diameter. The grinding media are rods cradled in 
the quadrants of the mill, supported on spider arms which are suitably pro- 
tected by renewable liners. The mill is provided at each end with a drum 


_ feeder and a spiral in the trunnion, which delivers feed to the center of the mill 


4' Dio. 


hod charge 200016. 
py each compartment 


re) 


vet 
isl 
Hi 


iL as rH | 
Ug 


ah 


Classifying trough 
Fic. 26.—Forrester-Rexman rod mill. 


whence it is delivered successively, due to the rotation of the mill, to one after 
another of the rod groups and the screen until it is finally crushed fine enough 
to pass the screen and leave the mill. With the rod load divided as illustrated 
the amount of power required to drive a given weight is claimed to be only 
about 25 per cent. that in the ordinary rod mill. On the other hand, it is very 
probable that the crushing effect per rod is less. The mill has not had suf- 
ficient use in metallurgical plants to furnish reliable data as to performance. 


Allen (113 J 987) gives the following data of a test run on a 4 X 4.5-ft. mill. Weight 
of mill, 19,400 lb. Rod load, 8562 lb. @ 244-, 234- and 3-in., 36 r.p.m. Feed: granite, 
—0.5 + 0.12-in. Product all through 0.06-in. (10-mesh). Feed rate. 182 tons per 24 hr. 
Power consumed, 19.5to21 hp. Thisis at the rate of 4.6 to 4.9 hp. per ton of rods and 0.38 
ton per hp.-hr. crushed to 10-mesh. This performance is about the same as that of the 
ordinary type of rod mill (Table 50). 


PEBBLE MILLS 


Pebble mills are of the same general nature as ball mills but differ from them 
in that rock fragments instead of metal bodies are used for the crushing 
medium. Since pebbles are lighter than balls, the crushing effect of the 
tumbling mass in a pebble mill is less than in a ball mill, feed must be finer, 
and capacity and power consumption for a given size of mill are less. . 

There are two types of pebble mill, viz.: the cylindrical mill or tube mill 
and the conical pebble mill (Hardinge). 


13. Tube mills 


General. Tube mills were the forerunners of center-discharge ball mills. 
‘They were adapted from cement practice into cyanide practice, and from 
cyaniding were taken over into concentration shortly before the adoption of 
flotation. They are used for finer grinding than ball mills. This end is 
accomplished by increasing the length of the mill. At the same time, being 
used on finer feeds than the ball mill, it is unnecessary to have as great diameter 
or as heavy grinding media. The standard tube mill, so-called because of its 
substantially uniform adoption in South African cyanide practice, is 5-ft. 
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6-in. diameter by 22-ft. length inside the shell. The development of the tube 
mill in concentration plants has been toward a shorter mill of somewhat 
greater diameter. This is a logical development of the more perfect methods 
of classification that have been developed. Originally it was necessary to finish 
the grinding in one passage through the mill. When this is done, great length 

is necessary, notwithstanding that 
] the great bulk of the grinding is 


done in the first few feet of the mill 
| as shown in Fig. 27. 


Shell of tube mills is made of 54-to 
34-in. steel plate with double-riveted butt- 
strap joints. Rarely the joints are welded. 
Cast-iron flanges for attachment of heads 
are double-riveted to the ends of the shell 
after which the latter is swung in a lathe 
and the bases of the flanges are accurately 
machined atright angles to the shell axis. 
Bolt holes in the flanges are drilled by jig. 
ei eal at a Manholes, 13 to15 X 18 to 20 in., are cut 

2 4 6 8 10 12 14 16 18 20 22 23 26 in the shell on opposite sides near the ends 
and fitted with cast seats for the manhole 
cover. 

Fic. 27.—Amount of grinding at different Heads are made of cast iron, about 
points in a 6 X 22-ft. tube mill, dry-grind- 174 in. thick at the edges and thicker at 
ie he the center, heavily ribbed, usually with 
= the trunnion cast integral. After attach- 
ment to the shell the best practice is to 
swing the shell in a lathe and turn the trunnions true to the axis of the shell. Where 
this is not done it is difficult to bring the axis of the trunnions coincident with the axis 
of the mill and as a result the mill does not revolve truly and additional strain is 
brought onto all parts. ,The feed trunnion should be 9 to 12 in. inside diameter with 3- to 
314-in. walls and the length should be sufficient to give a bearing pressure of 100 to 150 lb. 
per sq. in. of projected area. The discharge trunnion of overflow mills is usually 4 to 10 in. 
greater diameter than the feed trunnion to afford gradient for pulp flow. 


Distance from feed end in feet 


Linings for tube mills (see also ball-mill linings, p. 346) are of many vari- 
eties including iron or steel plates, silex, ironite, El Oro, Komata, Osborn, 
Forbes, Britannia, and many other types less well known. 


Plate linings are made of hard white cast iron, cast steel, manganese or chrome steei 
with smooth or ribbed surfaces. Thickness is usually from 7 to 134 in. Plates give 
the largest possible internal diameter in the mill with consequent greater capacity and 
efficiency throughout the life of the liner. Smooth white-iron plates, 114 in. thick, 8 in. 
wide and 48 in. long in a 5 X 22-ft. mill taking 214-mesh feed at the Burrers VrrcGinra 
Crry mill lasted 9 months, which was as good as the El Oro would do and the plate lining was 
the cheaper. (89 J 905.) At RarnBow mill (99 J 1104) the 114-in. cast-iron feed-end liner 
lasted 6 months. The discharge-end liner lasted longer; 114-in. side liners lasted 13 months. 
Re-lining required 14 hours. 

Ribbed plates allow less slip of the pebble load than smooth plates and are more suitable 
for coarse feed. They are sometimes made reversible, so,that when one side of the ribs 
wears and the lifting effect is lessened the other side can be turned up. 

Jones (2 A 95) says that in tube mills at Tonopan BeLMonT manganese-steel liners 
cost $0.064 per ton and lasted 1614 months while hard white iron lasted about 2 years and 
cost only $0.0173 per ton. Addition of new ribs to the manganese liners increased the 
life 10 months and decreased the cost to $0.0457 per ton. 

Silex lining is composed of blocks or bricks of hard flint, normally 8 in. long, 4 in. wide 
and from 4 to 7 in. thick. Uniformity in thickness is the important requirement Conner! 
able variation in length and width are allowable. They are cemented into the mill with 
Portland cement. Joints are staggered to prevent circumferential grooving. Re-lining a 
5% X 22-ft. mill on the Rand has been done in 18 hr., but the usual time is 24 hr. from 
stopping to re-starting, including 4 hr. steaming. (RMP.) The cost of installing silex 
lining (4 X 4 X 8-in. blocks) ina 5 X 18-ft. mill at Tonopan BexuMmont in 1913 (62 A 112) 
was: Silex, 12,300 lb., $258; cement, 33 sacks, $36; labor, $102; total, $396. Silex lining 
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can be worn down to 114 or 2 in. before it is necessary to replace it. Average life on the 
Rand was from 60 to 150 days, depending on the thickness and the conditions of operation. 
At the Treasury minz (So. Af. Ass’n Eng’r’s, Apr., 1905) silex lining lasted 214 times as 
long as smooth cast-iron and cost half as much. With thick blocks, which have the longer 
life, the diameter of the mill is materially decreased when the blocks are new as compared 
with the diameter when the blocks are old and there is consequently a marked change in 
peripheral speed of the mill during the life of the liner. With a new liner, horsepower, peb- 
ble capacity, grinding capacity and grinding efficiency are less than with a worn or thinner 


- liner. It is necessary, therefore, to balance the cost of more frequent renewals attendant 


upon the use of thinner blocks against the decreased efficiency in the early part of the life 
of thick blocks. To compensate for greater wear at the feed end one plant (7 JCM 868) 
lined the first 7 ft. with 8-in. block, then 714-in. for 1 ft., 7-in. for 1 ft., and 6-in, for the bal- 
ance of the length. Ironrre is similar to silex, except 
that the material used consists of blocks of hard trap rock. 
In some localities where hard, close-grained rocks are ob- 
tainable locally, these are used in place of silex. Silex 
was more generally used than plate liners. The principal 
DISADVANTAGES of the stone-block type of liner are the 
great reduction in mill volume and the variation in volume, 
power consumption, capacity and efficiency between new 
and old liners. These are sufficient to bar such liners in 
most modern plants. 

El Oro, Forbes and Komata liners are most used in 
American mills. El Oro liner is shown in Fig. 28. It 
consists of grooved plates bolted to the shell of the mill, 
the width of the grooves being about the medium dimen- 
sion of the larger pebbles used. In operation these larger 
pebbles wedge into the grooves and the liner surface soon ri 
becomes an irregular one of pebbles that protect the metal £1 0ro lining 
ribs from wear. As pebbles wear down and are broken 
they fall out and are replaced by other pebbles. El] Oro 
liner plates are made of cast iron, cast steel, or special steels. 

Osborn liner (Fig. 29) is a modification of the El] 


Protecting plate 


Oro in which hard-steel ribs are wedged into place by ln 
mild-steel wedges, both being set in cement mortar. There Forbes lining 


are no bolts. Pebbles fill the spaces between the ribs and : 

take most of the wear. This liner has displaced allothers Fra. 28.—Liners for tube 
in South Africa. At Stmmer anv Jack (RMP) a mill mills. 

with Osborn liner had a duty of 139.5 tons containing 

57.2 per cent. — 90-mesh while an adjoining silex-lined mill ground 133.5 tons per day to 
54.6 per cent. —90-mesh. Ribs wear most rapidly at the fed end and after initial wear 
at this end are reversed. Sectional bars (three lengths to a course) permit more economical 
replacement for head-end wear. Life is about 300 
days. One man can re-line in 12 hr. (97 J 465). 
Forbes lining (Vig. 28.) is the same in principle and 
similar inappearance to the El Orolining. It differs 
from the El Oro in that the plates are cast in the form 
Shell of a curved grid and are bolted against a back plate 
that protects the shell at the bottom of the open- 
Erect plates 4 in. deep, taperingfrom ings in the grid. Life at Nryapa Packarp in a 6 
124 in. to % in. in width; wedge X 10-ft. mill making 75 per cent. — 200-mesh was 
bars 214to 3 in. wide and 1% to 3% 345 days compared to 220 days for a step liner of 


SSH = 


SSS 
—7=— Pp 


in. thick. (62 A 42). approximately the same weight. 
. Globe lining (98 J 393) is of the general El Oro 
Fie. 29.—Osborn liner. type but with circumferential grooves tapering toward 


the base and also tapering longitudinally in a direction 
opposite to the direction of rotation. The original pebble load should be a good mixture 
of all sizes in order to insure quick filling of the liner grooves. Life at Hou1iinc@r is 
reported as 3 months greater than that of El Oro lining. Weight of metal for a 5 X 
20-ft. mill is 15,500 lb. WRe-lining requires 6 men 12 hr. 
Komata lining is substantially a ribbed-plate lining with replaceable ribs. See Fig. 28. 
It was first introduced in New Zealand and is now used almost exclusively there both for 
pebble charges and for ball charges up to 3-in. size, both wet and dry grinding (24 CMI192). 
It is made up of plate liners alternating with rib liners about 18 to 20 in. apart. The rib 
bars are raade up of two parts, a cast-iron base and a special steel wearing top that is rever- 
sible and readily replaceable. In one type (wedge-bar) the rib bars are wedge-shaped and 
hold in the plates so that the number of boltsis reduced. Plates are 34 in. thick at the edges 
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and 1 in. at the center. Maximum wear comes on the angle bars and the use of separate 
wearing parts effects a considerable economy in the amount of metal that must be discarded. 
Raised bosses are provided around the bolt holes to prevent cupping, and joints in the bars 
are staggered to prevent circumferential grooving. With cast-iron plates a low boss is put 
on the back to protect the plate against breakage when the bolts are tightened. Brown, the 
inventor, recommends (104 P 206) lower speed and lower pebble load than with smooth 
liners of the El Oro type on account of the greater lifting effect of the ribs. He cites 
(104 J 177) a competitive test between Komata and El Oro liners in 44%4 X 20-ft. mills. 
First cost was about the same. Metal wear was much less with the Komata and power 
consumption slightly greater. Sizing tests are given in Table 56. The Komata appears 


Table 56. Comparative grinding with Komata and El Oro liners 


nn 


Weight, per cent. 
Screen, meas El Oro Komata 
Feed Product Feed Product 
28 14.6 0.6 18.5 OL 
35 13.7 2.3 16.8 0.7 
65 38.7 11.4 35.3 1... 6 
80 7.3 5.5 8.0 8.4 
150 18.1 37.5 15.5 35.5 
280 5.3 15.1 3.7 18.5 
— 980 2.3 27.6 2.2 25.2 
Tons produced per 100 tons of feed 
— 28-mesh 14 18.4 
— 65-mesh 02.7 hee) 
— 150-mesh 35.7 37.8 
— 280-mesh 25.3 23.0 


to have been slightly better in producing material down to 150-mesh but the El Oro pro- 
duced slightly more —280-mesh material. At Tonopan Bretmonr (62 A 112) Komata 
manganese-steel lining cost (1913) $1785 installed, including $145 for labor. After 1614 
months new ribs were put in at a cost of $273 and lasted 10 months, when the whole lining 
was removed. Cost per ton ground for this lining was $0.0457. A locally-cast hard white- 
iron ribbed liner costing $712 in place lasted about 2 yrs. 
and cost $0.0173 per ton. Silex (4 & 4 & 8-in. blocks) 
cost $396 in place and lasted 8 months, making the cost 
$0.0583 per ton ground. 

Britannia lining (Fig. 30) consists of 3- to 4-in. pieces 
of old railroad rails set on end in cement. Line the 
mill in sections as follows (99 J 239): First spread a 
layer 1 in. thick of cement mortar (1 cement to 2 of 
sharp, clean sand),press down sections (not to exceed 
1 X 2 ft.) of 4- to 8-mesh wire screen, then a second 1-in. 
layer of mortar into which the rail ends are forced as far 
as possible, then more mortar to within 1 in. of the top 
of the rails. Allow to set, then turn the mill to line 
Fra. 30.—Britannia tube mill another section. When starting up, run for a few hours 

lining. with lump ore but no balls or pebbles to allow crevices 
_ to fill. Cement wears sufficiently more rapidly than 
steel so that the ends of the rails project and make the lining surface irregular 

Barry lining consists of silex blocks cemented into a sectional iron honeycomb Com- 
parative performances of the Barry and Komata liners at the TaLIsMAN mine, N Z. in two 
4 X 12-ft. mills running side-by-side are shown in Table 57. Neither mill did nee work 


but the mill with Komata lining produced 6.8 tons of — 60-mesh material per 100 tons of feed 
in open circuit against 4.8 tons in the other mill. 


At 100-mesh the corresponding produc- 
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Table 57. Comparative performances of 4 X 12-ft. tube mills with Barry and with 
Komata lining 


Mills run at 26-27 r.p.m., with about 50 per cent. moisture, in closed circuit with cone 
classifier. 


Weight, per cent. ‘ 


Screen, I.M.M. mesh Barry lining Komata lining 
| 
Feed Discharge Feed Discharge 
20 2.0 0.4 2.6 0.4 
40 12.3 et) 13.4 9.0 
60 24.6 25.3 25.7 25.9 
80 26.6 31.0 28.6 32.7 
100 9.6 9.9 OF ft 9.1 
120 3.6 4.0 3.1 3.9 
150 2.8 3.2 ZL 2.0 
— 150 18.2 io 14.7 16.2 
| 
Tons —60-mesh produced per 100 tons 
ait iets) aie oO Reale Bae pate see mie eee Ste 4.8 6.8 
Tons —100-mesh produced per 100 tons 
BECCA ROMO Few te Pairs a Re Sleyen Alls 0.1 | iach 


tions were 2.7 and 0.1 tons per 100 tons respectively (16 Aa 366). The Barry has the dis- 
tinct disadvantage, in common with all cemented liners, that a large part can fall out, with 
subsequent wear on the shell, and no warning given to operators. Leakage at bolt holes 
usually warns of breaks or wear-throughs in the case of plate or plate-and-rib liners. 

Plymouth lining (101 J 263), shown in Fig. 31, is made of pieces of semi-steel battery 
liner, roughly 4 in. wide and 12 to 36 in. long, and pebbles, cement- 
ed in as shown. 

Rubber liners have been tried at the Nipisstrnc mill. A 4x 
20-ft. ball-tube mill carrying 20 tons of 114-in. cast-iron balls and 
lined with %-in. vulcanized rubber sheet with two layers of fabric 
was run in regular re-grinding service from Jan. to Aug., 1923, 
at which time, after study of the data, Parsons (116 J 489) re- Fic. 31.—Plymouth 
ported as follows: Feed, —60-mesh, 40 to 80 per cent. — 200- 
mesh sand; product, substantially all —200-mesh. Moisture, 
44 per cent. Speed, 32 r.p.m. Change from }4-in. smooth-iron liners to %%-in. rubber 
increased slime-making capacity 15 per cent. and made it possible to shut down one of the 
primary 6 X 20-ft. tube mills and reduce the speed of the rubber-lined mill from 32 to 2814 
rp.m. The4 X 20-ft. mill, rubber-lined, produced 11 per cent. more — 200-mesh material 
from —4-mesh stamp-battery product than was produced on equal tonnage by a6 X 20-ft. 
iron-lined pebble-charged mill running in parallel with it. Cost of 5<-in. rubber liner for a 
4 X 20-ft. mill is somewhat less than that of a 2-in. chilled cast-iron liner and the weight of 
the rubber is about 5 per cent. that of the iron. The relative life of the two was not deter- 
mined but it was indicated that rubber would probably outlast iron on —4-mesh feed, 
Re-lining with rubber is easier and quicker than withiron. Ball consumption is less with the 
rubber liner. 

: Another rubber liner was tried in a ball mill, but was vulcanized too hard and wear was 
excessive. 

Rubber lining has also been tried in Ranp tube mills (118 J 490) with distinctly encour- 
aging results. Wear conditions are harder than at Nipissing on account of the coarse, hard, 
sharp-edged lumps charged for grinding media and it was found that a soft pure rubber 
was better than a vulcanized composition. Cost of liner 144 in. thick, which thickness is 
contemplated from a structural standpoint, is estimated at about $4000 against $800 for 
4-in. iron liner in a standard (5%4 X 22-ft.) mill, but the life of the rubber is estimated at 
2 years against 6 months for the iron. At SanpusKy Cement Co. (B. W. Rogers, 1925 
meeting, Portland Cement Ass’n) smooth and wave-type rubber liners were tested against 
smooth-iron liners in 5 X 22-ft. tube mills charged with balls, grinding cement slurry in a 


lining. 


430 FINE GRINDING Sec. 4. 


pulp containing 60 to 65 per cent. solids. The feed was all —4-mesh. Results are given in 


Table 58. 
Table 58. Rubber vs. iron liners in tube mills grinding cement 
ini I Smooth Wave rubber 
Type of lining ron webbie 

Ball charge, per cent. mill volume. .| 45-50| 46 | 45-50] 45-50 30 40 46 
Fj OLS EL 9 Us) 29810 MSN ANS, I cece cee lecyiey | 27 27 24.4 ae 27 27 27 
Dry tons.per hourd. 2 —... sakes BETSH) O85 7.4 9.8 9.4 10.3 | 11.8 
Product, per cent. — 200-mesh..... 93.2 | 93.2 | 93.5 94.1 93.4 | 92.6 | 92.5 
Kowesbr. Der tONg exch g seb ae 14.9 | 14.9 | 16.2 3 See 9.8 5 sgl) tb ea 


For further data on wear of various types of liners see Tables 65 and 77. 

Head liners are made of the same material as shell liners. Wear of end liners is fre- 
quently much greater than that of the shell liners. See notes (ag), (ay) and (bv), Table 
65, and data on HoLiincerR performance, p. 437. Allen (106 J 867) warns against unsuit- 
able liners and shows (Fig. 32) a wrongly- and a rightly-designed liner. The first wore 
through at the junction of the trunnion and head 
liner, grit and sand worked in behind and scoured 
until the mill collapsed by failure of the trunnion. 
This possibility was prevented in the re-designed 
(second) form. 

Porcelain and wood blocks have been used in 
special instances for liners, 


Choice of liner. The type of liner used 
depends to a considerable extent upon the 
character of the feed. When the feed is 
relatively coarse and relatively coarse prod- 
; : uct is desired, the rough-surface liners, such 
ByG, 32--—Pube-rnill headhiinenssloeai ne Bl Oro, Komata, or ribbed-plate are 
used; with finer feeds, or where an extra fine product is desired, silex or 
metal-plate liners are used. A smooth-iron liner will give the finest product 
and lowest power consumption for a given mill speed; a rough liner will 
give higher capacity unless the finished size is very fine. Comparison in- 
volves consideration of the ability to produce the material desired, life, effect 
on capacity, time to re-line and power consumption, as well as initial cost. 

Grinding charge is composed ordinarily of flint pebbles in sizes varying 


from 2-in. to 6-in. The best flint pebbles come from the seashore in Denmark. 
Inferior imported flint pebbles come from 


France. French pebbles are usually light 
brown to gray on fracture compared to dark 


Wrong way 


Righ 3 way 


Table 59. Trade numbers and sizes 
of imported pebbles 


brown to black of the Danish pebble. New- Peat 
foundland pebbles are graywacke. They atwete West as 
are hard but break readily. Pebbles range 0 1 tol 
from 1- to 7-in. diameter and are graded by : ia 2 - 
number as in Table 59. The characteristics 3 re me a 
of a desirable pebble are: (a) shape as nearly 4 3% to 33% 
spherical as possible; (b) toughness; c) hard- 5 374 to 4 
ness; (d) high specific gravity; (e) chemical > oe ou 
composition that is harmless in the mill ipa 


product; (f) low cost. In using imported 


pebbles the first cost is usually only a small part of the total cost, hence it 


is economy to buy the best. 


In 1915 the best grade cost $11 per ton ready 


| 
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for export, $15 per ton ex steamer New York, about $35 at. Tonopah, Nevada, 
and $62.50 at Round Mountain, Nevada, 72 miles from Tonapah by wagon 
road (110 P 139). No domestic source of pebbles yields a product as good 
as the imported variety. 

At the West Enp mill (110 P 139) artificially-rounded (tumbled) locally-mined flint 
was consumed in a mill with smooth-iron lining in the proportion of 1.05 to 1 of Danish peb- 
bles in a mill with Komata lining and the cost per ton ground was only 4% of the cost of 
imported pebbles. Local pebbles wore flat and occasionally stuck in the grate. At Hepiry 


Gop Mrnine Co. (114 J 1057) Danish pebbles at $33 per ton delivered cost, on the average, 
$2600 per month. Substitution of local pebbles at $4 per ton cut the cost to $600 per month. 


In localities where freight charges on imported pebbles are excessive, 
lumps of local hard rock or hard ore have been used for grinding media. The 
advantage of this procedure is the apparent small cost of the material. The 
disadvantages are, however, several. Grinding is likely to fall off because 
the angular shape of the particles when first introduced is not good for grind- 
ing and because the pieces tend to wear flat and flat shapes are not so good as 
rounded. 

But Graham (7 JCM 317) reports a competitive test in a Ranp plant between mills 
loaded with banket and with Danish pebbles in which, with split feeds, the product of the 
former contained 9.7 per cent. +60-mesh and 64 per cent. — 90-mesh against 11.3 per cent. 
+60-mesh and 61.4 per cent. — 90-mesh for the latter. Bevington (7 JCM 868), discussing 
Graham’s paper, agrees with his conclusions as to relative grinding efficiency and also with 
a conclusion that the banket is less destructive of silex lining. Allen (105 J 1034), tested 
Danish flint against roughly-rounded local felsite. His results are given in Table 60. The 


Table 60. Comparative results of tube milling with imported flint and local felsite 
pebbles. (After Allen) 


Weight, per cent. 
Screen, mesh Felsite Flint 
= Feed Product Feed Product 
10 TE 0 (ee ta te Li yeh = anal Weeeeeaaene ens 

20 12.8 0.4 4.3 0.4 

30 6.2 1.4 3.0 0.8 

60 20.8 15.0 16.6 9.4 

90 81.9 36.4 45.8 41.4 

120 4.7 Met 9.2 11.2 

150 3.0 MD 4.3 5.4 

— 150 6.4 32.4 12.0 31.4 
Monsiledd/ per 24 Hrs 04) MAMA Ue UD. 176 175 
Consumption, pounds per ton........... 11 2.8 
Cosi mdolars) persbOW a. gue opt pres eee ee 0.027 0.089 


felsite was much cheaper per ton of pebble and, therefore, per ton ground. He also tested 
the felsite against quartzitic mine rock and found (Table 61) that the felsite ground more 
material and that less was consumed. Breakage is likely to be excessive, resulting in forma- 
tion of small angular and flat pieces which do little or no grinding and themselves are liable 


to further breakage. 


When hand picking is already practiced the pebble material may be selected 
at little or no cost, but frequently a special operator must be put on for this 
purpose. His capacity will be 15 to 20 tons per day when picking from a belt, 
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if the supply of material is plentiful, much less under any other mode of selec- 
tion. Handling from the sorting place into the mill need be no more expensive 
than the handling of imported pebbles, per unit weight, and may be even less if 
special provision is made, but the consumption of local materials may run up 
to well over 100 lb. per ton of ore ground, so that the handling cost per ton of 
daily capacity will usually be much higher than with pebbles. Large consump- 
tion causes corresponding decrease in capacity of the mill and the feed to the 
balance of the plant is materially diluted by the introduction of barren mate- 
rial. Recovery may also fall off. Quartano (91 J 1017) says that mine rock 
does not wedge into ribbed linings as well as flint pebbles and that liner wear is 
correspondingly higher. He suggests the daily addition of some flints to fur- 
nish liners and says that they will be selected by the mill, and that apparent 
economy may be gained by this practice in certain cases. 


Table 61. Comparative performances of quartz and felsite pebbles. (After Allen) 


Weight, per cent. 
Screen, mesh Mine rock (quartz) Felsite 
Feed Product Feed Product 

30 19.5 0.5 28.5 0.5 
60 15.5 6.0 19.5 10.5 
90 SY teed) 35.0 32.0 37.0 
150 13.0 16.5 10.5 12.0 
— 150 14.5 42.0 9.5 40.0 

‘Tonsrok feed: per 24br. |e ee ees 101 133 

Comparative pebble consumption per ton | 
SEOUING wien ad wea ie aa ean eee ete 2 1 


Pebble charge is ordinarily carried at slightly above the mill axis, averaging 
perhaps 55 per cent. of the total internal capacity. The weight of pebbles for 
this charge is given roughly by the equation W = 40 D?L, where W = weight 
of charge in lb., D = nominal diameter of mill in ft. and L = length of mill in 
ft. Fora charge of any depth, the weight W per ft. of length, in a mill charged 
up to or below the axis, is given by the equation 


W = 4Vw/3+/(0.626V)? + V(2R — V), 


where V = depth of charge in ft., R = radius of mill in ft., and w = weight of 
charging material in lb. per cu. ft., struck volume. This is 100 to 105 Ib. per 
cu. ft. for pebbles and 300 to 325 Ib. per eu. ft. for iron or steel balls. If the top 
of the charge is above the axis, take V as the depth of the uncharged portion 
and deduct W from the weight for a cylinder of radius = R, and length 
= 1, fully charged. 


Burt and Caetani (37 A 3) concluded that efficiency increased with increasing pebble 
load. On the other hand at BELMonT SHAwMuT mill (121 P 660) it was found that although 
there was no change in grinding, there was an increase in power consumption corresponding 
to decrease in pebble volume and that consumption of Danish flint pebbles in a 5 & 18-ft. 
mill was 0.3 lb. per ton in grinding — 10-mesh feed to 4 per cent. on 48-mesh,56 per cent. 
— 200-mesh, when the pebble load was carried 10 to 12 in. below center line, while with the 
pebble load at the center, consumption was 1.3 lb, per ton. Decrease in consumption was 
gradual with decrease in charge. : 
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Testing tube-mill pebbles. A large part of pebble consumption is due to 
chipping, which occurs principally at the feed end of the mill. This has a 
double disadvantage because it reduces the size of pebbles at the point where 
maximum size is desired and also makes it necessary for the chips to pass the 
full length of the mill before they can be discharged, and so consumes consider- 
able power in grinding. Allen (105 J 1033; 124 P 405) contends that toughness 
is the important property of suitable pebble material and that a tough soft 
rock may be superior to a hard but brittle flint. He cites the test given in 
Table 61 in support of this contention. ‘‘ Mine rock ” was a hard but friable 
quartz. The felsite was comparatively soft, but tough. Both were hand 
picked and roughly cobbed. 


Allen suggests testing pebbles for hardness, toughness, and abrasion by the method 
practiced for testing road material. The hardness test consists in measuring the dimunition 
in weight of a standard cylinder of rock (about 25 mm. diam. by 100 mm. long) when abraded 
against a revolving steel disk, using quartz sand as the abrasive, the pressure against the disk 
and the number of revolutions thereof being constant for all tests. An arbitrary coefficient 
of hardness is obtained by dividing the loss in weight, expressed in grams, by 3, and subtract- 
ing the result from 20. The range is from 19.7 for the hardest varieties of quartzite to 0 for 
very soft limestones and sandstones. 

Toughness is tested by measuring resistance to impact. A cylinder of rock with plane 
ends is placed in an impact machine and subjected to the blow of a 2-kg. weight falling from 
increasing heights varying by lem. The’ eight in cm. of the last b ow preceding the break- 
ing blow is taken as the toughness coefficient. The experimental range with different 
rocks is from 2 or 3 to 60. 

Resistance to abrasion is tested by tumbling 50 pieces of uniform size, averaging about 
100 gm. each, in a cast-iron cylinder 20 cm. inside diameter revolved 10,000 times at 30 
r.p.m. The material is removed from the mill after tumbling and sized on a 16-mesh screen 
and the oversize weighed. The percentage loss in weight is called ‘‘ Per cent. of wear,’’ and 
40/‘‘ Per cent. of wear’’ = ‘‘ FRENCH COEFFICIENT OF WEAR.”’ French coefficient varies for 
different specimens from as low as 1 to as high as 40, the higher figure indicating the least 
abrasion, 7.e., the greatest resistance to abrasion. 


Table 62. Wearing characteristics of rocks (toughness 18 or over). (After Allen) 


Abrasion, “ French coefficient "’ 
Roel Samples Hardness, 
tested average 
Low High Average 
Qaartzite rk... 14 7.8 24.5 17.5 18.7 
Rhyolite? S20 ss, : pict alll ect rue, Se aclrres Al beg ee ae ett Peale a 23.0 18.7 
Dioritesee Ae 3 10.8 23.8 17.4 18.8 
PBS Salbe cates ance leo Snes 7 13.8 24.1 20.2 18.5 
LNG HTSRICS fi tree a 2 13.4 14.2 13.8 18.0 
MraChy ted. enw. TT AA RUNES? eee seers cf tes 1214.7 19.1 
MWiahase IY Shs 13 9.7 36.4 19.4 18.6 
Chent2at erethsis = 14 3 5.6 14.9 8.8 19.3 
Limestone. ... :-.-.-.. Hi bea e vltino cheqars shy tuactounsl aoe baeyey sof Sie 4.6 16.2 
ehistser neko. wets 5 8.5 Ol ad 19.6 18.4 
Granmiten. 2 = AEG 2% TOG ER SU AAA Less late SAIN 25.3 18.9 
Dolomite... .: 6... Los eb abe lsbeatpastiaeehe parsed orathargt seobveertas 7.4 18.2 


Table 62 gives abrasion and hardness coefficients on a variety of rocks having a tough- 
ness of 18 or over. After study of a large number of tests Allen concludes that for pebble- 
mill work toughness should be more than 18, that the French coefficient should not fall below 
16, and that, these coefficients being equal for two rocks, the one with the greater hardness 
coefficient will make the better pebble. For detailed procedure in testing see Bull. 347, 
U.S. Dept. Agriculture. 

Hotchkiss (104 J 288) reports competitive abrasion tests on imported flints and Baraboo 
(Wis.) quartzite pebbles in which the quartzite showed considerably greater resistance. 
There are no corresponding tests of behavior in actual tube milling. 
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Pebble consumption varies according to the kind of pebble, hardness 
of the ore, size of feed and product, type of liner, pulp dilution and total feed 
rate. When mine rock is used, the consumption ranges from 15 to 200 lb. 
per ton of feed. With flint pebbles the average, according to Table 65, is 
about 2 Ib. per ton and the range from 0.5 to 8.0. Hard ore, naturally, 
causes greater consumption than soft. Coarse feed consumes more than fine. 

At West Enp mill (110 P 139) feed was battery product through 0.27- and 0.19-in. 
screens, hard but not tough quartz. Mill product was 80 per cent. —200-mesh. Pebble 
consumption averaged 7.1 Ib. per ton; range was from 4.8 lb. with the finer feed and Danish 


pebbles to 8.7 Ib. with coarse feed and French pebbles. Consumption at three other mills 
in the district taking finer feed and finishing to the same size was 4.2, 4.4, and 4.7 lb. per ton. 


Fine grinding consumes more pebbles than coarse, as is quite consistently 
indicated by Table 65. Consumption in closed-circuit grinding is greater 
than in open-circuit work, as a general thing, but it is probable that this is due 
to the fact that the product of closed-circuit work is generally the finer. 
Ribbed liners cause higher pebble consumption than smooth on account of the 
greater tumbling that they produce. High moisture content causes high pebble 
consumption. Consumption per ton of initial feed is lower the greater the cir- 
culating load. Table 63 (98 J 471) illustrates this fact. 


Table 63. Effect of total mill tonnage on pebble consumption. (After Mishler) 


Tonspinitialeteed: pen 24uhriinn ta soeses OS. neta 26.1 40.3 42.0 50.0 
Mangitotalteedtper 24 brie gs. xheess.lsines .enel 35 80 85 200 
Pebble consumption, pounds per ton............. 127.9a 15.8 15.3 8.2 


a Includes 110 1b. of local hard rock. 


At Miami (47 A 64) it was found that increase in length of cylinder of a 6-ft. conical pebble 
mill decreased pebble consumption by nearly 50 per cent. It was also found that pebble 
consumption was dependent on size of feed, amounting to 1.85 1b. per ton on — 2.5-mm. feed 
against 3.60 lb. with —6.5-mm. feed. , 


Small iron balls (BALL-PEBS) have replaced pebbles in tube-mill practice in 
some plants with marked increase in capacity. The change usually requires 
change of liners and change in drive to transmit the additional power or the 
mill must be run with an undercharge of balls. Increase in capacity is roughly 
in proportion to increase in power consumption. See Tables 84, 86 and 87. 
Substitution of balls for pebbles must be carefully made, however, because of 
the considerable increase in strain on the mill, the shell and bearings of 
which were designed for a pebble load. 

Feeders are of three general varieties known respectively as scoop, elbow 
and squirt. The scoop feeder is of the spiral type, ordinarily one-way: sim- 
ilar in every way to ball-mill feeders except not ordinarily so heavily made wee 
of such large opening. i 


t EVADA PACKARD t 8 p eeder has removable side s whi e its i - 
: At Nev Z the scoop f s plate y Ss 
ch permits inspec 


The elbow feeder consists of a flanged elbow leading into the trunnion and 
packed to prevent leakage. The squirt feeder is used to introduce relatively 
fine liquid feed from a classifier spigot or similar source and consists of a nozzle 
pipe passing through a stuffing box into the trunnion. 

Discharge from tube mills may be of simple overflow (center-discharge) 
type, in which case the discharge-trunnion opening is frequently of larger Re 
eter than the feed trunnion; or a quick discharge with sand elevator is used 


) 
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A slotted grate is frequently placed near the discharge end to prevent discharge 
of pebbles. The grate is usually placed in the mill proper close tothe trun- 
nion and is bolted to the shell. This makes it impossible to observe the inside 
of the mill and the grate wedges badly and is hard to 
remove. 
Allen (Fig. 33) shows a form of trunnion grate that screws 
‘against the trunnion liner; it does not blind readily on account 
of the large peripheral discharge space (a) and is easily removed. 
Scoop discharge is a quick-discharge mechanism 
for tube mills, consisting of a spiral placed between 
a grate and the discharge-end head of a tube mill. 
It picks up material discharged through the grate 
and delivers it through the discharge trunnion. 


= Fic. 33.—Trunnion 
Graham (16 JCM 59) presents the data in Table 64 sum- grate for tube mill (103 
marizing tests on mills with and without scoop discharges at J 1072) 
City Dezp Miuu, Rand. The table shows that the tons of : 
—90-mesh produced per horsepower-hour is substantially the same both with and without 
scoops and irrespective of the size of scoop, that capacity is greater with than without 
the scoop and greater with a scoop of large (58-in.) diameter than with a small (24-in.) one, 
but that pebble (and presumably liner) wear are greater with scoops than without and 
greatest with the scoop of greatest diameter. The conclusion from the tests is that if pebble 
and liner wear cost more per ton than the capital expense of additional mills, use the center- 
discharge mill, otherwise, the scoop mill. 


An incidental apvantTaGe of the scoop discharge, which may become impor- 
tant in certain instances, is the fact that it permits the use of smaller dis- 
charge trunnions and thus saves head room. Mueller (98 J 564) com- 
menting on his experience with quick-discharge mills grinding through 35- 
mesh at CoBaALt, in open-circuit, condemns both diaphragm and quick dis- 


that it discharges too much oversize and causes excessive pebble consumption. 
He admits the possible usefulness of the quick discharge in closed-circuit work 
with large circulating load. The quick discharge has also been used when it 
was wished to use the tube mill as a granulator for table feed (99 J 694). 

At Gotp Hunter a 5 X 14-ft. mill with radial adjustable shutters ground 130 tons of jig 
middling per day in closed circuit with a 20-mesh Callow screen. The product contained 
30 per cent. — 200-mesh; power consumption was 30 hp.; pebble consumption, 0.9 Ib. 
per ton. Without the quick discharge the capacity was 112 tons to 40 per cent. — 200- 
mesh; power consumption, 33 hp.; and pebble consumption 1.2 lb. per ton. .. 

A bell-shaped discharge lip, similar to that used in ball mills, and drip rings 
to prevent grit from working back into the discharge bearing are used in some 
cases. With open-end discharge it is common practice to fit the discharge 
bell with a trommel with 14- to 4-in. screen which serves to separate wood 
chips and pebbles yet passes pulp readily. 

Pebbles are fed by throwing them through the discharge trunnion of center- 

‘discharge mills. In other cases the discharge-trunnion liner has a reverse 
helix cast on the inner surface which serves to turn back pebbles and also to 
carry in pebbles fed through the discharge trunnion. In grate mills pebbles 
must be fed through the feed trunnion. This is readily done with scoop 
feeders but not so readily with the elbow type. When local rock is used for 
a grinding medium the tonnage necessarily fed is large and special provision 
is frequently made for charging. 


Support. Tube mills are almost invariably supported at the head end by a trunnion 
‘bearing. The discharge end is supported by trunnion bearing or, less frequently, by tire 
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and rollers. Dowling (RMP) says that trunnion mills on the Rand have required less 
maintenance than tire-and-roller mills. 


Drive problem is substantially the same as for ball mills (p. 349). 


Bulkley (54 A 137), writing of SourH AFrrIcaN practice, says that belt drive to pinion 
shafts from 500- to 600-r.p.m. slip-ring motors with high starting torque (150 to 200 per 
cent. of full load) is usual and that with such a rig there is no necessity for a clutch or belt- 
shifting devices. Motors (250-r.p.m.) direct-connected to the pinion shaft through a flex- 
ible coupling failed through breaking down of the motor winding on account of vibration 
transmitted through the coupling. At Nipissinc (48 A 16) the belt from 125-hp. motor 
with 24-in. (diam.) pulley to the 96-in. pulley on the mill countershaft is 18-in. 8-ply endless 
rubber. The pulleys range from 19-ft. 4-in. to 24-ft. 4-in. centers horizontally on different 
installations in this plant. The belts were highly satisfactory and did not have to be cut 
or spliced in the first 12 months. 


Setting up. For detailed instructions see Labbe, 101 J 777. 
Manufacturers. Same as cylindrical ball mills (see p. 359). 
Performance of tube mills is shown in Tables 65 and 65a. 


At Beitmont Surr-Inier a 5 X 16-ft. mill in closed circuit grinds 80 tons per 24 hr. to 
70 per cent. — 200-mesh for 60 hp. with a consumption of 0.6 lb. white-iron liner and 5- to 
6-lb. Danish pebbles per ton. At Hoxtiincer (Bul. CMI, Mar. 1922) two 6 X 16-ft. mills 
charged with 11 tons of pebbles each (5 in. above axis), running at 24 r.p.m. crush 300 tons 
each of new feed per 24 hr. to 70 per cent. —200-mesh. The total tonnage is three times 
the original. Power consumed = 115 hp. each. Pebble consumption = 1.33 lb. of 4-in. 
flints per ton of new feed. Ribbed white-iron shell liners last 22 months; end liners, 16 
months; cast-steel grates (24 X 34-in. slots) last 6 months. At the same plant 5 X 20-ft. 
tubes following the stamps crush 160 tons new feed per day to 70 per cent. — 200-mesh. 
Total tonnage is about 500 for each mill. Charge, 9 to 9.5 tons of flint pebbles to 5 in. above 
the mill axis; 2814 r.p.m.; 75 hp. for one mill and one Dorr classifier. Pebble consumption, 
5 Ib. @ 4-in. per ton of new feed. At New MopprerronteIn (109 J 255) 6 XK 201%4-ft. 
mills at 28 r-p.m. with Osborn liners and scoop discharges, in closed circuit with cones, grind 
240 tons per day from —3-mesh battery product to 60-mesh. Each mill has a 150-hp. 
motor, 


14. Operation of tube mills 


Capacity depends upon the physical character of the ore, the size of miil, 
size of feed and product, weight of charge and size of pebbles, speed, liner, and 
whether the mill is in closed or open circuit. The effects of the several 
variables are much the same as in the ball mill. (See pp. 387-409.) Table 
66, which is generalized from Table 65 and from manufacturers’ catalogs gives 
figures that are reasonably safe for estimating purposes on average ores. 


James (21 IMM 3) gives a generalized figure for capacity of Rand mills of 10 tons per 
day per ton of pebble load or 1.5 tons per horsepower-day (0.062 ton per horsepower-hour) 
from — %in. to —90-mesh. Ball’s generalized figure (21 IMM 3) is 150 tons per 24 hr. to 
60-mesh from a 5144 X 22-ft. mill drawing 75 to 90 hp., or 0.069 to 0.083 ton per hp.-hr. 
At Ex Oro the capacity is about 1.2 tons per hp.-day (0.05 ton per hp.-hr.) from sand to 
150- or 200-mesh. Glieser (97 J 463) gives 0.087 ton per hp.-hr. to 90 per cent. — 100-mesh 
on this ore and about the same when grinding from 7 per cent. + 60-mesh to all-through 200 
mesh. Average tons per horsepower-hr. from Table 65 are: 0.179 grinding to table sizes 
(10- to 20-mesh); 0.073 ton per hp.-hr. to flotation size (48- to 65-mesh); and 0.040 ton 
to 100-mesh. Brown (105 J 246) says that a tube mill can safely be fed 0.75 ton per cu. ft. 
of mill volume per 24 hr., including classifier return. This figure, developed from cyanide 
milling, is low for flotation practice and low for the most advanced cyanide practice at the 


present time, but accords well with practice in older mills. 


Character of ore has, in general, more to do with the grinding done in tube 
mills than in ball mills for the reason that tube-mill feed and product are nor- 
mally both finer than ball-mil] and the bulk of the work of the tube lies in 
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FINE GRINDING 


Table 65a. 


Sec. 4. 


Sizing tests 


(Figures under the headings F 


Reference numbers..........- 2 4 5 6 
Plant Granitio ||) U. S28 R, (0, 8.8, Re |e eee 
Secon aperiare zinc ore & M., Loreto | & M., Loreto Cues 
Mesh In. Mm F Pp F FP F 'P F {2 
4 0.18 
6 0.13 
8 0.093 
10 0.065 
1 Spinal Rei, tee 
14 0.046 
20 0.033 
28 0.023 
35 0.016 
AQ Nabi see Oe 
48 0.012 
(OME 9): 2a eee 
65 0.008 
£510) a5 bas eae eee 
Oty my) Gree Soe ore 
100 .006 
2 ORF oe <-:88,, oe 
150 0.004 
LOOT eet ee ot 
200 0.003 
Ae Al latrc, «Pees rcde. sins 
280m Noes ae 


Reference numbers 


J See 16 17 18 19 

Plant Granitic Granitic Chino Cons. Alaska 

ee anertune zine ore zinc ore Copper Co. Gastineau 
Mesh In. Mm F P F iP: F P F P. 
4 0.18 ASAT! | Setases' |x SAL Dat Boa sevccs (Ne a tee oN eee 

6 0.13 S288. Wo Se le aes IER Aliorccoe eee  bee 
8 0.093 ID Sa elec wisn eevee < laa, ie, [ine cll eect gene tae 
10 0.065 1.65 12S \oe3 |e 9u ||. Ord lade ler Ow ete mo a anon 
1A | 4020466 |p = Tale e216 519" Od | Ort eltdo ON eons ate | eee 
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Table 65a. Sizing tests referred to in Table 65—Continued 
Reference numbers.......... 29 30 31 32 
Plant re : 
Nevada McKinley McKinley ce aes 
Packard Darragh Darragh Nipissing 
Screen aperture 
| 
Mesh In. Mm F P F RP: F 12 F i 
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14 0.046 SRK Pata ee sce 10.7 O20. 1206) dans los 6.5: Ibowenie 
20 0 033 0.83 OO Ws sake 7.2 O62 fo kbc Bac ot oe Sd TE eters 
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NOTES TO TABLE 65 


a Italic numbers refer to column numbers in Table 65a. i White-iron tips. J Fixed 
amount added daily as calculated from tonnage and wear per ton. m One 5 X 8-ft. and 
three 5 X 14-ft. mn Feed is classifier sand, all through 35-mesh, 90 per cent. + 100-mesh; 
product of classifier, 75 per cent. —200-mesh. o El] Oro, Komata and wave in different 
mills. p Mine rock, largely rhodonite. g Seven 5 X 16-ft.,one 5 X 20-ft., two 413 & 15- 
ft., one 4 X 20-ft., eight 444 X 20-ft. ry Ten 414 x 20-ft., one 5 X 20-ft., three 444 & 15- 
ft. s Primary mills 4, secondary §. Product in both columns is classifier overflow. 
t Primary mills 6, secondary 7. Product in both columns is classifier overdow. u Cascade 
and El Oro. v Primary mills, 6 months; secondary mills, 12 months; see also note (s). 
w Primary, cascade type, 5 months; secondary, El Oro type, 16 months. See also notes 
(t) and (uw). x Primary mills have no grates. Secondary mills have baffles to hold back 
grinding media. y 6-in. in primary mills, 3-in. in secondary. z Classificr overflow is 
1.5 per cent. +100-mesh and 78 per cent. —200-mesh. A Hard-iron and manganese- 
steel bars. B Average of 3-yr. operation: labor on repairs, $0.0036; supplies, $0.0044; 
liners, 0.0233; pebbles, $0.0771; total, $0.1084. C Screen test of feed (F) is a composite 
of original plus classifier_return; product (P) is classifier overflow. CJ Cast iron. 
CCI Chilled cast iron. Cr Chrome steel. D Leaky liner bolts. DC Dorr classifier. 
DF Danish flint. £& El Oro ribs of hard cast iron, partially replaced after 133 days; con- 
sumption, 0.60 lb. per ton of mill feed. F Largely rhodonite and quartz. FF French 
flints. G Three 5 X 16-ft.and two 5 X 18-ft. Tonnage of new feed to 18-ft. mills = 80 
per 24 hr.; total, 100 tons per 24 hr. Gr Grease. H 50-hp. motors on 16-ft. mills; 
actual power 66, 75 and 76 hp. respectively on the 3 mills. One 50-hp. motor on one 18-ft. 
mill draws 79 hp.; one 100-hp. motor on the other 18-ft. mill draws 84 hp. J Classifier 
feed all passes 3-mesh, 20 per cent. —200-mesh; classifier sand to tube mills; classifier 
overflow, 70 per cent. —200-mesh. J Local quartz and chalcedony pebbles. High con- 
sumption due to poor quality. K One 5 X 20-ft., seven 5 X 16-ft., eighteen 444 X 20-ft., 
one 4 X 20-ft., arranged as the second and third steps in a 3-stage series of which stamps 
and Marcy ball mills in parallel are the first stage. LZ Dorr and Esperanza classifiers. 
M Feed is ball-mill and gravity-stamp discharge, all through 2-mesh. Product of secondary 
mill classifiers is 75 per cent. —200-mesh. MC Various types of mechanical classifiers, 
e.g. Dorr, Akins, Ovoca, Esperanza. Mn Manganese steel. MR Mine rock. N 40 per 
cent, of mill fall. O Oil. O , Classifier overlow, 80 per cent. —200-mesh. P Rolls, 
ball mill, tube mill, screens, and Dorr classifier tended byone man per shift. Q Power 
repairs, overcrowding of cyanide department. R Classifier overflow is 1 per cent. + 100- 
mesh, 72.3 per cent. —200-mesh. S Classifier overflow is 0.5 per cent. + 48-mesh, 68.2 
per cent. — 200-mesh. SS Spiral scoop, one-way. T Inspection and re-lining. U 3-in. 
to 7-in.; weight, 7 to 16 lb. a piece. V Classifier overflow. W Tended by battery man. 
W/ White iron. X Power shortage; re-lining. Y Cast-iron sole with plate sides. Z Re- 
pairing tires and rollers. a@a@ Indefinitelylong. ab See page 347. Same except that silex 
blocks replace quartzite. Consumption of silex, 0.16 lb. per ton; iron 0.097 lb. per ton. 
Material for 5 & 22-ft. mill: 900 @ 44% X 5 X 84-in. silex blocks, weighing about 13 lb 
each; 19 cu. ft. each Portland cement and fine sand; 10 rows cast-iron ribs, 471 in, long 414 
in. deep, 2in. at base tapered to 134 in., weight 110 lb. each. Two men line the mill in 
three shifts. One shift for lower half, one shift live steam, one shift cooling with draft; 
then one shift for 14 of lining followed by the same drying and cooling; then one shift for 
the final 14, followed by 12 hours’ steaming after which the pebble load is put in and the 
mill started. The addition of soda ash to the mortar hastens setting and permits the mill to 
be put into use in 8 or 10hr. The use of the iron ribs has greatly lengthened life of lining. 
Present life 214 to 3 years (102 J 27). ad Inspection and changing grates. ae 365 and 
still good. Hard white-iron lifter bars last 9 months. af Adamant blocks (quartzite 
cubes) from Iowa and pebbles from California are a fair substitute for Danish pebbles. 
The consumption is almost twice as great but the cost per ton ground is about the same. 
ag Shell is lined with cast-iron plates and filler bars and manganese-steel lifting bars. 
54 X 7-in. ship-lap false liners used between the shell and the shell liners. The outer circle 
of the end liners is Forbes type with flint cubes concreted in, all backed by }4-in. boiler 
plate. The inner circle end liners are cast iron. Trunnion liners are manganese steel. Life 
of shell liners, 450 days; Forbes-type end liners, 430 days; feed-end inner circle, 210 
days; discharge-end inner circle, 600 days. Discarded high-carbon-steel roll shells, 
approximately 114 in. thick, when cut and shaped to replace cast-iron shell liners, have 
double the life of the latter. ahTwo 7 X 10-ft.andone 7 X 12-ft. Data refer to both. 
ai Anaconda classifier and bucket elevator. aj Classifier overflow is 1.3 per cent. 
+20-mesh, 18 per cent. — 200-mesh. ak Three mills and two jigs operated by one man. 
al Once a week through man-hole. am Loaded to keep ammeter constant. an Cost per 
ton, $0.0116. ao Cost per ton, $0.0105. ap Compare with 8-ft. X 36-in. conical pebble 
mill atsame plant, Table 77. aq 98 J 564. Compare 8-ft. X 18-in. conical pebble mill, 
Table 77. ar Compare 8-ft. X 20-in. conical pebble millat same plant, Table 77. Against 
the slightly better grinding shown by the cylindrical mill, the conical mill requires 
40 per cent. less floor space, has lower pebble and liner cost, and is less sensitive to 
inequality in feed rate. as The same screen tests are given at 20 CMI 98 as cor- 
responding to 150 tons new feed per 24 hr. In the same article screen tests (265), 
Table 65a, are given as corresponding to 200 tons new feed per 24 hr. at 16 Aa 126 
Ore notoriously hard (97 J 464). au Ribs 4 in. wide, spaced 15 in. and when new stand 
31{ in. above plate, which is 114 in. thick. av Fills mill to 2 in. above axis, which has been. 
determined to be the best height. aw Pyramidal diaphragm boxes. See Sec. 6, Art. 5. 
ax 123 P 88. ay Wear on ends was more severe than on shell. az Tasmanian quartzite, 
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ba One mill 6 X 5-ft. and one 6 X 10-ft. in series. The first mill is in open circuit and 
discharges to a Dorr duplex classifier; the second is fed with the classifier sand and runs in 
closed circuit with the classifier. The first has since been changed to a ball mill lagged 
down to 5 ft. diameter. See Table 5. 66 Removable side plates. White-iron digging 
lip, life 6 months. 6c One-half silex and one-half rhyolite. bd Column 28, Table 65a 
gives feed and discharge of first mill and column 29 of second. Classifier overflow contains 
0.4 per cent. +60-mesh and 83.3 per cent. —200-mesh. be Screen tests of a run at 30 
tons per 24 hr. with diaphragm removed are given in Column 30, Table 65a. bf 8 in, 
below discharge level. bg 98 J 469. bh See Table 73. 6i Classifier overflow is 0.2 
per cent. +150-mesh, 96.4 per cent. —200-mesh. 6 Later reduced to 16 r.p.m. without 
change in capacity or grinding but with reduction of 33 per cent. in power. bl 48 A 16. 
bm 6 X 6-in. inside. 6n Flint and hard run-of-mine. Charge carried 2 to 3 in. above 
axis. Consumption 1.8 Ib. of flint plus 2.0 lb. of hard ore per ton of feed. bo The mill in 
parallel with this discharged, at the time of sampling, a product containing considerably 
less coarse sand but 9 per cent. less —200-mesh. 6p Classifier overflow, 1 per cent. 
+200-mesh. 6g 60 A 103. br Classifier overflow. 6s 111 J 58. bt Classifier over- 
flow, 80 per cent. —200-mesh. 6u Lumps of hard quartz, hard silicious rhyolite and 
serap iron all failed to grind satisfactorily. _Run-of-mine ore (soft calcite) wore too rapidly. 
River pebbles most satisfactory available material, but consumption was 110 lb. per ton 
and they cost $0.13 per ton ground. 6v Shell about 8 mo. Pebbles will not wedge so 
all wear is taken on the iron. End-liners 4 months. 


Table 66. Capacity of tube mills 


Size, Size, 
diameter From Ro Tons per diameter From To Tons per 
length, mesh mesh 24 br. << length, mesh mesh 24 hr. 
feet feet 
34x 12 8 20 62 5X18 8 40 170 
Pa) 3) eo ea 8 40 52 Hs ER Sa 8 60 122 
FAQ EL | 8 60 31 SETA DS. 8 100 64-90 
A Tee ae: 8 100 23 * 3 100 60 
34x 14 8 20 74 * 10 100 70 
> eas Cree 8 100 27 5X 20 8 60 136 
3% xX 16 8 40 60 * 8 65 50 
Fy eee 8 100 31 = 20 65 125 
4x8 8 20 66 beh Bs 8 100 70-100 
aco, Se OEE 8 100 INS, F5 C22 14 35 100 
4x12 8 20 94 * _ 20 65 125 
SS Eee yapart 8 40 66 eee eee 8 100 75-110 
eee eye: As 8 60 47 5 60 150 40-50 
eye Sesest sash 8 100 29 *5 16X22 | — 34-in. 90 130 
4x 16 8 40 86 *6x 9 8-mesh 20 145 
IAS ADS ONY 8 60 61 6x 10 8 20 200 
Seri n Exaedies 8 100 38-45 5 Ree misao: 8 40 139 
4X 20 8 60 VA pean) | har SRB ER Se 8 100 63 
ee ee 8 100 40-55 *6X 12 6 10 200 
a 35 200 LOST Bilkek ated aa 8 20 238 
*4 6X 20 14 35 V7O) Tepper) O4 8 40 166 
*4 34x 18 8 60 THO=—1TZO Ni FAIR, ee 8 60 119 
5X7 8 20 90 8 100 val 
5X8 8 100 42 6x 14 8 20 276 
5x 12 8 20 LCG cine diss vies 8 40 193 
ALSO ng se 8 40 110 Codes... OE 8 60 138 
ahtasie. OT 8 60 80 oD AMIE, 28) 8 100 80 
FIRG eet 8 100 50 cs 4 100 90 
5X 14 8 20 188 *6 xX 20 4 20 122 
* 4 2 SO Se ects te 8 60 195 
Aden de 8 40 130 ae eee 8 100 107-144 
* 8 60 90 * 6 150 68 
dhianottian: 8 100 54 * 20 200 122 
* 10 100 50-60 HISTO 6 10 600 
*5X 16 10 35 50 eh 8 10 300 
Aaa aes 8 40 150 * 8 14 300 
* 3 60 70-80 * 6 20 350 
* 8 65 VaOSt (HM, ah. Serhie 8 100 85 
* 28 65 45 *7X 12 2 60 260 
SOT ane we 8 100 59-80 D cpt OS oh 8 100 94 


* Marks data from actual operations. Other figures generalized from makers’ catalogs. 
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grinding the ultimate crystals of the rock-forming minerals, while much of the 
work of the ball mill lies in breaking the rock along the parting surfaces between 
the crystals. Resistance to such parting is much the same in many rocks, 
hence the resistance of such rocks to ball-mill grinding is similar. But the 
ultimate mineral crystals differ widely in hardness and toughness and there is 
consequent variable resistance to grinding in the tube mill. Accurate data on 


. this score, which will form a basis for comparison between plants, are substan- 


tially impossible to collect and present, but the possible differences in grinding 
resistance must be borne in mind in estimating capacity, and final estimates in 
important cases should always await the test of actual trial. 

Size of mill affects directly rather the size of feed that can be handled, 
size of product, and mill efficiency, than capacity, except that it is true 
that the larger mill has the larger Table 67. Relation between tube-mill diam- 
capacity, from a given size of feed eter and size of largest feed particles as recom- 


to a given product size, roughly in mended by Chalmers and Williams 

proportion to the comparative vol- 

umes. The diameter of the mill is Diameter of mill recom- 

one of the factors affecting the force Size of mended, inches 

of impact of the pebbles and also the | largest feed 

superincumbent weight on the revoly- particles, For For 

ing pebbles in the grinding mass, hence Roe 100-mesh |20- to 60-mesh 

it affects the work done by these product product 

forces. The length of the mill and 1 hoa aol Uline... 

feed rate determine the duration of iets) 2 gimaiall teePees eee 40 

the crushing action on any given vol- 2 i 
. F Sit aavisaiitien searcher as 48 

ume of feed and for a given size of feed a aN BaD pi 

and product, length and feed rate vary ZAQEOTS POMEL O66) SG 60 

directly. Table 67 arranged from 6 | 1 eee iat crete gets 

Chalmers and Williams’ catalog rep- as praise pumas ne 

resents one school of thought as to the i eh fl hata re ae 


relation between diameter of mill and 
feed size. Brown (104 P 206) states that as a result of careful tests he has con- 


cluded that it is a waste of power to use larger than 4-ft. working diameter for 
—6-mesh feed; that small feed could be best crushed in smaller mills except 
for inconvenience in repairs; and that 5 ft. inside liners is big enough for 
—l-in. material. Gieser (97 J 463) summarizes the literature of American 
and foreign practice in cyanide plants and concludes that notwithstanding 
published results to the effect that the smaller-sized mills are the more efficient, 
especially on finer feeds, the majority of American mills are 5 X 18-ft. and the 
African mills 514 X 22-ft., irrespective of the feed size. In the use of tube 
mills for preparing flotation feed, 6- and 7-ft. mills have been used for 10-mesh 
feed, on account of the shorter lengths used (10 to 12 ft.) and the high capaci- 
ae enn experience of all who have worked with tube mills that 
the bulk of the crushing is done in the head end of the mill and that, in a long 
mill, very little crushing is done in the last few feet. Fig. 27 shows this in an 
operating mill and Fig. 34 (L. C. Pan, Columbia Uniw., 1924) shows the same 
thing in batch grinding. Table 68 shows that in a Rand tube mill, wet-grind- 
ing, crushing of coarse particles proceeds at a rapidly falling rate along the 
mill and that substantially 80 per cent. is completed in the first half. Produc- 
tion of —90-mesh is likewise performed at the greatest rate near the head end 
and 74 per cent. of the total sliming is done in the first half, but on the other 
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hand 20 per cent. of the total is done in the last 4 ft. The reason for the 
apparent inefficiency of the 12th to 17th foot inclusive is not apparent from the 
data, When, however, a mill is run open circuit, great length must be pro- 

vided in order to crush the last 


yates By pete of the oversize grains, and the 


finer the final product the greater 
ing oe an ean a I, the length that must be provided. 
Site Even for closed-circuit grinding, 
in which the classifier or other 
guard machine sends back the 
oversize, manufacturers recom- 
mend longer mills for finer prod- 
ucts. Thus Chalmers and Wil- 
liams recommend 6.5- to 14-ft. 
lengths for 20-mesh product; 9- to 
18-ft. for 40-mesh; 12- to 20-ft. for 
60-mesh; and 16- to 22-ft. for 100- 
mesh for closed-circuit work and: 
2 {t. above the maximum lengths 
recommended above for open- 
circuit work to the same sizes. 
Recent experience has shown that, 
if sufficient classifier capacity is 
provided to handle a large return 
tonnage, the shortest mills above listed are long enough for the respective 
sizes, and since power consumption is proportional to pebble load and hence to 
length, these are the most efficient. 
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Fig. 34.—Effect of 'grinding time (length 
of mill) on product of a tube mill. 


Table 68. Rate of grinding in 5144 X22-ft. tube mill. (After Dowling, RMP) 


Grinding, per cent. of 
Sizing test, per cent. weight total reduction, 
Location of sample effected 

+60 +90 —90 +60 —90 

Peed er. gaye les tays isa attests pies 73 20 % 0 0 
4 ft. from feed end.......... 46 29 25 45.8 36.0 
11 ft. from feed end.......... 26 30 44 79.7 74.0 
18 ft. from feed end.......... 19 34 47 91.5 80.0 

Biselkange:t lusts oe. ko tiese stad 14 29 57 100 100 


Robbins and Hanson (109 J 194) report a test at Hoturncrer in which 6 X 15-ft. tire- 
and-trunnion mills with 42-in. discharge opening were run on 1%-in. disk-crusher product in 
competition with 5 X 20-ft. mills. All mills choked at normal tonnages. When feed was 
prepared in a ball mill, pebble and power consumption and general maintenance were all 
higher per ton ground in the 6-ft. mills. The writers attribute this reversal of rec®nt South 
African experience to the fact that Hollinger ore is soft and friable while the Rand ore is 
hard and tough and to the fact that an all-slime product was sought while South African 
practice is to make a 60-mesh product. 


Size of feed. Within limits, the amount of fine material produced per mill 
per unit of time increases with the size of feed. This general trend is shown in 
Table 69. Table 73 apparently emphasizes this fact but the fine feed there 
was a sand-table middling containing the hardest fraction of the original feed. 
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Nevertheless, by no means the whole difference is due to the mineralogical 
character. 


Table 69. Performance of 514 x 22-ft. tube mills on Rand ore, using 6- to 9-in, cubes 
of banket for grinding medium 


scum of bat- mone reed —90-mesh in | Tons — 90-mesh 
tery screen, per 24 hr final product, | per day in final 
linear mesh t per cent. product 
2.24 145 79.3 115 
2.83 150 85.1 128 
3 125 84.6 106 
3 138 85.2 118 
3 129 84.2 109 
4 113 79.1 89 
5 146 80.8 118 
5.1 126 77.6 98 
6.85 107 64.0 69 
7.94 132) 76.4 101 
8 144 85.7 123 
8 146 81.4 119 
8.06 143 81.0 116 
8.12 146 his 113 
8.5 137 78.4 107 
8.5 130 79.2 103 
10 145 83.0 120 
12 126 HS) 95 
12.6 130 81.5 106 
ONT 131 OAT, 99 
15.8 119 76.4 91 


In 1910 the duty of Ranp tube mills (71 A 983) treating stamp product through 15- to 
25-(linear) mesh screens was not more than 80 tons of —90-mesh product per 24 hr. In 
1919 a duty of 125 to 135 tons of —90-mesh was good current practice, the feed being 
stamp product through 0.75-in. screens. Total load, including circulating, with this duty 
was about 400 tons. This later practice involved the discharge and return to the stamp- 
mill bins of rejected rounded pebbles passing 1-in. circular holes and amounting to 0.5 to 
2 per cent. of the total mill feed. Gieser (97 J 466) cites a Sourn Arrican mill that was 
divided for experimental purposes into two sections, one with 60 @ 1500-lb. stamps and 4 
tube mills crushing about 16 tons per stamp per day through 0.3-in. and finishing to 65 or 
75 per cent. —90-mesh in the 4 tubes; the other with 160 @ 1500-lb. stamps and 4 tubes, 
crushing 6 tons pe r stamp per day through 30-mesh and finishing in tubes. There was very 
little difference in the size of the final product in the two sections. The latest practice is 
the New Stare ArgAs plant (113 J 1088) in which ore is crushed by jaw and disk crushers 
to —1-in. and then sent to 64% X 20-ft. tube mills, driven by 250-hp. motors. Feed rate 
is 120 to 130 tons per day. Davis, Willey and Ewing experimented with yet coarser feeds 
and found that by increasing the circulating load, increasing the size and number of aper- 
tures in the discharge screen and making a reject-pebble discharge of about 25 tons per 
mill per day, the duty was increased to 130 to 140 tons of —90-mesh product with — 1-in. 
feed. By further raising the feed size to — 134-in. and rejecting 15 to 20 per cent. of the 
total feed as coarse pebbles the duty rose to 145 to 150 tons of —90-mesh product and 
the product contained a high percentage of —200-mesh material. With yet coarser feed 
(12.6 per cent. on 2-in.), 1.75-in. slots in the discharge screen and screen oversize broken 
in a set of 36 X 16-in. rolls and returned to the mill, 135 tons of ore and 12.9 tons of pebble 
rock were fed to a 5 X 22-ft. mill daily and produced 144.32 tons —90-mesh, leaving 2.3 
per cent. on 90-mesh. The product contained 62.5 per cent. —200-mesh which was 15 
per cent. less than in subsequent products when the mill circuit was closed by a Dorr classi- 
fier instead of diaphragm cones. With slightly finer material (2.1 per cent. on 2-in.) the 
mill feed was 144.2 tons plus 14.2 tons of pebble rock; the product contained 0.2 per cent, 
on 60-mesh, 4.2 on 90-mesh and 60.4 per cent.—200-mesh, and the duty was 151.48 tons 
—90-mesh per 24 hr. Increased duty with coarser feeds is ascribed by the above workers 
to be due to the ease with which the corners are broken and rubbed off irregular pieces, thus 
readily producing fine material, and to the free rejection of small rounded lumps and their 
re-cracking to irregularly shaped pieces before re-introduction to the mill, This process, 
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started in regular operation at the Sprinas Minus in June, 1923, produced during the first 
month an average of 147.4 tons — 90-mesh material per 514 X 22-ft. mill in a product contain- 
ing 2.1 per cent. +90-mesh and 71.4 per cent. —200-mesh. The circuit was closed by a 
Dorr classifier. It is to be noted that the economic efficiency of this method is probably 
limited to operations in which ore is. used as a grinding medium. Using flint pebbles the 
pebble consumption would be too high. 

Burt and Caetani (37 A 3) found that efficiency increased with coarseness of sand fed to 
the mill, up to 25-mesh. In the coarser range, at the old GoLDFIELD ConsoLiIDATED mil in 
which everything was ground to pass 200-mesh, the most efficient work was done by stage 
grinding, from 1.5-in. to 4-mesh in 1050-lb. stamps, thence to 16-mesh in Chilean mills, and 
finishing in 5 X 22-ft. tube mills. (102 P 616.) 


Size of product. Capacity and grinding efficiency both decrease with 
decrease in the size of product. Davis, ef al., found in working through a 
relatively narrow size range of product that the percentage increase in total 
tonnage ground was about twice the percentage decrease in amount of —200- 
mesh material in the product. Table 65 shows 0.040 ton per hp.-hr. grinding 
to 100-mesh and finer, 0.073 ton to 48- to 65-mesh and 0.179 ton to 10- 
to 20-mesh. : 

Weight of charge. The normal charge is close to 50 per cent. of mill vol- 
ume. A somewhat greater charge is usually carried in the quick-discharge 
mills. Smaller charges are carried when the daily tonnage is less than the 
full mill capacity or when motor capacity is deficient. 


Table 70 (21 IMM 3) gives the results of three tests with different charges in a 2.83 X 
3.5-ft. laboratory mill operated open-circuit. These indicate equal grinding efficiencies 


Table 70. Effect of weight of pebble load on performance of tube mill. (After Ball) 


Load in terms of mill volume.............. 3% V 5% 
io rclemmrele tam Ors toate ates caters vente. coe theatd one 900 1200 ; 1500 
Horsepower consumed...............000--- 4.9 mm | 6.9 
Horsepower consumed per ton of pebbles... . 10.9 8.5 Ono 
Tons of new feed per horsepower-hour....... 0.107 0.103 0.076 


Weight, per cent. 
Screen analyses, I.M.M. mesh 


Fr e Fr 12 r 12 
20 12.0 PO lic ddvat 0, Sal C240) 1.0 
30 21.0 6.0. | 19.5 5.0 |.20.0 3.0 
50 21d. L720 e220) 1560) 22. Olio) 
80 18.5 | 23.5 | 19.0 | 23.0 | 19.0 | 22.5 
120 OF Orel oud we LO oo) 1428 O60) [ehoe@) 
200 Seo. | t3.0 9.2 |. 14.0 8.0 | 14.0 
— 200 9 Oe): 26.0 CSS a 7/20) OO coro 
Tons —80-mesh produced per horsepower- 
AGUtensery: SRO MaE Se: Ul ksbak tdamdeeee < 0.027 0.027 0 O17 
Tons —200-mesh produced per horsepower- 
ONE es cope iscas Seats lab errs whiSe fe. SiGe 4 0.018 0.018 0.016 


All tests at 12.6 tons per 24 hr. feed rate, 41 r.p.m. and 38 per cent. ee 


with 34- and 4-loads with falling off at load. The 5¢load produces, however, the 
greatest tonnage of —200-mesh material. The decrease in grinding efficiency is due $b an 
increase in power consumption which is entirely disproportionate and does not accord with 
Young’s data (58 A 126) for the ball mill (p. 402) and is probably wrong, in which case 
Ball’s maximum efficiency would correspond to greatest load. Fox (28 M&M 587) work- 
ing with a 5 X 23-ft. mill, found that power consumption increased with weight of pebble 
load up to 23,000 lb. or 68.4 per cent, of mill volume and that the best load, on the basis of 
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tons of desired size produced per horsepower-hour was 18,000 lb. or 53 per cent. of the mill 
volume. Further increase in pebble load did not increase grinding. Graham (16 JCM 57) 
(see Table 64) shows that a light load of pebbles grinds slightly more per horsepower-hour 
baie a heavy load, but that the heavier load grinds slightly finer at a given rate and size of 
eed. 

An incidental advantage of the high charge is the fact that it insures automatic dis- 
charge of small pebbles that, as indicated by their discharge, are more or less floating in the 
pulp and doing no useful work. 

Size of pebbles depends upon the size of the largest particles in the feed. 
The reasoning as to proper size of balls in ball mills (p. 339) applies here, but 
it is even more important to reject undersize pebbles than balls on account 
of their smaller specific weight and their consequent greater loss in grinding 
effect in a dense pulp with decrease in size. The consensus is that the charge 
should contain a mixture of sizes, the largest depending on the size of feed. 

Chalmers and Williams recommend 2- to 3-in. maximum pebble size for Ye6-in. feed 
3- to 4-in. for %-in. feed, 4- to 5-in. for 3{6-in. feed, 5- to 6-in. for 44-in. feed and 6-in. for 
3%-in. feed, but the largest sizes are difficult to obtain. Brown (104 P 206) says that 2- to 
3-in. pebbles are large enough for —6-mesh feed while for coarse feed (— ¥%4-in.) 5-in. peb- 
bles should be used. 

When pieces of mine rock or inferior pebbles are used they should be 
as large as possible (up to 7- or 8-in. lumps); the chances of obtaining pebbles 
of crushing size when they break will be greater, they will have a longer 
crushing life with consequent smaller dilution of the ore, and the consump- 
tion (and consequent cost) per ton will be less. 

Speed depends primarily on the diameter of the mill. The best speed for 
a given diameter, according to White (5 JCM 290), is given by the equation 
N = 215/+/d where N = r.p.m. and d = internal diameter of the lining in 
inches. If d is taken as the nominal diameter of the mill in inches the 
formula agrees fairly well with American practice until recently. Present 
practice in the best-run mills is much below these figures, especially for fine 
grinding. 

At Nipissina, grinding to 96 to 99 per cent. — 200-mesh, the speed of 5 X 20-ft. mills 
with smooth liners was decreased from 26 to 21 and then to 16 r.p.m. with a total saving as 
between 26 and 16 r.p.m. of 33 per cent. in power consumption when handling identical 
tonnages to identical sizes. Speed should be slightly greater with relatively coarse feed and 
products than with fine since in coarse grinding maximum cascading of pebbles is desired. 
According to Brown (106 J 246) speed should be greater for thick pulp than for thin. Table 
71 (21 IMM 8) indicates a distinct maximum efficiency in a 2.83 X 3.5-ft. laboratory mill at 
between 33 and 41 r.p.m., apparently nearer the lower figure, but substantially all of the 
difference is due to the power minimum at 37 r.p.m. and the accuracy of this measurement 


may be questioned. : : 
Leupold (Pro. So. Af. Ass’n Eng’rs, Apr., 1905) states that at too low or too high 


speeds liner and pebble wear were excessive and the pebbles became flattened disks unsuit- 
able for crushing. 

Liner. (Sce also p. 426.) For fine feeds and very fine grinding smooth 
liners give highest capacity. 

Careful tests at Nrpissina where the endeavor was to make a final product with not over 
2 per cent. +200-mesh, showed that highest capacity on — 4-mesh feed was obtained with 
smooth iron lining and 60 per cent. moisture. 

For somewhat coarser product a liner of the El Oro type gives greater 
capacity and the maintenance cost is less. With coarser feed or for relatively 
high tonnage a lining with lifter bars is essential for the best work. Of these 
the Komata is probably the most used and the most economical. 

Open vs. closed-circuit grinding. The principles involved are the same 
as those discussed under ball milling (p. 391). The kind of device used to 
close the circuit is of great importance in determining capacity and size 


of product of a given mill. 
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Table 71, Effect of speed on performance of tube mill. (After Ball) 
Speed, )2-PiMWige o: ore ce aoa aiy 33 37 41 46 
Horsepower consumed.......- 6.8 sil 6.3 Tso 
Tons of total feed per horse- 
BOW CNS ROUR nas ie aes acy Leb? 0.038 0.051 0.041 0.034 
Weight, per cent. 
Screen analyses, I.M.M. mesh 
F ip F 1m ¥ 12 F a 
20 {885 | Ov5e| OUSOMONS. | 11. Olid 350) 14200 TORE 
30 19.5 2.0 | 20.0 220, | 419-5 2.0 |. 20.5 2.5 
50, 21.0 9.0 | 21.5 8.5 | 21.0 OOM 2 Lio 9.5 
80 13-5) £800}. 18.5" | 1978 18.57) 20504 ATS ON 20"), 
120 6.51°15..0: 8.5 | 14.5 Tao i Bone 6-5'1 14.5 
200 EW Og irs O i LO Loo 8.5 1720! 1 10 206" 1685 
— 200 U 925 1.38.9 | 14.0) 38.0. 22-0 36.0 9.5 | 36.0 
Tons — 80-mesh produced per 
horsepower-hour........... 0.019 0.024 0.018 0.019 
Tons — 200-mesh Bip ote, per 
horsepower-hour.......... 0.013 0.014 0.010 0.011 


Feed rate, all tests, 7.2 tons per 24 hr.; 1200 lb. pebbles; 


Davis, et al., found that while the capacity of a 5144 X 22-ft. mill grinding to 1 or 2 per 
cent. on 90-mesh was the same whether the circuit was closed by diaphragm cones or a Dorr 
classifier, the classifier overflow, representing the final product of the grinding, contained 
about 15 per cent. more —200-mesh when the Dorr classifier was used. Ball’s work 
(21 IMM 8) on open-circuit grinding in a laboratory mili (2.83 X 3.5-ft.) is given in Table 
72. From these data it would appear that grinding efficiency, measured in tons of desired 


Table 72. 


38 per cent. moisture. 


Effect of feed rate on performance of a tube mill operating open-circuit. 
(After Ball) 


| 
12.6 14.4 
5 5.6 


Feed rate, tons per 24 hr....| 7.2 9.6 18.6 23.0 
Horsepower consumed...... 6.3 5.0 od 4.8 6.6 
Tons of new feed per horse- 
power-hour. de. in... 0.048 0.080 0.103 0.107 0.162 0.145 
Weight, per cent. 
Screen analysis 
I.M.M. mesh 
Fo PF | Pelee Pe BoP) eae es ee ee 
20 11.0) 0.5/12.0} 0.5/11.0] 0.8/12.0) 1.0]11.0] 1.0/13.5] 2.0 
30 19.5) 2.0/20.0} 3.0/19.5) 5.0/21.0}) 6.0/19.5] 7.5/19.5| 9.0 
50 21.0) 9.0/21.5/12.0/21.0)15.0/22.0/16.5/21.5/18.5/21.0/19.0 
80 18 .5/20.0/18 . 5/22 .0/19 0/23 . 0/19 .0/23.0}18.0/24.0]17.5/21.5 
120 7.5)15.5) 9.5/16.0/10.5]/14.8] 9.5/14.0/10.5114.5] 7.0/10.5 
200 8.5/17.0) 9.0/16.5] 9.2/14.0} 8.0]14°0] 9.5/13.5] 7.5/14.0 
— 200 14.0/36.0) 9.5/30.0} 9.8/27.0] 8.5/25.5/10.0/21.C/14.0/24.0 
Tons —80-mesh produced 
per horsepower-hour..... 0.018 0.028 0.027 02 F 
Tons —200-mesh produced pate itll Ree? 
per horsepower-hour.....| 0.010 0.016 0.018 0.018 0.018 0.015 


— 


All tests at 41 r.p.m., 38 per cent. moisture and 1200-Ib. pebble load. 
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size produced per horsepower-hour, increased to a broad maximum somewhere between 
14.4 and 23 tons per 24 hr. for that mill. The appearance of a maximum at 18.6 tons is 
clearly due to a corresponding minimum in the power curve. Fox (28 M&M 587) found 
that (within limits) power decreased with increase in feed rate and Mishler (98 J 469) that 
change in feed rate from 22 to 85 tons per 24 hr. did not affect power consumption. 
In the light of these data Ball’s power measurements are not sufficiently convincing 
to justify the acceptance of this particular minimum. It is probable that there is consid- 
erable latitude in the allowable feed rate to a tube mill operated in open circuit, through 
which the tonnage of a desired fine size produced per unit of power remains substantially 
constant. This conclusion from Ball’s data is confirmed by Table 73 which shows a maxi- 
mum somewhere between 80 and 693 tons of fine feed per 24 hr. The product is progres- 
sively coarser as the feed rate increases and the choice of rate depends, therefore, on the 
character of product wanted. Burt and Caetani (37 A 3) found that efficiency increased 
proportionately to feed rate in open-circuit grinding and that in closed-circuit work it was 
higher with a large than with asmall circulating load. Table 73, representing the results of 
work at the Lucky Ticrr mill (98 J 469) shows a continuing increase in tons ground in 
closed circuit per unit of power, with an increasingly coarse product, as the total tonnage 
of a5 X 14-ft. mill was increased from 22 to 85 per 24 hr. on coarse feed and from 67 to 693 
tons on fine feed. At the highest tonnage, although very little grinding was apparently 
done, judged from screen analysis of feed and product, yet greater tonnages of — 100- 
and —200-mesh material were produced than with the apparently better grinding at the 
67-ton rate. When, following these experiments, the original feed to the tube mills was 
increased from 26 to 50 tons per day per mill, the final classifier overflow remained unchanged 
at 80 per cent. — 200-mesh and the power consumption per ton of initial feed ground was 
halved, becoming 22 hp.-hr. per ton. Costs of grinding, classifying, concentrating and cir- 
culating decreased from $1.88 with light feed (26 tons per 24 hr.) to $0.97 at 41 tons and 
$0.68 at 50 tons. 


Tonnage of circulating load increases rapidly as tonnage of original feed 
increases, if the product size is held constant. 


In Table 73, with 37 tons of original fine feed per 24 hr., the total load was 216 per cent. 
of the original feed; with 50 tons original feed, 478 per cent; and with 75 tons, 925 per cent. 
According to Mishler, when the total load at Lucky T1iapr exceeded 400 per cent. of the 
original feed the cost of elevating and concentrating the circulating material exceeded the 
saving due to greater mill capacity. When sands are not treated and the classifier acts as 
an elevator, the most economical total load may easily exceed this figure. Easton (13 
CME 89) found that the capacity to a given size was greatly increased by closed circuit 
and furthermore, what has been frequently observed by other operators but is rarely men- 
tioned in the literature, that 
the capacity of the circuit is 
frequently determined by the 
classifier rather than the mill. 
Using a 6 X 20-ft. quick-dis- 
charge mill grinding from — 6- 
mesh to about 8 per cent. 
+ 100-mesh and 70 per cent. 
— 200-mesh for flotation, when 
the feed rate was 144 tons per 
24 hr. there was practically no 


Battery discharge, 6-mesh 


SS ee Se 
4 @ 4-ft_ 6-in. Dorr duplex classifiers 


Slime 


Sand 
a 
2 @ 6x20-ft. tube mills 


2 @ 4ft. 6-in. Dorr duplex classifiers 


Sand Slime 


sand return while an increase 
in feed rate resulted in sand 
return, so that 144 tons may be 


2 @ 6x20ft._ tube mills 


Splitter 


Drag classifier 


taken as the maximum open- 
circuit capacity of the mill. 
With the same classifier, the 
overflow when the mill was fed 
240 tons per 24 hr. contained 
15 per cent. + 100-mesh and 56 
per cent. — 200-mesh, but with 
a larger classifier the overflow 
at 240 tons was the same size 


as at 144 tons. Easton found DOR: , 
also that the power draft decreased with increase in tonnage passing through the mill. 


igi C i bove noted, but little 
Thus at 144 tons per day original feed, 40 per cent. moisture and, as a : ; 
sand return, the power draft was 75 kw.; at 180 tons and 38 per cent. moisture, the draft 
was 70 kw.; at 240 tons and 38 per cent. moisture, 65 kw. and at 350 tons and 40 per cent. 


99 %-200-mesh 


Fic. 35.—Flow-sheet of 2-stage tube milling and 
classification at Nipissing. (Bowl classifiers later 
substituted.) 
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moisture, 55 kw. : Thus with increased grinding and decreased power consumption accom- 
panying increase in feed rate, there is marked increase in efficiency and decrease in cost. 
At NIPISSING (48 A 16) six 4-ft. 6-in. duplex Dorr classifiers and one drag classifier were 
used with four 6 X 20-ft. tube mills in grinding from 6-mesh to 1 per cent. ++ 200-mesh. 
The flow-sheet is shown in Fig. 35. 


Moisture. The percentage of moisture in the mill feed should be from 
30 to 50. This is slightly greater than is best for coarse ball-mill feed, owing 
to the fact that with the finer material a given percentage of moisture gives 
thicker pulp and consequently more water must be used to maintain the 
proper pulp consistency. 


Table 74 (21IMM 3) shows an apparent maximum grinding efficiency with fine feed at 
38 per cent. moisture, but the change in the range from 30 to 58 per cent. moisture is not 


Table 74. Effect of moisture on performance of tube mills in open circuit. (After Ball) 


Moisture, per cent........... 30 38 50 58 
Horsepower consumed........ Dad, eb 6.2 6.0 
Tons of new feed per horse- 
power-hour NI AIA 0.092 0.103 0.086 0.089 
Weight, per cent. 
Sereen analyses, I.M.M. mesh == 
F 24 F P r P Yr Pp 
20 12..5 TRO tao 0.8 | 12.5 OnSelageleo I) 
30 19.0 5.0 [195 5:0 | 20.0 Aon ea no Beith 
50 QOES, (A245 UN 2110 15200 020500215708 Bi Ss 20505 
80 18.5.4 22.5 | 19.0) 23:07] 18.5 | 22.5] 18.5,)|,23.5 
120 10:5.) 14.5. |. 1055 1714.8 9-5 15,5 COSY | TG 
200 9.5 | 14.0 9.2 | 14.0 9.0°| 15.0 8.5 | 14.5 
— 200 9.5 | 28.5 9.8 | 27.0 9.5 | 27.0 DO 255 
1 
Tons -—80-mesh produced per 
horsepower-hour........... 0.025 0.027 0.025 0.024 
Tons — 200-mesh produced per 
horsepower-hour.......... 0.018 0.018 0.015 0.014 


All runs at 12.6 tons feed per 24 hr.; 1200-lb. charge; 41 r.p.m.; mill 2.83 & 3.5 ft. 


great. Smart (10 JCM 443, 11 JCM 15) found that the best moisture content varied with 
the total tons of solid passing through the mill and that 27 per cent. was best with 200 tons 
per 24 hr. while 39 per cent. was best with 400 tons per 24 hr. Fox (28 M&M 587), working 
with a 5 X 23-ft. silex-lined mill on — 12-mesh feed found that with 39.6 per cent. moisture 
and grinding to 50 per cent. through 150-mesh the mill took 55 hp. while with 54.6 per cent. 
moisture, grinding to substantially the same product, 62.3 hp. was consumed. Sherrod 
(Mex. IMM, Dec., 1909) found a maximum capacity between 40 and 45 per cent. moisture 
with a very fine (7 per cent. +60-mesh) feed. 

Ball’s figures apparently show that the percentage of fines in the mill discharge decreases 
with increase in moisture content. This is probably the usual experience but in the copper 
mills of Lakme Surprior high moisture is used to get fine product and similar experience 
elsewhere is far from unusual. When the tube mill is of the overflow type, increase in mois- 
ture should yield a finer product by analogy with the Dorr classifier, while in a quick-dis- 
charge mill high moisture content should cause coarse discharge. 


Power consumption depends upon weight of pebble load, diameter of mill, 
speed, type of lining, and consistency of pulp. For estimates, an average 
figure of 6 to 7 hp. per ton of pebble load for a 5-ft. center-discharge mill 
with silex lining, loaded to the axis and grinding a pulp containing 35 to 40 
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per cent. water, is safe, if an additional allowance of 50 per cent. is made to 
cover starting overload. For a smaller load in the same mill the power per 
ton is greater on account of the increased moment arm. Scoop-discharge 
mills require 25 to 30 per cent. more power. Smooth metal liner will require 
5 to 10 per cent. less power, El Oro-type about 5 per cent. more and ribbed 
liners from 10 to 20 per cent. more. James (21 IMM 3) gives 7 hp. per ton of 
pebbles for Rand mills (514 X 22-ft.) with silex lining. The power require- 
ment under like conditions for mills of other diameters can be obtained from 
the equation Hp. = 1.5 DT where D = nominal diameter in ft. and T = tons 
of pebble load. The power requirement for mills of given diameter and loading 
varies roughly in proportion to the speed, within the limits of speeds ordinarily 
employed. A thin pulp requires more power than a thick because it allows 
the relatively dense pebbles to crowd further away from the axis of revolution. 
Merton (38 MEW 1129) recommends as best that speed at which Hp./r.p.m. 
is @ maximum. 

Operation. Feed rate, size of feed, and moisture content should be kept 
constant, the pebble load must be kept up to weight and worn and cracked 
pebbles rejected from the circuit, if the mill is to operate efficiently. Close 
classifier regulation is essential as it affects both the allowable feed rate and 
the product size. The mill should be opened for inspection at sufficiently 
frequent intervals to insure that the liner does not become dangerously thin, 
and, in the case of ribbed liners, that the ribs have not worn down so much that 
their lifting effect is lost. Discharge grates should be kept open. An amme- 
ter is a great aid to steady operation; any decided variation from the normal 
reading indicating abnormal work of the mill. A high reading ordinarily 
indicates an increase in moisture content, or, in the case of a surcharged mill, 
a deficiency of pebbles. With an undercharged mill a high reading indicates 
more than the normal pebble load or an increase in feed rate. Lubrication 
must, of course, be regularly attended to. Lack of lubricant will show first 
on the ammeter reading. Grease is used on trunnion bearings and gears and 
oil on the pinion shaft. Consumption of grease averages about 1 lb. per shift, 
oil less than 14 pint. 

Cost of tube milling should average between $0.08 and $0.12 per ton in 
grinding to table size; $0.15 to $0.25 to flotation size and $0.25 to $0.40 
to 150- or 200-mesh. Individual costs may depart considerably from these 
figures due to local conditions. 

At Warn, N. Z. (16 Aa 126) (see Table 65) the average cost to 60-mesh including labor, 
supplies, power and overhead in 1912 was $0.1766 per ton. RaAwnp cost in 1914 grinding to 
a few per cent. on 60-mesh was about $0.12 per ton. (97 J 467.) At Cuurcartn Minune 
Co. (62 A129) the cost (1914) of grinding hard, tough quartz ore, closed-circuit, in a 
5 X 22-ft. tube mill from 20-mesh to 95 per cent. — 100-mesh was: labor, $0.029; supplies, 
$0.119; power, $0.107; total, $0.255. At Barnes Kina DeveLopment Co. (60 A 104) 
the cost per ton ground from — 20-mesh to 1 per cent. on 65-mesh (1917) was: labor, $0.0500; 
supplies, $0.1223; power, $0.0702; total, $0.2425. At Goiprim~p Consoxiparmp (89 J 1230 
{1910]) the cost per ton ground from — 14-in. to 200-mesh was $0.202. At Nuiprsstna (31 
Ont. Dep. Mines 259) the average cost for the years 1913 to 1922 incl. for two-stage reduction 
from —4-mesh to — 200-mesh, including classification, was: labor, $0.13; supplies, $0.22; 
power, $0.32; shops, $0.05; total, $0.73 per ton. At Conant Repucrion Co. (ibid.), 
grinding from — 3-mesh to — 40-mesh (1922) the cost per ton was: operating labor, $0.023; 
repair labor, $0.012; balls, $0.144; liners, $0.092; power, $0.122; total, $0.393. 


Tube mill vs. grinding pan. Table 75 shows the result of a competitive 
test at Homestake (22 IMM 93). The tonnage of fine material produced 
by the pan per hp.-hr. is more than that produced by the tube mill when fed 
at the regular rate but the tube mill is so superior in low consumption of grind- 
ing medium, in capacity per unit, and in water consumption (permitting mate- 
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rial reduction in dewatering equipment) that its advantages far outweigh 
its larger power consumption per unit weight crushed. 


Table 75. Comparative performances of tube mill and grinding pans at Homestake. 
(After Clark & Sharwood) 


5 X 14-ft. tube mill 
5-ft. pan 
Regular feed | Heavy feed 
Wens of hew feed per 24 hr... . . oo. he 19.3 73 110 
Horsepower consumed...................0. 8.4 37.5 BY Anil 
Tons consumed per horsepower-hour........ 0.096 0.081 0.122 
MM@rsuUre, WOR COMbaz-cc tes ca dcyredsssdans ore ne 80-90 38 38.4 
Consumption, pounds per ton.............. 4.23 metal | 1.66 pebble | 1.30 pebble 
Weight, per cent. 
Sereen analyses, mesh 
r 12 F 12 F ie 
50 47 6 39 5 18 th 
80 34 14 38 12 49 15 
100 9 14 12 13 17 14 
200 6 26 7 28 i to 26 
— 200 4 40 4 42 5 38 
Tons —100-mesh produced per horsepower- 
Gy ANREP MEME 5 cotati. s 18s wus sax ebep eine) wr Gx vis ee 8 0.053 0.048 0.058 
Tons —200-mesh produced per horsepower- 
NGM LENNON Nene cinicr ss cae Sieur uietousiicschenctetewentions o-crenars 0.034 0.031 0.040 


15. Conical pebble mill 


Description. The conical pebble mill is similar in construction to the 
conical ball mill except that it is lighter and usually differently lined. The 
shell is made of steel plate with butt joints and double-riveted butt straps. 
Heavy cast-iron flanges are riveted at the end and carefully faced for attach- 
ment of the cast-iron trunnions. The usual sizes with weights, power required 
and capacity, according to the manufacturer’s catalog, are given in Table 76. 

Table 76. Specifications for conical pebble mills. (Hardinge Co. catalog) 


Approximate weights, pounds 
Size of mill Floor space jHorsepower| Size of 
to run motor, 
Mill Lining Charge horsepower 
Seow bX 2 3,800 1,500 300 3 5 
416/x 16” WX10/ 6,600 3,500 2,500 8 10 
5 exao2'7 Sc 11" 10,200 4,500 3,500 4 12 15 
6% 22” 9 C1" 10,000 7,500 4,500 18 25 
6 48” 9SGA'32 12,000 9,000 5,500 27 35 
T= S307 LOSG13/ 13,000 10,000 9,000 35 50 
Yb SCENES 10’x 14’ 14,000 12,000 10,000 40 50 
Se S36y It 15/ 16,000 16,000 12,000 55 60 
Sie oxciasy 116% 17,000 20,000 14,000 65 1653 


Manufacturer. Hardinge Co. 
Performance is shown in Tables 77 and 77a. 
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Table 77a. Sizing tests 


(Figures under the headings F 


Reference numbers.......... 1 2 3 4 
Plant Bunker Hill ee Granitic Cons. Ariz. 
Secs ronure & Sullivan Morning zine ore * Sm. Co. 
Mesh In Mm F P F P F P F P 
3 0.26 ORGS (rere lec hetls ede alo eeeo onl ce ch el oe eee 
4 0.18 A070 Wb N hcetlestes clees cul oe eSe-[heteec alee nnn 
6 0.13 3.33 1-6". eee §.14>.celhechteel eee 
8 0.093 2.36 PLOT Weck! ahectes callie caclelc ceeee ee ete eee 
10 0.065 1.65 TS Oy tra bes eeee | econo 1:0 No label 
14 0.046 iaily inal acento (Se net SR eee 3 ee 
LGM teh Mee alco apes caylee ics lint mt a 62:6 eet lode. Ole cee ce eee 
20 0.033 0.83 BO dese ale. chee eee c a eee ee 
28 0.023 0.59 Al OSA ||en eee entre ee 10.6: It. 5 oe a 
2 
35 0.016 0.42 CL Be) NS Ley oe ot I? ae 1-26 8. Semen 
ADS clleet ee Gib cipal Cen Ree ee eee IS aces waleaeee lee eel ee ee 
48 0.012 0.30 Sa Me daeaCpn ees an eae ae 14.6 |) 5.2 2. 
GDM tek ee te shoe ite [bste cos, Iie decd ed fsveldie evel [Bios Set dle et asa Say on Se on 
65 0.008 0.21 3 28, Il O12) 5s nase te ese: 16.3 | 9.3 | 46.4 | 40.4 
SOMES ha Sa ac eee Meee aot § 5.5 [= ZO 10.57 |, -Se6 te eee 
100 0.006 0.15 10.3 | 15.4:|- 0.5 | 8:6 | 7.4 | "Onl | 1848) ous 
TILK)’ EPS da lear ie eee eee) ECU ee ne 15.404 .\0 ews lege ol ee 
150 0.004 0.10 seo St AY oll ae, Cad 2 ee AS Tu/219)59 Gn aan 
200 0.003 0.07 USB) VALQe 01260) L7 Owl, Se Seale. Sis eee natal ees 
LOE aN Soon lesen de ae SA ee 8.6 ole de colic we oleae 
DSU Ne Ge eR SIN oe clon Smile cake tA ie 2.7 | 9.8-4e, a, ee 
S00 mes he Wee nd Set chs (some fees ae ee Se eee 
Through last screen.......... 13.5 | 35.8 0.2 | 438.4 3.05) 26:6 |) D1. 21966 
Reference numbers.........-. 12 13 14 15 
Plant Cons. Ariz. Braden Braden Braden 
Sereen aperture Sm. Co. Copper Co. | Copper Co. | Copper Co. 
Mesh In. Mm F sé F P F iP F Jz 
3 0.26 GC Bie ih honts aller ateeta Bateau savaeni= Oe hxt ala teen ea 
4 0.18 4.70 TA OF ceccalbak-ck ci. we het las eel eee ate eae a 
6 0.13 BESS Fae Sls cweteu [ers ceidhe Soa. ell ecg ees a ean 
8 0.093 BESH S206 a8 ak Sk ly Re Sa, eck Ae ee 
10 0.065 TAS eae ae Dee Soa ye 46 11 Saat E 
14 0.046 TEU ef, LOB Ula. cei| fotos ale odo sia dol kee eee an 
AGES ee a Wet eet oe oe TE CUE 2 Vee lk a ae 
20 0.033 OSSSis ees to ales ce om 24 3 33 22 | loge i 
28 0.023 OR 5Ors tees: Sec Gs ot cele tists laa ae |e. meee ee 2o° Sa 
SOME Meee all. sot: ge de \eae socilce bute (le Penobscot tla. = tos ieee en an 
35 0.016 0.4 7 BBs lhe: |e al 8, he 
EO) otis, ok ts al eee ae | ae NN = Sea 31 14 10. | Wor #BSs7 a nome 
48 0.012 ONSO PE Hwee Seale tence ST ge ef adie Mal sete ne dR -: i. os 
GOlme Ee tees ees he aes lle eee 14 17 2° <9 sect Sail Soom 
65 0.008 0.21 D500: ae AR les ey Meek ha : a ie 
SOMBRE eIRAD cecal ok ae la 5 10 1 ul sae Tes eae 
100 0.006 0.15 9u0|) 147 5 8 1 E : 
TAO weeps Peres Sette eee Se Nh coe us. St, ER Ric Ge eh SI be SR 
150 0.004 OF Fike tae 3 6 1 5 ea 22 ie 5a 
200% b @,008 =. T0ROZ > fiw. © 2604 22 5 1 2 1 4 
AONE ler ee he fh Melee acon t e, See ine ool ie, lt dS ae Ie oe 
O80 males eres, Se eben Maeean etme Ane ee el eee he Ala aeons alge a cia 2 
S00 SE are tui en eee tesa lias | Saclse SeerlOhesiacend| tak Me Oil eet tia 
Through last screen.......... 14.7 | 40.7 | 11 37 5 Ob. tat eal 40° 
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referred to in Table 77 
and P are weight per cent.) a 
|) Speen ne ERD 
5 6 7 8 9 10 11 
Utah ask Arizona McKinley | Calumet Miami Miami 
Leasing Co. Lgasine Copper Co. | Darragh & Hecla Copper Copper 
: 0. Co. Co. 
F P F P F Yo F PF. F P F Je F P 
Mee go y im te. MeR Wed nab Ph afeGeleN\h hoVeus tayo fads. clsteuE PME REVERSI e Ao. -RMICERQEEE TE] U9 fetes thay, TORT faa 
OFS igi ereechpeqoi tte fone thripes-eere tlt Peeves Bet tate 5 Axle AO Eee OLA ae eee RHEL ee 
Pree eRe ges. SIPOPIANI chscm ue, [icgepedeoyedli oj aee.o. 32s S620\" Sane OS ecards dis icid cee oil deter 
oe a eae ae 5 Sar (OS Gil Pigroe ae LSA IG sees ails Orso nses Praaaily ENT SER Ale ers 
2. venohatl len iace sien eta are PASSO) Oe ESN LOGI eee De cna || eda Ohl eae yaa ee rates | ete ea 
26.0 Ls0° 783 2 17.8 0.6 S00 | caetepet || caetce nl tas cecal cr et ate gc ae | 
hide: |rclg Wwodelad: Jp 1405 (do aealeortd)  U8G OH | SN 8a87) Sehbt Srcgl hgh 
25.0 4.0 | 18 2 13.2 SeBially sere St SP Mah Wut... 8.4) 6.8] 11.4] 9.2 
Be OOO, 12. del 8.0 (10,0 dice wales 8l tet tel 4 lett ee aOhnakas! (aed 
BMeMeremerey| sia, chen suedl gumedelrcene c.'|zacecRabarm [lelenexetere Mer ecateasdtieiecsot oho 5 (750) eT A asl eee fe one, 
TZEO! T2680 13") 10 GEO” TA SSulserre = AUSSR7Al oecapesied Neste ae Pel (Paeeserarr foie ae eS ed al 
nicighoc is) eerie a SOME ed RTS) Be cek tesid ein bel er ie (Lae: Or eee dea al eee || > ae ry 
Ge ONs01.330) edt is 8); CI TO OVI a PDR |e CaS roe Ye) Cad ices) ai Wi Iles a 
Sega, A -. He Ge nice aM ONAN PAL CAl|ih saedee Sg f SION ADDIE Meck ECLET A MOUS aI aL | ee, om 
6¢,0..]..1530. 8 | 14 Pe tf Onell). ben. L495) GEA! UOTE OLS) A606) Val. OWLS TO: 
erat 5 rs fet O17 6 ink | 10091. L. 4) od Aly Ore|--8- Saale 748 
2.0 8.0 Spout sees 0.8 ce eo aera Geel O04) Sol. O48) Sedi, Oath SiO 
| 8.0 | 11:0 | 15 | 30 | 4.0 | 30:8 | 9.4] 32.6] 0.2] 43.8] °7.3]/3811] 6.6] 35.9 
| 
| 16 17 18 19 20 21 22 
Bridgeport Be vi Braden Braden 
| Federal Vieille Tul Mi Vipond 
| M. & S. Co Wood Fin. Montagne Chung Porcupine Copper Copper 
Co. Co. Co. 
Wet Ba he Bool OP! Wakod oP FioleiP tthe Rode PB VaR lope docma) op 
HAS Oly pds G2BN Ol eck ae Ose eee gtd ates lore LR OGIal) eR ASGIBROM 
Syeda fed eee NO eas wane (DSi I reel ao arate cos LPR ov. 5 apni Suckeyeen a bworas 
LOBOS S400). G24 OE 7d eecacae ore (ences eaemene re hl Bee hel libata) i 
Dasgaak wall hore tend as Dirge hate OVO tec iit6) 6) . eet, Bry Lash AER 
LO ae Sent eletetete! laste rore PASH Ae Sell Rea cee haan Cle | aPMeRRIEN Ke cd Gah. ee Sorat aed Se 
bests sas ppd MON aay deck eR nd bese V2SoOd Islauboemra. d10: 
GAO) ere wie sacreae ls oragens Oreo rs RB rled ole RON tezsey eke Weve lltee gous Aietouccegallefade es = 
Ooo (aed, ge eee el SORE ROI its dete Nari LIME CAR SACES 
SOG ae4l luobcnercsl enacr One SRO me aenee Ole oO.4e! .On2)4beo 12:0 
SESiies Meneame etree fd) Ole OMT bee oe oNticabad teetes sakes (Se aaa Che 
Shaotaee lel les sue san ev ekeret ni AR?) lepers eal (recat ees SLO ae | PA OUS Gaeta LPS TAZ 
SOR Perec Scho ene eae cs LS SDL Gama APO AGE AS ses Nastoerod = xxstend ly apete ipeeaeees 
Mer ond Was, a eet icra es 1 ase: eae oe |S ae EMO OPA VEO) M GHG Wana te} 
AIG heme os Sr AVA ATSIE Oa ol D.O, 2.0). 14) 6.0). 73.210 952 
Se ot, ede: (Jade isuaderlo lost 1822/0 tse) hs. 4] x4 1659/7 22 re 
QE Diller toate te hao Q5ASleOroleson Owe 2029), Ll LONTIM26 ST 10.4 
... EO a OA acs ite by tk ce a RAR ina REP (rer Pee 
; : 5.0} 96.8] 3.0] 13.5] 10.2] 25.0} 1.1] 68.7} 0.2] 40.8} 6.0) 48.4 
oe NU a see 


P= Product. 
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NOTES TO TABLE 77 


@ Italic numbers refer to column numbers in Table 77a. 6 One man for 6 rolls, 3 pebble 
mills and 2 drag classifiers. ¢ Worn liners from ball mills. d Added daily at arate, deter- 
mined by consumption, to keep load at a constant average. e Added as needed to keep 
ammeter reading constant. g Feed, 87 per cent. +48-mesh; product, 22 per cent. +48- 
mesh. A Ends, silex; cylinder, El Oro, cast iron. i One mill has manganoid lining with 
lifting bars of the Komata type, life 245 days, consumption, 0.722 lb. per ton; re-lining 
takes 6 men 99 hours: the other, manganese-steel lining without lifting bars, life, 256 days, 
consumption, 0.46 lb. per ton; re-lining takes 6 men 55 hr. j Local hard ore. Costs 
about $2 per ton extra to pick out but contributes to concentrate and would have to be 
milled anyway. Saving in pebble cost is $0.15 per ton (104 J 71). k Hourly according 
to operator’s judgment of grinding. J Questionnaire and Salt Lake Min. Rev., Nov. 15, 1918. 
m Classifier overflow contains 1 per cent. on 28-mesh and 34 per cent. —200-mesh. n Rib- 
bed in cylinder, smooth in cones. o Local quartzite. p Average cost (1918), $0.0141 per 
ton. g Classifier overflow is 2 per cent. on 35-mesh and 35 per cent. —150-mesh. r Com- 
pare with preceding column and also with conical ball mill at the same plant, Table 11. 
s Cost per ton,’ $0.0062. f Cost per ton, $0.0155. u Compare with 6 X 9-ft. tube mill 
at the same plant, Table 65. v 98 J 564. Compare tube mill at the same plant, Table 
65. w Compare 5 X 18-ft. tube mill at the same plant, Table 65. x Compare 8-ft. K 22- 
in. ball mill at Miami, Table 11. y 13 CME 897. z In closed circuit with trommel and 
cone. Screen analysis of discharge is of actual discharge and not of final product of closed 
eircuit. @a Pebbles set in cement. ab Crude ore. ac No. 2 mill in the same plant, 
running at 23 r.p.m. took 65 hp. and crushed a slightly coarser feed slightly finer at the same 
feed rate. ad Silex blocks, 8 months; pebbles set on end in cement, 4 months; local cut 
blocks, 2 months; Komata and Britannia also used but life not available. ae Local 
pebbles. af Average of 22-in., 30-in., 36-in. and 48-in. mills. ag Heated and quenched 
in water before crushing. ah Feed end elevated 4 in. to obtain granular product. ai Col- 
bath classifier. @j Combination of ribbed cast iron and pebbles set in cement. ak 20 
IMM 44. al 119 P 808. am Classifier overflow contains 0.6 per cent. +65-mesh and 
56 per cent. —200-mesh. an Feed end elevated 614 in. ao El Oro and ribbed plate, 
alternating. ap 8-ft. X 72-in. pebble mills at Tamarack plant take 100-hp. motors and 
have about three-times the capacity of these mills (117 J 282). See also 8-ft. X 72-in. 
mill at Calumet and Hecla, this table. ag 64 mills set in two rows are all served by a 15- 
ton crane that can pick up a full mill, carry it to a re-lining floor, dump the load into a spare 
mill standing there, set the old mill on a standard and set the spare into place on the operat- 
ing floor, all in one hour. Two extra mills are sufficient for the entire plant (117 J 282). 
ar Open circuit necessary because native copper builds up and slimes excessively in closed 
circuit (117 J 282). as 101 J 316. CI Cast iron. DC Dorr classifier. DF Danish 
flints. Mn Manganese steel. O Oil. SS Spiral scoop, one-way. WB Wedge bar. 


At Insprratrion a 10-ft. X 28-in. mill drawing 90 hp. ground 190 tons per day of feed 
containing 43.7 per cent. on 8-mesh and 26.7 per cent. — 48-mesh to 2.3 per cent. on 48-mesh. 


Capacity is dependent upon the same factors as in tube mills. (See p. 437 
for discussion.) Table 78 gives capacity figures from manufacturer’s catalog 
and from actual practice. These figures are reasonably safe for estimate 
with average ores. Most of the figures from practice are for open-circuit 
work and could be exceeded somewhat in closed circuit. 

Shape of mill. Increasing the length of the cylindrical section increases 
capacity, power consumption and fineness of grinding. 

At Miami (115 P 568) a 6-ft. X 38-in. mill re-ground as much as two 6-ft. X 22-in. 
mills. At the same plant an 8-ft. X 66-in. mill re-ground 294 tons per 24 hr. from 10- to 
28-mesh for 74 hp. while an 8-ft. X 22-in. mill ground 178 tons from 3- to 10-mesh for 47 
hp. (see Tables 85 and 86). The longer mill had the harder material to grind. At Canvu- 
met and Hecia an 8-ft. X 72-in. mill ground 214 to 3 times as much as an 8-ft. X 18-in. 
mill but drew three times as much power. It is probable that about 48 in. is the maxi- 


mum economical length of cylindrical section for 8-ft. mills and smaller, that fineness 
should be attained by closing the circuit and capacity by installation of another mill, prob- 


ably best arranged for stage reduction. 

Power consumption ranges from 5 to 7 hp. per ton of pebble load for 
6-ft. mills and from 6 to 12 hp. for 8-ft. mills, the higher figures in both cases 
corresponding to a long cylindrical section and an under-charge of pebbles. 
Tons crushed per horsepower-hour averages about 0.15 to table size (10- to 
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20-mesh), 0.10 to a coarse flotation size (28- to 35-mesh) and 0.050 to 100- 
mesh. 


Table 78. Capacity of conical pebble mills 


Size, Size, 
diameter, diameter, 
feet X From To Tons per feet X From To Tons per 
length of mesh mesh 24 hr. length of mesh mesh 24 hr. 
cylinder, cylinder, 
inches inches 
3X8 0.5-in. 28 8 * 4 35 95 
ste csi 0. 5-in. 48 6 Ge 6 65 75, 
eae, eee 8 200 3 *8 X 30 4 28 250 
4\%x 16 Q.5-in. 28 24 * 8 35 150-200 
Co ane 0. 5-in. 48 16 *8 x 36 4 10 235 
So. tec eee 8 200 8 * 8 20 217 
6X 22 0.5-in. 28 Salemi techni teRsee 0. 5-in. 28 168 
* 6 28 75 * 3 35 120 
edeeret deen tke: cis 0. 5-in 48 40 OP i id ese eh OgReIn? 48 120 
tates pe cies, $16 8 200 24 * 8 65 120 
6x 48 0.5-in 28 Tae oe ter cers ss 8 200 60 
aera a ae ae 0.5-in 48 60 * 0.5-in. 300 48 
Sree Rey hers ts 8 200 32 8X 48 0.5-in. 28 200 
*6§ X 72 6 100 40 * 10 35 186 
*8X< 18 4 28 SBie yl ts es 0.5-in 48 144 
* 6 35 PORES i Wie Oi. ns 8 200 72 
*8 Xx 22 3 20 100-120 *8 xX 72 8 40 110 
> 8 20 170-180 *10X 28 4 48 190 


* From Table 77. 


Field of conical pebble mill in ore milling is fairly restricted at present. 
When first put on the market as a competitor of tube mills and roller mills 
in grinding for concentration the conical pebble mill was superior and 
supplanted them. As a slime producer, however, it has never been able 
to compete successfully with the tube mill except on very soft ores. As 
a grinder for table or flotation concentration it has been generally superseded 
by ball or rod mills on account of their greater capacity. Only under certain 
special circumstances, e.g., in re-grinding very hard ores such as Lake Superior 
copper conglomerate, where the consumption of balls and metal liners is exces- 
sive, or where granular nature of the product is more important than cost 
of grinding, is the conical pebble mill now the best machine, 


16. Conical pebble mill vs. other grinders 


Conical pebble mill vs. Chilean mill. Results of an exhaustive test at Mramrt Coprrmr 
Co. are presented by Franke (47 A 50). The product desired was sand below 60-mesh for 
_ gravity concentration. The conical mill yielded 47 per cent. of such material against 36.2 
per cent. from the Chilean and yet did not produce quite so much — 200-mesh slime, which 
was very difficult to treat. The conical mill was smoother running, required less attendance, 
used less water and consequently required less de-sliming equipment. Results of the com- 
petition are shown in Table 79. A similar situation developed at Mocrrzuma Coppmr Co. 
before the introduction of flotation. The feed to the mills assayed 1.8 per cent. copper and 
the best size range for gravity concentration was from 20- to 200-mesh. An 8-ft. pebble 
mill ground 71.5 tons per 24 hr. to 1.8 per cent. on 20-mesh. A 6-{t. Chilean mill ground 
83.5 tons to 33 per cent. on 20-mesh. The pebble mill product contained 54.8 tons of the 
desired product containing 71.8 per cent. of the total copper against 30.3 tons containing 
but 34.3 per cent. of the total copper from the Chilean. Detailed results are given in Table 
80. Results of competitive work in producing flotation feed at Brapmn (29 IMM 204) are 
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Table 79. Conical pebble mill vs. Chilean mill at Miami Copper Co. (After Franke) 


Conical Chilean 

SIZS GSU, cae cn ee ee 8-ft.X22-in. | 6-ft., 3-roller (c) 
Delays, per cent. possible run- 

TIN She we eels Medeaaeet he 1.29a ox alilye) 
Tons crushed per horsepower- 

ours} 24 aye hea aaa ak 0.104 0.093 
Maintenance cost, dollars per 

tonerushed ec G 1". Seeynens 0.0636 0.0709 
Depreciation, dollars per ton 

erushed tse aera tare ee 0.007d 0.042e 


Weight, per cent. 


Screen, mesh 


Feed | Product | Feed | Product 

4 es Ni gaa WS Catg 6 iS ea I fe CRE te 

10 275. Al ireewomee tates Ws sete ce 
20 26.8 0.2 22.9 Pe} 
30 5.0 3.2 5.2 11.8 
40 0.8 4.9 0.9 Ga 
60 0.8 13.8 1.0 11.4 
80 0.4 10.4 OFS Car 
100 0.3 8.6 0.4 5.4 
150 0.3 8.0 0.5 6.3 
200 0.5 10.0 OZ, her 
—200 sand (f) 0.8 10.0 1.2 10.6 
— 200 slime 4.1 30.9 5.38 31.6 


\ 

a Relining, 0.71 per cent.; repairs, 0.58 per cent. 6 Changing screens, 0.57 per cent.; 

repairs, 1.54 per cent. c High speed. Screens, 0.037-in. aperture, 240 tons per 24 hr. 

at 75 hp. Could be increased to 250 to 300 tons but power increased to 88-90 hp. d Esti- 
mated on basis of 10-yr. life. e Actual. / Quick settling. 


Table 80. Conical pebble mill vs. Chilean mill at Moctezuma Copper Co. 


Product 
Conical Chilean 
Screen, mesh Feed 
Per cent. | Gm. copper per | Per cent. | Gm. copper per 
weight 100 gm. total weight 100 gm. total 

product, product 

4 pS eal SE Foca eee 5 col ROMERCY Cee eNOS Rare RAP ME COM Mappa me Mica 
8 BSL ey pialtics ee oS oA ATMA. a lets ARE 4.1 0.0152 
12 7.6 Ob Warten oe Fin. die 16.2 0.0842 
20 1.9 dk 0.0072 nieiaal 0.0812 
30 0.4 12.5 0.0563 7.6 0.0540 
40 13.0 0.1014 3.9 0.0308 
HO) sell umendl). cavern: 18,2 0.2548 558 0.0461 
805. aac cbilmaneh ke. 11.1 0.2220 4.4 0.0502 
AZO, Poets melee Se Lecwy, 14.4 0.3384 9.7 0.1901 
200k A -.ieared ere. es1D) 0.1950 5.4 0.1593 
Through last screen 0.3 21.5 0.4515 30.3 0.8333 


shown in Table 81. The Huntington mill was clearly outclassed by both the Chilean and 
the conical mill and the performance of the conical mill was better than that of the Chilean, 
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even if an allowance is made to the Chilean for its coarser feed. As a matter of fact, the 
conical mill would have done substantially the same work on the Chilean-mill feed as it did 
on the feed provided it. 


Table 81. Comparative performance of conical pebble mills and roller mills at Braden. 
(After Broadbridge) 


Mill Huntington Chilean 8-ft. X 30-in.conical 
Tons of feed per 24 hr......... 63.6 81.9 90 
Moisture, pericent= .......... 90.2 90 47.6 
Costs per ton ground (1913-5:) 
Labor, operating and repair. . $0.0919 $0. 0402 $0.0133 
Supplies tes. ce eke 0.1570 0.0574 0.0638 
Bowern(@),. 5 See eee a. Se 0.0346 0.0424 0.0328 
Total. ccs, ee ee eae 0.2835 0.1400 0.1099 
Weight, per cent. 
Screen 
F is F iP F _ 
La ao a 1S Ra || EE OIA i \Ratie tao cs-)| ot San, Sree OE peep 
4-mm. 13.7 Bay et Bee 18) 50 ea RPMS Nc eRe cacti Me Avvens eta 
10-mesh 37,38 0.7 BOO gates cco ee SON ae eee 
20-mesh 35.0 4.6 22.5 12.2 34.9 1.2 
40-mesh 9.5 31.2 3.9 24.3 42.7 18.4 
GOrm esha a auc, tele 11.5 are 8.9 newer 18.3 
SOsHeStoe te  ) ageele recs mee (5A) tented | epee 5.6 sk ae 10.4 
Through last screen........... 425 45.9 0.9 49.0 6.3 Dey 


a At $36-$39 per hp.-yr. F = Feed. P = Product. 


Conical pebble mills vs. tube mills. Comparing the two mills on the basis 
of tons crushed per horsepower-hour from the data in Tables 65 and 77, the 
tube mill grinds more (0.179 against 0.150 ton) open-circuit to table sizes; 
substantially the same, allowing for differences in the particular sizing tests, 
to flotation size; and somewhat less (0.040 against 0.050 ton) to cyanide 
sizes. But the available data on the conical mill in sliming are too few to sup- 
port the apparent conclusion of superiority in cyanide grinding, and this fact 
in itself is a strong argument against that conclusion, indicating, as it does, 
the inability of the conical pebble mill to make a place for itself in this service 
against the tube mill in the fifteen years that it has contended. 

At Anaconpa (59 A 245) a 10-ft. K 48-in. pebble mill was tested against an 8 X 12-ft. 
tube mill grmding — 2-mm. sand tailing to 48-mesh in closed circuit with Dorr classifiers. 
The conical mill crushed 163 tons per 24 hr. with a power consumption of 15.9 hp.-hr. per 
ton and pebble consumption (Danish flints) of 7.2 lb. per ton. The tube mill crushed 177 


tons per 24 hr., consumed 17.7 hp.-hr. per ton and 14.0 lb. of Danish and French pebbles. 
Wiggin says that they considered the mills on a par as to efficiency and cost. 


Pebble mills vs. ball and rod mills. The use of balls as grinding media 
instead of pebbles permits a greater weight of charge in the same mill volume, 
a greater number of crushing units of the same size, each with greater striking 
force, and a greater area of crushing surface. As a result, the capacity of a 
given mill is greatly increased by such substitution and the product when 
grinding to table or flotation size is usually finer. On the other hand, power 
consumption is increased rather more than in proportion to the increased 
weight of charge, liner wear is increased, the cost of grinding medium per 
pound is usually greater, while consumption per ton ground is the same or 
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greater. Table 82, summarized from Tables 4, 5, 11, 50, 65 and 77, indicates 
the rod mill superior in point of power consumption to both ball and pebble 
mills in producing table and coarse flotation feed (with the limitation as to size 


of mill feed discussed in Art. 


slyahe 


Pebble mills, on the other hand, are supe- 


rior or equal to ball mills in power economy in the same range, subject, how- 
Table 83 shows equal power con- 


ever, to a similar limitation in feed size. 


Table 82. Comparative power consumption of cylinder mills 
Tons ground per borsepower-hour 
Horsepower 
Mill per ton of 
grinding To table To flotation io wane 
medium size, size, a 
40-20-mesh. |. 35-G5-meesh | sue oe 
Cylindrical ball mill, center dis- 
CUARSE. Laka ect e ee ee 14.1 aver. O2089) 3 Wt oe Pee eee 
Cylindrical bail mill, peripheral 
DUSGININT IAs promece Gt TERS MLE rea Cae 13.8 aver. 0.143 O2083: « lias eewereeee 
Conical ballimill:..)..8. +. se: +. |" 10.2:aver: 0.163 OnO87e “hac Ae eee 
Rodmraillners ce aha. sabe 4.9-8.5 0.35a O SUS Gee vine a ase 
MRupornuilless 2 abet" Ate Ue 6-8 0.179 0.073 0.040 
Conical pebble mill............ 5-12 0.150 0.100a 0.050 


a These products are coarser than the others in the same column. 


Table 83. 


circuit at Timber Butte 


Comparative performances of balls and pebbles in conical mills in open 


Ball mill Pebble mill 
Size, diam. ft.x length cyl., in... 6X 56a 8X 30 
Speed tpl... uw, sce ese 24% 24 
Tons of new feed per 24 hr...... 228 119 
Horsepower consumed......... 105 55 
Tons per horsepower-hour...... 0.090 0.090 
Moisture, per cent............. 54 65 
Grinding charge, material....... Manganoid Basalt 
Weight) and size... subse 21,0006 10,000 
Consumption, pounds per ton. 2505 2.89 
Weimer, mas terials ee hom + aces Cast iron Hard iron 
ihinery Mitorey etter tess c 41% mo, 
Weight, per cent. 
Sereen aperture, Tyler mesh 
Feed Product Feed Product 
10 Oe aie ts A eee eich eens De ie came mene 
14 14.8 0.8 Bh 2p. oats ane 
20 16:2 1.0 4.4 0.6 
28 16.2 1.8 Uae?” 0.6 
35 13.6 2.4 10.0 il 2 
48 9.8 42 13.8 2.8 
65 5.8 5.6 15:.6 6.0 
100 3.8 8.0 13.0 10.8 
150 2.0 9.0 13.2 16.8 
200 0.6 8.6 4.6 9.4 
— 200 12.0 58.6 13.6 51.8 


a 8-ft. X 30-in. pebble mill lagged down. 6 43 per cent. @ 1%-in., 31 per cent. @ 
1}4-in., 26 per cent. @ l-in. c Cylindrical portion, 34 mo.; conical portion, 714 mo. 
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sumption as between balls and pebbles per ton ground but finer product from 
coarser feed and greater capacity for the ball mill. Ball and ball-mill liner 
wear in this case cost at least 4 times as much as pebble and pebble-mill liner 
consumption. 


At Copper RAnG®r an 8-ft. X 30-in. millfearrying 10,000 lb. of pebbles ground 65 tons 
per 24 hr. Change to 9000 lb. of balls raised the capacity to 150 tons without substantial 
change in screen test of product. At Mramr Copprmr Co. change in load of an 8-ft. < 22-in. 
conical mill from 8000 Ib. of pebbles to 15,000 Ib. of balls, open-circuit grinding, increased 
capacity from 178 to 300 tons per 24 hr. and produced a slightly finer product at a slightly 
lower rate per horsepower-hour. Pebble consumption was 1.14 Ib. per ton and consump- 
tion of 2-in. manganoid balls 1.21 lb. per ton (see Table 84.) Closing the circuit on the ball 


Table 84. Comparison of 8-ft. X 22-in. conical ball and pebble mills 
at Miami Copper Co. 


JAY Ns as.ncleremercrremepieeny orb nce chek tack Pebble Ball Ball 
Cincuitwerrsites tes ers cone cn Open Open Closed 
Tons of original feed per 24 hr... 178 300 298 
Moisture, per cent............ 48.7 46.9 34.5 
SS CY10 Ba O50 iets eee ae ere oy hess 22.0 22.0 
Charncemlb yt eeel wists. .teeee 8000 15,000 15,000 
Power consumed, horsepower. . 46.8 87 85.7 
Tons ground per horsepower- 
BOUL NBME cere «Bian cre sane: 0.159 0.144 0.145 
Tons produced per horsepower- 
hour: 
PTD SSI scat seis cao MEMS 0.112 0.107 0.116 
SASSMGOSD oo. na he ave wis e DAs 0.081 0.086 0.101 
E—ALQOLINESH Ce Ae cece te 0.055 0.061 0.072 


Weight, per cent. 


Screen, Tyler mesh == ao a 


F iP. Fr P Fr 12 
3 Vee ere Sac Meo liean ae = ae eo | Selewers : 
4 ee ee ee 64" hs ookaaise A Syl oe 
6 L508 Wi cngteeetateran ACSI a ee ore 8: VORAC cele 3 
8 Shs Wve Nae Il hone Ne es aes ksi LS Me ies si 
10 15.6 0.5 14.8 0.4 Ue al ee ee 
14 12.0 nS 10.5 1.4 178 OPI ish een ee 
20 9.3 4.3 8.2 3.0 8.7 0.1 
28 6.6 9.5 5.8 6.6 5.6 0.8 
35 2.6 Oe 2.3 716 21 5.1 
48 1.9 po 1.7% 10.4 Se) 13.9 
65 i leat 8.3 1.0 8.1 1.0 10.7 
100 © 1.3 10.1 abet U2 1.0 aa Wes} 
150 wea! 8.0 1.0 9.4 0.9 10.6 
200 0.7 4.1 0.6 5.2 0.5 5.1 
— 200 7.6 32.3 7.0 36.7 7.0 41.9 


i i lassifier gave a yet finer product at substantially the same power con- 
hess ome se are given in Table 85. Power for ball milling cost 8.2 per 
cent. more than for pebble-mill grinding; grinding medium, 251 per cent, more and lining 
152 per cent. more; labor cost was about the same for both. At the same plant, changing 
the grinding load in an 8-ft. X 66-n. conical mill from pebbles to balls increased average 
capacity from 250 to 330 tons per 24 hr. but doubled the per-ton rower cousumption and 
more than doubled the cost per ton for re-grinding (see Tables 86 and 87).. On the other 
hand, the product re-ground in the ball mill contained 97.6 per cent. — 65-mesh papier 
while that from the pebble mill contained only 48.2 per cent. and was unsuitable for eae 
feed. Further, the capacity of a mill section with a ball re-grinding mill was 822 tons pee i 
hr. against 714 tons with a pebble mill. Increased recovery and tonnage on the ball-mi 
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Table 85. Comparative costs of 8-ft. X 22-in. ball- and pebble-mill operation 
Miami Coprrmr Co., Oct., 1915 to Mar., 1916, incl. (a) 


IV ioe ier attri Men neni. tere sence a cy rls tress Mee Coe aus eer a Wiai Ball Pebble 
otal tonnage GrowMa.& cS See ewe esas ee ee ee ee eee 371,754 167,532 
‘Tons per maallip em 2a ehewstpvacs were is ase e on reer aphids 283.6 174.5 
Delays,.per centeybotsltime st. ye. trp sere amine. wide 3.0 1.4 
Tons of crude ore per man-shift operating............. 1061 933 
Tons of crude ore per man-shift, repairs..............- 619 736 
Tons. of crude-ore,percman=shitt iio. Kesnscemrarye hier vel be 391 396 
Horsepower perdnilioe dee J: cepa berotetan-emeit 81.9 46.7 
Horsepower-hour per ton ground.............++.eee85 0.144 0.156 
Ball or pebble consumption, pounds per ton ground..... 1.510 1.4286 
Cast-iron lining consumption, pounds per ton ground... 0.454 0.015 
Total cost per ton round... 5 an. Seed teehee an $0.1591 $0.1036 


a 8-ft. X 22-in. conical mills. Ball mills underloaded on account of insufficient motor 
equipment. 6b Includes pebbles used in lining. 


Table 86. Comparison of 8-ft. X 66-in. conical ball and pebble mills at Miami 


Copper Co. 
VEL erie mete cmeeateics. ex cxsas, tes Pebble Ball Ball 
RCE bey teen Mens oN hares, cianenie Open Open Closed 
Tons of feed per 24 hr......... 294 324 333 
Moisture, per cent.) .......... 41.1 38.9 27.9 
BD COG phat We cestagevey state yet evs tayat oy 2 20.5 20.5 
G@hargeml bak. cack. ool ewe ars 15,000 29,000 29,000 
Power consumed, horsepower. . oe 160 162 
Tons ground per horsepower- 
LNCS e 8 5, Se tee Seema Cee Cenaey Oe eee 0.166 0.084 0.086 
Tons produced per horsepower- 
hour: 
FAS INNOGIR «tires earalene, steler sree 0.065 0.061 0.063 
=A OO=rmGphisrsen. Gite arta hon 0.046 0.058 0.061 


Weight, per cent. 
Screen, Tyler mesh 


EF P Fr ie F P. 
10 Wee Ae ocean MSO beg eestavaecescis LOT Uli sve eueretere 
14 2.3 0.1 OIRO onl rare Se MN wee 2 
20 6.0 0.7 Ho) 0.2 SSH Maen Sem Aref tit 
28 18.3 4.5 23.6 sles HOG in. «ha atarauleens 
35 24.7 11.6 23.9 2.4 Oi Bim liscaeus, atetene 
48 23.6 20.0 21.5 6.0 18.8 0.5 
65 11.6 15.0 9.8 6.9 7.8 19) 
100 8.4 16.1 5.7 TN) 8.9 17.3 
150 2.8 91 1.5 ise) 2.7 16.7 
200 0.4 4.1 0.2 ho) 1.4 8.2 
— 200 0.9 18.9 0.9 52.1 4.7 55.4 


section more than compensated for increased re-grinding costs. CALUMET AND Hercra 
is the only large plant in this country that has continued to use pebble mills in re-grinding 
for concentration. Their stand is clearly justified by Benedict’s statement (117 J 282) that 
on the hard conglomerate ore pebble wear is 4 to 5 Ib. per ton and ball wear almost as great; 
pebbles cost $0.0075 per lb. and balls $0.035 per lb.; and the difference in cost on this score 
alone is $0.10 per ton in favor of pebbles. At Wricut-Harcreaves (115 J 884) there was 
an actual saving in power attendant upon a change from pebbles to balls. Two 5 X 16-ft. 
cylindrical pebble mills with El Oro liners ground ball-mill product to 60 per cent. — 200- 
mesh at the rate of 125 to 150 tons per 24 hr. and consumed 70 to 75 hp. (= 0.045 to 0.050 
tons — 200-mesh per hp.-hr.) Change to ball loads (20,000 lb. cach mill) increased the daily 
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capacity to 200 to 260 tons containing 80 to 85 per cent. — 200-mesh and power consump- 
tion at 28 r.p.m. was 90 to 100 hp. (=0.078 to 0.087 ton — 200-mesh per hp.-hr.) 


Table 87. Comparative costs of 8-ft. X 66-in. ball- and pebble-mill enetuiney 
at Miami Copper Co., Oct., 1915 to Mar., 1916, incl. 


INCL S acces ben a Rees at es cachet aie, omen px Matamataie ¢ ome a Ball Pebble 
Beotal-vOnmaee,crude.Ore, Sot en ethene 147,709 639,770 
Tons of actual feed per mill per 24 hr.................. 330 250 
Delays, per cent. possible time..............02....... 2.0 2.8 
Tons of crude ore per man-shift, operating............. 1644 1424 
Tons of crude ore per man-shift, repairs............... 4804 4162 
MWonstorcruae ore per Man-shitt. +s cues ct ee ee chee 1225 1061 
Hotsepowerper mill! 0; a SEO age pal Jai. 164.5 hose 
Horsepower per ton ground 0.084 0.142 
Ball or pebble consumption, pounds per ton ground..... 2.526 1.229 
Cast-iron lining consumption, pounds per ton ground... 0.320 0.240 
Roval Costepertonuground sees AE ee ee Ah PO See 0.2308 0.1037 


17. Chilean mill 


The Chilean mill developed from the ancient arrastre (Art. 20). The 
first step was a single stone roller running on a stone pavement. The 
modern counterpart of this step is the slow-speed mill. In the years 
1900 to 1910 the high-speed form, representing the highest development, had 
considerable vogue in gravity-concentrating mills, but ball and pebble mills 
have now almost completely superseded it in concentrating practice. Slow- 
speed mills have been put forth by a few engineers as a one-step machine 
from rock breakers to amalgamating table in competition with stamps 
alone or stamps plus tube . 
mills, but they have been 
adopted only in a few small 
plants or in backward 
countries where substanti- 
ally fool-proof operation 
is essential. Repairs are 
frequent and slow to make 
and the parts are heavy 
and difficult of access. Len- 
nox (63 A 521) states the 
now generally accepted 
conclusion, viz.: that the 
Chilean mill is not a fine 


grinder and hence not a Z Zip; 

true competitor of ball and EQ \ 

pebble mills. — SS 
High-speed mill. A x 

typical high-speed mill is D_°wZ > s_ Sy E> 


shown in Fig. 36. The 
essential parts are a cir- 
ian ase cay A Fic. 36.—High-speed Chilean mill. 

with screen and sheet-iron 

wall (b), a die ring (c) and three steel-shod circular rollers (d). The method 
of mounting and driving the rollers differs in different makes. In the figure, 
the rollers are rigidly mounted on axles carrying thrust bearings trunnion- 
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mounted in an adjustable yoke (e) driven by feathers from spindle (ff). The 
vertical position of the yoke on the spindle is adjustable by means of nuts on 
the threaded upper portion. This permits lowering the axles as the tires and 
die wear and also, by inclining the axles downward toward the spindle, util- 
izes, in crushing, a certain proportion of the centrifugal force developed. 
The feed stream, introduced into the annular box (g) is led by pipes (h) to 
a point just ahead of the advancing rollers. Scrapers (7), following the rollers, 
churn up the material on the dies and help to keep the fines in suspension. 
Travel of the rollers causes a circular swash of pulp against the screen through 
which ground material discharges into the annular launder (7) and is led 
away. ach roller is free to lift independently when an uncrushable lump 
is encountered. In another form the thrust bearings are rigid in the yoke 
and the latter is carried on a spherical bearing on the spindle. The whole 
table tilts when one roller passes over a large particle. Both types of mill 
are made, infrequently, with overdrive and also with fixed axles and the 
journals in the roller hubs. Over-drive is clumsy and less rigid than under- 
drive. Hub journals are difficult to lubricate and protect against grit. 


Sizes. High-speed mills are made in sizes from 2- to 8-ft. diameter, weighing 6000 
to 125,000 lb. respectively. The commoner sizes are the 5- and 6-ft. weighing respectively 
about 30,000 and 50,000 lb. 


Low-speed mill. The modern form of low-speed mill has two to four 
rollers running on a die ring 6- to 10-ft. diameter. The rollers are made 
very heavy, or, in one form (LANE MILL) are on axles whose bearings are 
attached rigidly to the yoke while the latter carries a large tank that may be 
loaded with several tons of ore or pig iron in order to add to the crushing load. 
The sizE or pRopUCT is determined by the height of the overflow lip and 
moisture content, no screen being used. 


Mantey offset. In some slow-speed mills the center line of the roller shaft is offset 
slightly behind the center line of the spindle. This accentuates slipping of the roller face 
on the die surface and increases abrasive action. 

Drive. Mills should be fitted with an oversize clutch on account of the great inertia 
of the heavy revolving parts and the consequent heavy power draft at starting, 


Performance of high-speed mills in American concentrating practice is 
given in Table 88. 


At the Garka PLANT (20 IMM 161), Rhodesia, a 5-ft. Akron (high-speed) mill with 30- 
mesh screen was run at43r.p.m. The feed was all through 1.5-in., trommel and battery 
screen, 10.4 per cent. on 1.25-in.; product, 1.5 to 3.5 per cent. on 40-mesh, 38 to 49 per 
cent. — 150-mesh according to whether the dies were new or worn (new dies did finer crush- 
ing but at lower capacity). Power consumed, 25 hp.; consumption of chrome-steel tires and 
die, €.646 lb. per ton, aver. life 53 days. At Grear Gotp Brit mine, Amboy, Calif. (92. J 
305) a Lane 4-roller slow-speed mill with 7-ft. (O.D.) die-ring, running at 10 fame with 
4-in. discharge height, crushed — 1-in. feed (hard, close-grained quartz-hematite) at the rate 
of 20 tons per 24 hr. to substantially 40-mesh, with 86 per cent. through 100-mesh. The 
weight tank contained 414 tons of rock. The size of product was determined entirely by 
height of discharge and moisture content. Inside amalgamation was practiced. This 
mill was installed to answer the demand for a low-cost unit of small capacity and low water 
and power consumption. At the Sanra Exrna plant, Guanajuato, Mex. (90 J 967) a 
slow-speed mill with Mantey offset crushed 27 tons per 24 hr. of — 2-in. average quartz ore 
through 40-mesh wire screen. The product contained 1 per cent. on 60-mesh and 67 per 
cent. —200-mesh. Speed was 15 r.p.m.; moisture 89 to 91 per cent.; horsepower, 15 
(0.075 ton per hp.-hr.). Ton-cap screen of the same aperture gave notably higher capacity 
than square-mesh. Dies and tires lasted 18 mo. Cost was £0.235 per ton, of which power 
was 62 per cent. and tires and dies 28 per cent. At Hacinnpa pp LA UNION (86 J 989) a 
slow-speed 2-roller mill with overflow discharge 23 in. high ground quartz ore from — 1 ais 
to 0.4 per cent. + 80-mesh and 80 per cent. — 200-mesh at the rate of 15 tons per 24 hr. 
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The wheels were 8-ft. diam., 16-in. face, weighed about 8 tons and were mounted with 
Mantey offset. The die ring was about 4-ft. diameter. Speed was 10 r.p.m.; power con- 
sumption, 10 hp. Cosr was about $0.35 per ton. Bayldon (20 IMM 125) describes 7- to 
1014-ft. 2-runner slow-speed mills used in Russia for crushing and amalgamating relatively 
soft gold ores. Taking —3- or 4-in. breaker product, these mills crushed from 16 to 26 tons 
per 24 hr. through 0.5- to 1-mm. screens with a consumption of 7 to 12 hp. Speed was 
11 to 14r.p.m. The product contained less than 1 per cent. on 30-mesh and 63 to 88 per 
cent. —200-mesh. Tons per horsepower-hour ranged from 0.065 to 0.095. Steel consump- 
tion averaged 1.2 lb. per ton. In an improved type of mill (8-ft. 6-in. mean diameter of die 
ring) with 2 runners weighing 5 tons each and making 14 to 16 r.p.m., 3-in. crusher product 
was ground to 30-mesh (70 to 80 per cent. — 200-mesh) at a rate of 40 tons per mill per 24 hr. 
or about 0.1 tonperhp.-hr. Weight of mill was 23 tons. At La Unron (93 J 393) a Pachuca- 
type mill ground from 1}4-in. to 80 per cent. — 200-mesh at one pass at the rate of 0.071 
ton per hp.-hr. 


The low-speed mill is a competitor of the modern high-speed mill and of 
stamps plus tube mills. Compared with the former (see Table 88), the tons 
per horsepower-hour to 30-mesh is low, but the feed is much coarser than any 
sent to the high-speed mills. Bayldon states that the capacity of one 
of his mills was increased 63 per cent. by a speed increase of 14 per cent. 
while the power increase was less than 62 per cent. Maintenance charges 
are, however, greatly increased by increase in speed and the fool-proof char- 
acter is largely lost. Stamps plus tube mills crush through the same range 
at the rate of about 0.05 ton per horsepower-hour. On this basis alone the 
Chilean mill is superior, but except in small plants, the number of units re- 
quired is so great and lost time so large that labor and maintenance charges 
outweigh the apparent power saving. 


Speed of mill affects size of product, capacity and power consumption. High speed 
makes coarser products and consumes more power, if the feed rate is the same. If 
the product is held to the same screen test the mill with higher speed has the greater 
capacity. Thus at the Portianp plant (63 A 523) a 6-ft. mill at 37 r.p.m. ground 282 
tons coarse feed per 24 hr. through 6-mesh screen (see Table 89). The same mill at 29 
r.p.m., grinding to an almost identical screen analysis, handled 186 tons per 24 hr. only and 
consumed 93 hp. 

Size of feed. Capacity through a given screen is considerably greater with feed of 0.75- 
to 1.5-in. maximum size than with, say, 3-mesh feed, (83 CMJ 832) the apparent explanation 
being that the coarse particles break up the swirl and cause sand to be deposited on the tire 
for grinding. At Porrianp comparative tests on 2-in. and 10-mesh feeds with 18-mesh 
screen on the mill (Table 90) showed more tons produced per horsepower-hour at every 
screen size with coarse than with fine feed, the discrepancy growing less the finer the 
screen taken. It was found impossible to raise the power draft with fine feed to more than 
80 per cent. of that with coarse feed. 

Size of product is determined by the screen aperture, height of screen above die ring, 
speed, moisture content, and whether the mill is operated in closed- or open-circuit. 
Finer screens produce, of course, finer products (see Table 89), but both tons per machine 
and tons per horsepower-hour are less with fine screens. On the other hand, the amounts 
of the finer sizes produced per horsepower-hour may increase with decrease in screen size, 
@.g., the tons of — 20-mesh product is greater in Table 89 with 18-mesh screen than with 
6-mesh screen. The tonnage of the finest sizes (65- to 200-mesh) per horsepower-hour is 
not greatly affected by change in mill screen. For the finest grinding, slow-speed mills 
without screens but with high discharge and relatively high moisture content are used. 
Running in closed-circuit with a classifier makes finer product with a given screen than 
open-circuit grinding (see Table 91). : 

Open vs. closed-circuit. Table 91 shows the results of comparative tests at the 
Port LaAND mill. Closed-circuit and open-circuit work produce substantially equal ton- 
nages of — 28-mesh material per horsepower-hour but closed-circuit work produces more 
—200-mesh. Further tests with 6-mesh screens on the mill showed that with an original 
feed of 251 tons and sand return of 217 tons per 24 hr. (46.3 per cent.) the number of tons per 
horsepower-hour of coarse feed (see Table 90) ground was 0.089, tons — 65-mesh_ product 
per horsepower-hour was 0.058 and tons — 200-mesh, 0.035. With 198 tons original feed 
and 310 tons return (61.0 per cent.) the corresponding tonnages were 0.078, 0.056 and 0.035. 


This shows economy in the smaller return. 
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Table 88. Performance 


eee) A, Si ee SSS eS eee 


Mill Porphyry |Phelps-Dodge,|Phelps-Dodge, 
copper Morenci Moctezuma 
Size, nominal diameter of die ring, ft........- 6 5f 6f 
Sheedy Fel jee coca yale ag one gta gel ae i eid 32 40 35 
MOIS TOM NE Weed WEN 2 Wir a a ile so weet etece 200 150 225 
Mons of totaliteeds per 24.hr.6 2 ee. ee BOO! haste. hevte operates one 300 
Moisture; per centeees Wire. ALe 2F. 60 72 65-75 
Power installed, inp!) 2Ole J. 2.0 2 ci Bee SF TILL ELEN Mire sees Stas Bee eile 6 ce reyman ehirtenalyce 
Powerconsumed, hpsdeer weto. beter wee 30-35 35 45 
Tons crushed per horsepower-hour.......... 0.238-0.278 0.170 0.208 
Attendance, machines per man./.........-.- See Pee sei Sees 4 
Bostatime, per eent....d gh). feis le ese «reislelaye «bersye RT a Wioas a oti meron occa acosekeyeye avers 
Principal causes of lost time..............- a a,c, d c 
Oil consumption, pounds per shift.......... Dees” } |e celebs Soettek 2 
Goreensmeo ype crete aston ceflatces  mgecan ste as yeters Le Plate RT 
Sereensipmatertaliss tet. wt eal So). Jue. Steel 146-in. steel Steel 
Serecensapernbure sn. deities tales ad eps cpa 0.0325-in. 0.059-in. 0.080-in. 
ScheenswlikeMGays. Sate. eel enMe. ome whe ween ce 6.5 1 15 
Dies; material. ts RWeEtt eNMER oie. Tht 2. b cS Mn 
Wires, weiehtnews |Dasee- << cacy cup ok: is 2990 1722 3000 
WDresene wGMY Ste aoe cea Steyr ne we rte tues 159 65 170-180 
Dies, consumption, pounds per ton......... 0.048 e 0.075 
Rolier tires, materials cai 4 © Melsuseu-lelthieye ius b RS Mn 
Roller tires, weight of each new, lb.......... 1550 842 1530 
Rollerstires,ligesidaysd 0/5... EOS SOIT OLS 167 65 140 
Roller tires, consumption, pounds per ton... 0.075 e 0.133 
Sereens Sizing 
Mesh In. Mm. F 1% ¥F Pp F P 
Po ae 3 Sees. Gee BREE OS Satelite PR Se: 
api Be satus oo gs 2 ats rey P Ts Me eg. dese: <p. SE SE 
cine orale aS Lo) BY aso wee anunpy league Mk aerocaes gill «spake eal gene die 
SrA erate car sage 1.05 26.67 PT eee 
BEM eaters ae oe 0.74 18.85 T Abtetccallteuesteratere 
Abe civeeis eee 0.52 13.33 Pera 
BP Ds ep he 0.37 9.42 HOLA S| OSUATINT VOAS Fok 
3 0.26 6: 6Se) Maes cilia. BERe ieee aes ete 
4 0.18 Ar Oeiea oak ae Serres LinSigh estate 
6 0.13 SIE VOY RE Se WO ES LI. Duebessh ps 
8 0.093 PABRAG... Sia ae, SOM eek pe 12.6 0; 
10 0.065 1.65 pill asso Ge ii eZines g q 
14 0.046 1.17 6. Soe Mer sa iegshi (alae 3 FI 
20 0.033 0.83 TE 2.9 8.5 4, 19, me : 
28 0.023 0.59 25..2.ihel8 Dafoma7in t5dS My Ay “ 
* 0.016 0.42 13.0) | 153 Hel 6.1 
48 0.012 0.30 Seal) Ghat ball Rh Chill meee 
65 0.008 0.21 Sia ee us| aie Sell oo Flee 
100 0.006 0.15 SeSul VGLauilie 22 7a OGG Si 
150 Binet note ial bdee bak a rage 
200 0.003 0.07 Rech eae ia 58 
Through last sereen..........0.... eee eeee. 24.3 | 46.9 | 19.4 | 50.0 


a Changing screens. 6 Latrobe brand steel. c Changi i i ili 
e Tires plus dies: consumed, 0.3549; scrap, 0.0662; total: sont. Py Rebieded sya 
mills, g Crucible steel. h Mechanical troubles. i Hardened steel. j 52 A 129 
k 0.501b. perton. 2 60498, m 0.41 lb. perton. n 634511. 0 Slot 0.180 X 0.438 in, 


Arts 17. 


of Chilean mills 


CHILEAN MILL 


477 


Chino 3 B -Ki 
: Calumet Churchill Se ee ij 6 
Consolidated are ..| Development|] Portland e Roi No. 2 
Copper Co! & Hecla ‘| Milling Co. (j) Cod) 5 ortlandsin) (p) 
6 6 6 10 6 6 
32 30 30 8-10 37 iy. Sa: 
aoe 40 133 65 275-300 50 
6-70 ae Re SE 5 lings vi she teksllad lion opines a3 erieh ar eliei|waeeveueny ree Gas 
50ST am euanie. Sere ered” ut” Like erie eaieeek A TS ean Uae 25) eal 
0 125-0.187 0.088. Oa OE aphid tes t 
Femme | Mecimae  Oe E Yay eee Me casas te | ete aT one call meee ere oer ae ee 
2 GeO) Wis Sot ares odovere ate eee 3(Or A ae TORE Rey 
ose 1; amit Mah Re, 32k © lies Ai be ons get canst 2, CLALMOHT | ERT AG HO 
Ade RE Pare earch | aes hess ous Maal ee Ste co aoe oval soos sot tego oe |e eee ne 
ye Plate FErNoP 693s ee ee nee eee ee 
» (AND dae Nether Te At: fel ROT Seka, ctor cca tame a oer oe Be ono tee 
aa yes SP ie Aerie? SI carne 2 Gee bow eae aah, (0) (Oey 
Oe SRS, CURLS bse) (0) 8 (UekKe © eco (oe .viw bast g 
g HCS (Oye Wei caemornacier ie tcl Gey itate ancien yet Cr 
2875 SATIN oe IANO ere aa aren enemas mbar EE Meal IR eee gia 
135 CO Bal re cee es Neetu tare otc. ers A occ ac cee A enn hg 
0.09 0.4 k m 0.284 r 
g HCS oe Bs tt eee eae Cr 
1500 OO. Mt. <P ie As kaa ae eam ate yaar [toe GREE estore Ute wt ie ee 
148 GOR Wee eek tee oe ce cell ire See re ca, ces | LE eee can el ect 
0.14 0.6 k m 0.405 r 
if 
tests 
F iP F P F 12 Fr ip F 18 ny 12 
Meiers nt ARB 1 lh RRs ek eT ee cease ca x 0c, MEMO ata. WU cee eine le eae 
ei ioteee bt 3 an ere ae ee oe ee 
2 eye Tc [avec oie phe Aedes linters cach Mines Sea’ | Sern renee 
eer oe eee 1ST E IBS SST lie Braeae 0 a sree 
SA ee UG <u. co etea | conta o./ew lie eee es Tye Ser | ideo 8a laa mae | al ea 
em EN can See lO Bll ak. meee ty 5 ot brallte acereasee) | ateten en s ya a he ta | ce oe Oe pes 
fies ee Wi ag 0 EL at os AE er Ae tit Heil a Te 
on te Dantes PEROMONCWO 8 fet mn a | MRR CUS art haere te Bsa. lv eeeead WN. 5.-d. Aig, ET Rg <? Bales Si. 8s, co ae ae 
Sor utcacect |teato-c-cuctic | paemmmmammemaa | Sauna zeu] Hest eat ieee) MERE crear acticin Ly eb) lean a Re * COREE a 
Bec talsnciece he ly . eam fente CUMERT Ayn SRPRE ORR ALS Meo SIME lie oh icici aN tee een eee (Meee tee 
eaten se ceiieees seo a Sh TREN | te Ss Wey a RSE PERE || GR Pea SOR LAH EM CRU a Oud 6, se 
TDW Ost 4 8 lal abp rcs| Seatnaantl Chis ews eee SHOn ee leca ena a 0 
7 Ni gy pei Bed i cal Thea \etegne OME Gas ORS) F O-igltacisn anes 
14.4 joo = = 46.9 940 22.9 0 te i Vrileto res 1.8 
TAS ZUM Tae Lier Wee RN PRD HM Eee ee lier artis cet ice at eusce: [sss aye eo OUR oe eas 
14.0 | 11.1 Kot Stet, poo hit Dei b es | Oe Pairs Seat SY AERIS 
5th ctsl| Bay. oe PASC 2: 1 OTR SE Oe a ee ek 5.9 
5.6 hich anceretncst Yactinisnd. eolactntze 225 | 14:0 Orv IPRA, AIS ie UR NT eV) ee 
ATTN ae ee rE Be TAG Il Te Carel c CoMMB OSES he tera Freel (cats eb Me nese ae 3.0 
3.6 Y ieee bes imar CoPe9| femaa i i | Se a [ee RE a eS 11.4 0.5 Sree teaver Aan 
hed) ox iG. 7.6) 12.8)......) 18.8) 0.6) 8.3 ]......)..,.. 
SDA alia Onis cb) VEO skeltsy wage tO. at) Oeaal agi ‘|i, Pais oF 
1,2 31.7 ie) ORO, Ale. fens 0.4 G2 aaa. ake 
19.0 | 35.5 15:9, | 31.2 2.8 | 43.1 1.6 | 28.2 100 i Sees} 


p 114 J 1119. q Cost $0.011 per ton. r 1.64 lb. per ton total; cost, $0.274 per ton. 


Cr Chrome steel. 


RS Rolled 


steel. 


CS Cast 


RT Rek-tang. 


steel. 


HCS High-carbon 
TC Ton-cap. 


steel. 


F = Feed. 


Mn Manganese 
P = Product. 


steel. 
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Moisture. Increase in moisture increases capacity but causes discharge of a coarser 
preduct. Comparative tests at PortLanp mill are shown in Table 92. Tons — 65-mesh 
and —200-mesh, product per horsepower-hour are substantially the same with the two 
moistures tested. The higher moisture with corresponding higher tonnage is indicated as 
the better practice, if the coarser product is satisfactory metallurgically or if the following 
re-grinding machines reduce sands as cheaply as the Chilean mill. Lennox’ conclusion 
from mill operation was that 75 per cent. moisture is best; usual practice, according to Table 
88, lies between 60 and 75 per cent. 


Table 89. Effect of screen aperture on performance of Chilean mill. (After Lennox) 


SOrEEDEAPEEbUEE. MESH. xs sueng Tits cn ceolsiel eagle 6 18 30 

’ Tons of feed per horsepower-hour............. 282 256 175 
Speeder pune cert a cee cd Fen Nn eee the 37 37 37 
OISCURCs POL COMbaa tae tye <r ¢ a4 <cclspscacue eee 75, 75 75 
Power consumptionjsbps..e.. 6.6. 62s ce ereewe 112.8 114.2 100.0 


Weight, per cent. 
Screen mesh (a) 


Product (a) | Product (a) | Product (a) 


10 ay a ORS, eeares |r SB EOS 
14 5.6 OLS Wik. 4 SER oe 
20 Te seal ieel 
28 8.5 9.1 Sed 
35 hee 9.8 9.0 
48 7.4 10.2 11.8 
65 8.3 -10.0 10.0 
100 8.3 10.2 10.9 
150 6.1 6.3 8.1 
200 (BLD Tess 8.5 
— 200 28.2 S10 35.5 
Tons of feed per horsepower-hour............ 0.108 0.093 0.073 
Tons —20-mesh produced per horsepower-hour 0.078 0.083 0.068 
Tons —65-mesh produced per horsepower-hour 0.048 0.048 0.044 
Tons — 200-mesh produced per horsepower-hour 0.028 0.028 0.025 


a For feed analysis, see Coarse feed, Table 90. 


Power consumption with a given feed increases with the feed rate, all other things 
remaining constant. Lennox found that with a feed rate of 256 tons per 24 hr. and power 
draft of 114.2 hp. the tons — 20-mesh product» per horsepower-hour was 0.083 and the 
— 200-mesh, 0.028 (Table 90). Reducing the power draft to 84.1 hp., by reducing the 
feed rate to 171 tons reduced the production of — 20-mesh material to 0.075 ton per hp.-hr. 
while — 200-mesh, remained the same. With softer ores, tons per horsepower-hour through 
6-mesh screens averages about 0.2 At Miami (115 P 568) two 6-ft. Chilean mills handled 
480 tons per 24 hr. with 150 hp. By increasing the feed rate to 550 to 600 tons power 
increased to 175 hp. or over and the product was markedly coarser. : 

Wear of tires and dies when crushing relatively soft copper ores from 6- or 10-mesh to 
14- to 20-mesh in high-speed mills averages about 0.25 Ib. per ton. On hard conglomerate 
ore the consumption is 1 lb. Ferguson (450 A 298) gives a consumption of 1.06 lb. per ton 
on very hard silicious ore in Montana and 0.24 to 0.30 lb. on softer ores in Colorado and 
Mexico. These figures represent the usual extremes. 

Cost. At CuurcaILL Mitiine Co. (see Table 88) cost (1914) was: labor, $0.026; sup- 
plies, $0.053; power, $0.063; total, $0.142 per ton. At Barnes-Kina DryreLopmunt Co. 
(see Table 88) cost (1917) was: labor, $0.1253; supplies, $0.0689; power, at $0.07 per kw-hr. 
$0.0617; total, $0.2559. At PorrLanp (63 A 531) cost per ton (1918) was; labor, $0.0231: 
supplies, $0.0975; power, $0.0764; total, $0.1970, : 


; Chilean mills vs. Huntington mills vs. rolls. At Nevapsa ConsoLIDATED 
mill (123 P 325) comparison was possible between 6-ft. Chilean mills, 6-ft. 
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Huntington mills and 35 x 16-in. rolls set close, all re-grinding —%s-in. 
table tailing. Comparative performances are shown in Table 93. The 
results indicate the Chilean mill the best and the Huntington poorest in 
production of —30-mesh material (table feed) per horsepower-hour although 
the Huntington-mill product was the more granular (least —200-mesh mater- 
ial produced per ton of feed or per ton of —30-mesh produced). Repairs 
were highest on the Huntington mills. Only one roll was driven, which, in 
part, explains’ the high slime production. 

Slow-speed mills vs. stamps, stamps and tubes, etc. McLaren (101 J 15) 
presents a strong argument for the slow-speed mill. In comparing it to 
stamps he cites two western U. 8. mills working on medium-hard quartz ores. 


y 
Table 90. Effect of size of feed on performance of Chilean mill. (After Lennoz) 


Coarse feed Fine feed 
Monsolwfeed pero4 Writ... !. 4.,- sks Ric oc ck ote ence 256 306 
Power CONUSUMP LON ~ NOt...) osm les oe cab eee eee 114.2 78 
Speed. Ieuan re hte oe he cca time he tae sles © 37 BY 
MCreem Apercure, MeSNin. of. fo. Ble bos see bee es eo 18 18 
Weight, per cent, 
Screen, aperture 
Feed | Product | Feed Product 
2-in. recto Hy WE LOLA PONY, Seer eliee. SED 
1.5 LAr Qo) FG AER LE me Bee 
1.0 TERS eae Fae os ees es eller eee cee 
0.75 MDE Oh | theecs Serer 21 ie earn ne ene a 
0.5 140 Pe kde, eee ee A 
4-mesh Leia lions cts eetetallis-s theres cated eels or comets 
6 DRO mal | ee eee tes eee teil s este tae 
10 Se Oi | aes s Le yaad heen ReneS 
14 0.9 0.8 8.5 1.4 
20 0.9 5.1 10.3 Tid 
28 0.9 9.1 14.6 14.4 
35 0.7 9.8 i 12.6 
48 0.7 10.2 13,2 13.3 
65 0.5 10.0 8.9 11.0 
100 0.6 10.2 6.6 10.0 
150 0.4 6.3 og 5.4 
200 0.4 Wee 252 ae) 
— 200 1.6 31.0 4.5 19.6 
Tons ground per horsepower-hour.............-- 0.093 0.163 
Tons — 20-mesh produced per horsepower-hour... 0.082 0.043 
Tons —65-mesh produced per horsepower-hour... 0.048 0.039 
Tons — 200-mesh produced per horsepower-hour.. . 0.027 0.025 


The first mill used ten 1440-lb. stamps and one 5 X 16-ft. tube mill. Feed was 80 tons 
—2-in. material per 24 hr.; battery screens were No. 12 Ton-cap, and battery product con- 
tained 25 per cent. — 200-mesh, which was removed ahead of the tube mill. Stamps drew 
34 hp. and the tube mill 40 hp., so that the tons per horsepower-hour was 0.098 for the 
stamps and 0,045 for stamps plus tubes. In the other plant three 10-ft. Lane mills drawing 
about 12 hp. each crushed 48 to 50 tons each per 24 hr. from — 2-in. to 40 per cent. — 200- 
mesh with discharge height of 614 in. Tons per horsepower-hour was 0.167 to 0.174, or 
about 70 per cent. more than that for the stamp battery, and the product contained 60 per 
cent. more — 200-mesh, which would take 20 per cent. of the load off the tube mill in the 
first plant. McLaren also compares a 10-ft. Lane mill at 8 r.p.m. crushing 40 tons per 
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Table 91. Open- vs. closed-circuit grinding in Chilean mills. (After Lennox) 


Open cireuit Closed circuit 
Ronsiper wAdar eee er dies kN: 225 184 
Mons return sand per24 bins socee «to asa edge oe OGe 190 
Cf OER ig ie) OSLO a tet OP oP PRE Nyro ene ener ik 37 
Screemsaperture, meshiey': Sec. ces encom ote ce ois 18 18 
Power CONSUME, Wee. cc... bis ciaecie a auese Me 105.7 107 


Weight, per cent. 


Screen aperture (a) 
5 Mill Dieehaes Classifier 
discharge SC BTSS overflow 
20 8.0 S707 Tr. eee 
28 8.9 La: 0.8 
35 8.8 125 1h 4.2 
48 9.3 11.9 7.4 
65 9.0 10.2 10.6 
100 8.9 8.8 11.8 
150 (ae 6.9 8.9 
200 720 5.9 9.3 
— 200 33.0 25.4 47.0 
Tons original feed per horsepower-hour........ 0.089 0.072 
Tons — 28-mesh produced per horsepower-hour. 0.069 0.068 
Tons — 200-mesh produced per horsepower-hour. 0.028 0.033 


a Yor feed analysis, see Coarse feed, Table 90. 


Table 92. Effect of moisture on performance of Chilean mill. (After Lennox) 


Moisture in teed? per, cents 2 oli. Muh di euros 62.7 78.5 
Tons auieed permed br. eb Neh de cacna sen as 215 241 
SO CAC Me DARD see e SMEs Diath Rs oon. ae cn cis aos 37 37 
Screenraperture, mesh. 43.02. 0t dhe soe ee cece 18 1K3 
RowmersCons imp UlON, GMD ge Een eM ede on ons sine 110.4 110.5 


Weight, per cent. 
Sereen mesh (a) 


Discharge (a) Discharge (a) 

35 23.8 PP) 

48 9.0 9.9 

65 8.1 8.2 

100 9.4 9.4 

150 6.4 6.2 

200 GED, 6.9 

— 200 36.1 eR 2: 

Tons of feed per horsepower-hour................. 0.081 0.091 
Tons —65-mesh produced per horsepower-hour.... 0.048 0.050 
Tons — 200-mesh produced per horsepower-hour... . 0.029 0.029 


a For feed analysis, see Coarse feed, Table 90. 
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Table 93. Comparative performances of Chilean and Huntington mills and rolls 


4 


} Machine...... digs Hina eb Jawae g NOE anes e Huntington Roll Chilean 
Tons per machine per 24 hr.................. 185 260 140 

] Part ground through 30-mesh, per cent........ B73 26.9 55.8 

liPowér consunted) hp 2202.4. Ot AN, Sheik elem 26 ay Gas 32 

‘Tons — 30-mesh produced per horsepower-hour. 0.081 0.093 0.103 

Tons — 200-mesh produced per machine per day]. TO 7, 26.2 23.3 

‘Tons — 200-mesh produced per horsepower-hour. 0.022 0.035 0.030 


| 24 hr. of — 1.5-in. feed to 53 per cent. — 200-mesh and drawing 12 hp. (0.139 ton per hp.-hr.) 
' with the first two steps in the 3-stage reduction at GotprimLD CoNnsoLrparep where 1050- 
| lb. stamps crushing —1.5-in. feed through 4-mesh screen were followed by high-speed 


i 


(Chilean mills with 16-mesh screens and these by 5 X 22-ft. tube mills. Stamp duty was 
8.5 tons per 24 hr. for 2.4 hp. (0.148 ton per hp.-hr.) and the product contained 20 per cent. 
/—200-mesh; Chilean mills handled 75 tons per 24 hr. for 35 hp. (0.089 ton per hp.-hr.) 
to 30 per cent. — 200-mesh. Tube mills ground 95 tons per 24 hr. to 95 per cent. — 200- 
-mesh and drew 60 hp. (0.066 ton per hp.-hr.) Taking the first two stages as a unit, 0.056 
|ton were ground per horsepower-hour to 44 per cent. — 200-mesh, which is substantially 
half that of the slow-speed mill. At Bonrra mitu, Barron, Wash. (85 J 1053) a 5-stamp 
battery with 25-mesh screens ran side-by-side with a 5-stamp battery with 4-mesh (No. 16- 
wire) screen and a 10-ft. Lane mill in series. Discharge height in the mill was 6 in.; speed, 
6r.p.m.; power consumed, 12hp. Stamps alone crushed 16 tons per 24 hr. and the product 
contained 10 per cent. on 30-mesh and 14 per cent. —100-mesh. Stamps plus Chilean mill 
_erushed 40 tons per 24 hr.; product contained 4 per cent. on 30-mesh and 36 per cent. — 100- 
mesh. Extraction on plates and tables was much better on the finer pulp. 

Chilean mills vs. conical pebble mills. See Art. 16. 

Chilean mills vs. Huntington mills. See Art. 16. 


18. Huntington mill 


Construction. Huntington mill (Fig. 37) consists of a cylindrical cast- 
iron tub (a), 3% to 6 ft. diameter, with screened openings (b) in the walls 
to permit controlled egress of 
ground pulp; a die ring (c) 
wedged in place against the 
wall near the bottom; and four 
rollers (d) suspended like gov- 
ernor arms from the yoke (e) 
which is keyed onto the upper 
end of the driving spindle (f). 
As (f) is revolved through bevel 
gearing from driving pulley (9), 
the rollers (MULLERS) are 
pressed against the die ring 
by centrifugal force and roll 
around, crushing material be- 
tween them and the dies. Feed 
is introduced with water at Eid ran cion anil. 
hopper (h), the swirl set up by : 
the revolving mullers throws it against the dies to be crushed and against the 
screens for discharge. The principal wearing parts are the roller tires, ring 
dies and screens. ‘Tires and dies are usually made of chrome steel. Screens 


are woven wire or punched plate. 


i i iddli ~ ~ ill with punched- 
JACONDA, crushing de-slimed 10-mesh middling to 20-mesh, a6 ft. mill wit p 
OG discos ernahed 74 tons per 24 hr. against 58 tons with woven wire. Average life of the 
punched plate was 12.4 days and of the wire screen, 13.3 days. 
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Weight ranges from 7000 Ib. for 34-ft. mill to 50,000 Ib. for the heavy 
6-ft. mill. 


Operation. Mills are usually run at a peripheral spEEp of 1000 ft. per min., based on 
the nominal die-ring diameter but Semple (42 A 602) reports that increase in speed of a 
5-ft. mill from 70 r.p.m. to 90 increased capacity from 50 to 75 tons per 24 hr. Low MOIS- 
TURE CONTENT makes for fine grinding and low steel consumption but reduces capacity 
greatly; the usual practice is 75 to 85 per cent. moisture, which supplies sufficient water to 
wash material through the screensreadily. The die ring and mullers both wear unevenly and 
this causes excessive pounding and rapid destruction of the mill. Metal shoes made to replace a 
muller are used to grind down the die ring and muller shells should be removed and turned 

down when the faces get fiat. Average 


Table 94. Feed and product of 6-ft. STEEL CONSUMPTION is from 0.75 to 1.5 lb. 
Huntington mill at Anaconda per ton of feed. PowER CONSUMPTION varies 
from 5 hp. for 314-ft. mills to 25 for a heavy 

* 6-ft. mill with heavy feed. FrxEp shouid be 

Sorsens Weightcper icant fine (0.25-in. or under) unless the ore is 
oer he hie eee feed oe excessive 
umping because the crushing force is in- 

Beod Freduch sufficient to break large lumps and the 

6 0.3 muller is forced to pass Over them and then 

8 0.4 Sab sealer flies back against the die. Capacity to 20- 

10 1 GSR TA eat epee a mesh ranges from about 8 tons per 24 Abr. 

20 52.1 ne 2 71 Pent horas 3y4-ft. mill with coarse (— 0.75-in.) 

40 35.2 335 feed to as high as 185 tons in a heavy 6-ft. 

60 5 9 13.8 machine re-grinding soft table middling 

80 28 11.5 from 10- to 20-mesh (see Table 94). The 
100 1 : 2 77 product is granular and well suited to table 
150 03 37 concentration. This is one of the principal 
200 0.4 62 ADVANTAGES of the machine. Another is 
— 200 0.3 16.6 the fact that it is especially adapted to sec- 
‘ tionalizing for mule-back transport and can 

therefore be used in inaccessible regions. 

Punched-plate screen, 14-mesh. Feed The DISADVANTAGES are the close attend- 
rate, 74 tons per 24 hr. ance required and high repair and main- 


tenance charges. The Chilean mill was an 
almost universally successful competitor before the advent of ball and tube mills, which 
latter have driven both mills out of the field. Cosr at Tonopan Munine Co. (91 J 1213) 
grinding through 0.02-in. rectangular mesh was $0.52 per ton, of which $0.21 was for repairs. 


19. Grinding pan 


Construction. The grinding pan (Fig. 38) consists essentially of a cast- 
iron tub, usually about 5 ft. diam. and 21% to 3 ft. deep, carrying a broad 
annular die ring on the bottom, on which 
heavy shoes are dragged by means of a yoke; 
this in turn, is driven by a spindle from bevel 
gears and a belt-driven counter-shaft below 
the pan bottom. Shoes and dies are ordi- 
narily of gray cast iron which wears down 
witha rough scored surface. White iron and 
alloy steels are unsuitable because the wear- 
ing faces become smooth and polished with 
accompanying reduction in capacity. 


rae ek | | Bee eo 


eieaas wi 


At Gruar Finesut, Australia (11 CME 291) shoes 
and dies corrugated circumferentially had higher ca- 
pacity than plane shoes and dies, metal consumption 
was lower (2.9 to 3.0 lb. per ton against 3.6 to 3.8) 
and power consumption was less on account of the 


lower speed. Fic. 38.—Grinding pan. 


An adjusting screw with locking wheel is provided for adjustment of the 
height of shoes. Mullers, which carry the shoes, should be attached to the 
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yoke arms by a flexible fitting in the nature of a universal joint; if a rigid 
joint like that in an amalgamating or clean-up pan is used, the shoes will often 
chatter, capacity be reduced and breakage increased. Die ring and shoe circle 
are sometimes continuous, but ordinarily short spaces are left both between 
the shoes and the die segments. These form channels into which pulp flows 
and from which the crushing faces are fed. New shoes weigh 75 to 200 th 
and the crushing force is limited to that exerted by this weight when dragged 
over the die. Compensating weights are sometimes used to keep the crushing 
force up to normal as the shoes wear. 

Pans are of two general types, viz.: ordinary and positive. In the ordinary 
pan the feed is introduced at any point, although preferably this is near 
the center, and discharge is by peripheral overflow or its equivalent 
Fineness of product is controlled by height of discharge. Baffles are 
placed on the inner wall of the pan to veturn pulp to the center. Capacity 
is low and power consumption relatively high on account of the large body 
of pulp that is kept in motion. The posrrivE pan is fed through a central 
cylinder discharging near the bottom of the pan at the inner edge of the die 
ring. Pulp flows outward through the shoe and die channels and is then 
forced upward along the walls of the pan by centrifugal force induced by the 
swirling action. Discharge is low. Size of product is controlled by outside 
classification (or screening) or by a screen (CoBpBE-MIDDLETON), or a classifier 
(Forwoop-Down) attached to the pan walls. 


Performance. At PmrsrvmRANCE mine, Kalgoorlie (16 MM 300) 8-ft. Wheeler pans (ordi- 
nary type) 344 ft. deep, with a small spitzkasten on the outside of the pan wall fed near the top 
by arow of 34-in. holes and having a slot 3 X 2-in. at the apex toreturn sand, were used. The 
speed of different pans varied from 25 to 30r.p.m. A higher speed could be used with slime- 
free feed. Capacity was 40 to 45 tons per pan per 24 hr.; power draft, 7 hp. each; tons 
per horsepower-hour, 0.24 to 0.27. Feed contained 50 per cent. +150-mesh and product 
30 per cent. Amalgamation was practiced in the pans. Shoes and dies were gray cast 
iron, 2% in. thick; life of shoes, 3 mo.; dies, 6 to 9 mo., each being worn to about 1-in 
thickness; consumption, 0.35 1b. per ton ground. At Homesraxe (22 IMM 93) modified 
Wheeler pans, 5-ft. diameter, with peripheral overflow adjustable as to height were used to 
re-grind and amalgamate. Feed was received in a cup forming part of the muller carriage 
and delivered by pipes directly in the path of the shoes. Total revolving weight was 2200 
lb.; power draft, 8.4 hp. at 58r.p.m. Capacity was about 20 tons per 24 hr. or 0.099 ton 
per hp.-hr. Screen tests of feed and product are given in Table 95. At Buck Minne Co., 
Wyo. (108 P 417) a 5-ft. ordinary pan at 68 r.p.m. in closed circuit with a Dorr classifier 
ground 26 tons per 24 hr. from 10-mesh to 80-mesh. (Table 95.) Pulp in the pan con- 
tained only 30 per cent. moisture when operating best. At Kynon, N.S. W. (22 IMM 16) 
8-ft. Forwood-Down pans at 30 r.p.m. with classifying discharge were used to grind jig 
tailing to flotation feed. (Table 95.) The product contained too much +40-mesh material. 
Raising the overflow increased the percentage of slime produced but did not greatly affect 
the amount of +40-mesh. Finally the classifier discharge was removed and the machines 
were put in closed circuit with King screens, which solved oversize troubles. At Broxmn 
Hiny (100 J 152) 8-ft. Forwood-Down pans at 32 r.p.m. ground 2 to 2)4 tons per hr. from 
—3-mm. to 10 percent. +40-mesh; 5-ft. pans of the same type at 50 r.p.m. ground 114 
tons per hr. through the same range with a consumption of 8 hp. (0.187 ton per hp.-hr.). 
Cast-iron shoes and dies lasted 6 to 8 weeks, equivalent to 2.5 to 3 lb. wear per ton ground. 
Stage crushing was found preferable to single-step and tube mills much cheaper than pans. 
At the Zinc Corporation (118 P 90) —7-mesh +20-mesh jig tailing was ground to flota- 
tion size (40-mesh) in 5-ft. pans at the rate of 1.25 tons per hr., return sand bringing the total 
up to 3 tons. These pans were originally installed as non-sliming fine grinders for gravity 
concentration and were not as good as tube mills for flotation feed. At Presrpa Buiocx A, 
West Africa (106 J 54; 22 JCM 149) 5-ft. Cobbe-Middleton pans, having a weight-and- 
lever device for holding the shoes against the dies, were used for grinding and amalgamating 
pyritic concentrate. The duty on — 10-mesh feed with 14-mesh screen was 8.2 tons per 24 
br. of —60-mesh product or 5.7 tons —90-mesh. This was at the rate of 0.048 ton — 90- 
mesh per hp.-hr. and is comparable to 0.052 ton —90-mesh per hp.-hr. in Rand tube mills 
on similar ore. (See Table 95.) Wear of shoes and dies including waste, which was large, 
was 0.9 lb. per ton ground. The pan had maximum capacity with new shoes and dies, 
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ae oF ee oan Positive vs. ordinary pan. 
3 = Stepan oe Suc ahem Sdhnlein (96 J 681) reports 
1S) ak Naclg Enbrel comparative performances of 
oS : 3 : positive and ordinary types. 
aI | a BOE Sy Co aad At a BoLIvIAN TIN MINE, 5-ft. 
SI sae Peamaccn ec cee ac pans of the ordinary type run 
ce a —— at 32 r.p.m. ground 2.5 tons 
9 15 O'1O + -O-a per 24 hr. as shown in Table 
faa) Bee 1 Eo Rigor PEE LC 95. At 60 r.p.m. practically 
ARS a ae no grinding occurred in a pulp 
: containing 20 per cent. solid. 
=) ” * : ane Variation in discharge height 
aa S ete oath from 2 to 3 ft. made no appre- 
Baa ors ae ciable difference in character of 
Ao Se ig OO tO a ear, product (at 32 r.p.m.) and the 
Be Q BY RONAN MONAT AE IN lower height was adopted be- 
a8 2 ib ; a . cause of lower power consump- 
aa 'o 190 19 | ‘own =| 2 tion. By changing the feed 
a 1S [Hw (oS (ied «|S froma launder dischargingnear 
a poN ee a © the center of the pan to an 
a a ie exer : © annular cup with pipes leading 
Bi le te a 3 ee RAS ne : 5 down to the inside of the shoe 
se} “38 g CN ig 5 i ee ‘3 circle, the speed could be in- 
3 Ss 23 & - - ® creased to 40 r.p.m. and capa- 
te EZ ae 3 Ferd S city was raised to 7 tons per 24 
| Sa x peo PIAS, | hr. (See Table 95.) Feed and 
Ss SS 3 © product were both coarser than 
+3 hack g 1 NOOO 1 1c. ee) )|(Op dnthe.unmodified pan, but, the 
3 eI Se : a i eh Sid pein sah Sn ah _ tonnage of fines produced by 
S Aue 6, gS nee SST Nee S°. o the modified pan is much great- 
roy care es = Taha? 5 & er. At 50 r.p.m. (see Table 95) 
O.) Bre Ro | a a! ae © |< the discharge was too coarse. 
q ooat Spires! 1 1OKR @ - O° a PF ys 
ag 2 E EOIN seh mw (34 urther change to a positive 
z =z — — a pan with central feed cylinder, 
Ao dad ++ ON +O + -H 3 20-in. overflow height and out- 
3 SAS ¢ x + +s xH9 “© = 80.2 © side classification (Dorr) with 
2 abis = £4 5 | return of oversize increased 
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bottomed cubical stones weighing 100 to 1000 lb. were dragged by means 
of a horse-drawn sweep. Ground pulp overflowed through pipes at about 
6 in. above the floor. Amalgamation was commonly practiced in the machine. 
Capacity varies from 200 or 300 lb. per day of soft ore in machines 3 or 4 ft. 
in diameter to 2 to 5 tons in 8- to 12-ft. mills. 


Storms (91 J 1058) gives the following details of cotistruction of the double arrastre 
shown in Fig. 39. Floor (a) was a double layer of 2-in. plank., Walls (b) were built of circular 
segments of 2-in. plank nailed together. The ‘ 
bottom of the basin was filled with a layer of 
firmly-rammed clay, then 6 to Sin. of sand in 
which the floor blocks of hard, tough stone were 
laid. The edges of the blocks were left rough so 
that the spaces between them would afford set- 
tling places for amalgam. The floor sloped about 
one in 8 toward the sluice gate, which was 6 in. 
wide, extended 4in. below the top of the rock c 
floor and was closed by a sliding door. The dis- aS 
charge height was varied by 1-in. strips laid in Fie. 39.—Arrastre. 
cleats. Drags weighed 800 to 1000 lb. Massive diabase, diorite or granite served well for both 
floors and drags. The drags were fastened to chains by %%-in. eye-bolts wedged into holes 
5 in. deep, and were set to sweep pulp into the path of the following stone. The front end 
of the drag stone should be lifted about 1 in. in order to nip large particles. The water 
wheel was of the hurdy-gurdy type; pipe line 7-in. diameter with 2-in. nozzle; water 
available, 18 cu. ft. per min. under 100 ft. head. Pinions were 3-ft. diameter with 13 
hardwood pins 2-in. diameter, 4 in. high and 4 in. center-to-center. The horizontal pin 
wheels of 2-in. plank spiked and bound with strap iron were 6-ft. diameter with 51 pins simi- 
larly shaped and spaced. The main shaft revolved on 3-in. iron gudgeons. The bearing 
for the center post was made of 4-in. square steel 7 to 8 in. long with aspherical depression 
3-in. diameter by 114 in. deep, smoothly finished, tempered at bronze color and set in the 
upper end of the lower post, which was bound with an iron collar to prevent splitting. 
The gudgeon in the foot of the revolving post was forged to fit. 

Operation. When amalgamating in this machine batch operation was practiced. Ore 
was charged a little at a time with enough water to make a thin mud (40 to 60 per cent.) 
and ground for 5 to 7 hr., or until fine enough to add mercury, after which addition grinding 
was continued 2 or 3 hr. or until panning showed all free gold amalgamated. The speed of 
drags during amalgation should not exceed 360 ft. per min.; higher speed could be used 
during crushing, but repairs were less when the desired capacity was attained with heavy 
drags and low speed. During the latter part of the amalgamation period the drags were 
slowed down to 150 ft. per min. and pulp diluted to allow coarse grains to settle and be 
ground and amalgam to settle in cracks. When panning showed the pulp free of amalgam, 
the basin was raked and sluiced out gently and the floor cleaned up in the usual manner 
(see Sec. 8, Art. 11). 


21. Swing-hammer pulverizer 


The swing-hammer pulverizer (Fig. 40) is probably the most widely used 
of the crushers that depend upon 
impact to break 2- or 4-in. lumps 
to 144- or \%-in. size. The essential 
parts are a plurality of disks (a) 
mounted on a rapidly-revolving 
shaft, each disk carrying a plurality 
of hinged beater arms (b). This 
mechanism is enclosed in a cylindri- 
cal chamber (c) lined with heavy 
breaking plates (d) and a grid or 
cage (e). Feed entering hopper (f) 
is struck by the beater arms and 
i thrown against the breaking plates 
Fic, 40.—Swing-hammer pulverizer. and against the cage until broken 


fine enough to fall through the cage openings. The cage and toothed breaker 
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plates are adjustable as to distance from the central shaft, which permits take- 
up to Comper ate for wear and adjustment for size of discharge. Hammers, 
liners and grids are made of high-carbon tool or manganese steel. The ma- 
chine is made in many sizus and is used for crushing many different materials, 
mostly in the industrial field. A few of the sizes with data from actual 
operations are given in Table 96. Some hammer machines take 5- to 6-in. 
feed but the usual practice is to feed them with 1- to 3-in. material. 


a 
Table 96. Swing-hammer pulverizers. (From Jeffrey Mfg. Co. catalog) 


Capacity 
Size, Speed,’ |Approxi- (Siskiat 
diameter X | Weight, | revolu- mate : 
; spacing, 
length, pounds | tions per| horse- anes Tons 
inches minute power Material per | Size product 
hour 

SOCOM Sek are care Reel er iteshay soa) 6 1 Dolomite 0.33] 50% — 20-m 
24x18 2,700 |1200-1500 20 Adel 3 Dolomite 5.5 | 50%—20-m 
30 X 24 4,700 |1000-1200 30 0.06 Sea coal 3 75% — 40-m. 
36X18 5,800 1000 45 0.25 Limestone 8 60% — 20-m. 
36 X 24 6,400 1000 60 0.06 Limestone 9 80% — 24-m. 
36 X30 7,600 1000 80 0.06 Limestone 10 50% — 60-m 
36 X30 7,600 1000 80 0.125 | Limestone 18 | 90%—20-m. 
36 X30 7,600 1000 80 1 Limestone 25 —0.25-in. 
36 X30 7,600 1000 80 1 Culm 50 —0.25-in. 
36 X30 7,450 1000 80 1 Bit. coal 50 —0.25-in. 
42X36 8,700 | 800-1000 100 1 Bit. coal 75 —0.25-in. 
42X48 17,000 | 800-1000 110 1 Bit. coal 100 —0.25-in. 
48X48 19,000 | 700-800 125 1 Bit. coal 125 — 0.25-in. 
48 x60 24,000 700-800 200 1 Bit. coal 180 —0.25-in. 


In the hammer-bar machine U-shaped bars take the place of the ham- 
mers. They are generally used for somewhat finer feed (0.5-in.) than the 
swing-hammer machines. 

According to Williamson (87 TAIEE 1550) hammer mills (all types) crush 0.14 to 0.16 
ton per hp.-kr. from 24-in, maximum to 20-mesh. 

Capaciry is markedly affected by moisture. At one plant a machine that crushed 
75 tons per hr. of bituminous coal through a 34-in. sereen when the coal contained 4 or 5 per 
cent. moisture would crush only 50 tons of coal containing 9 to 12 per cent. moisture. In 
asbestos work the discharge grid holds back coarse fiber and causes it to be over-crushed. 
Tramp iron causes serious breakdowns. A machine handling 15 to 20 tons per hr. of 
3-in. rock draws 100 hp. (123 P 934). Lincoln (Bul. 11 UI No. 9) says that a No. 00 
Williams pulverizer at 2200 r.p.m. reduced Illinois bituminous coal to 3%-in. at the rate 
of 1.25 tons per hr. 

Ring pulverizer is a variation of the swing hammer machine in which alternate hammers 
are replaced by heavy rings of such diameter that the diameter of the circle described by 
their outer faces is the same as that described by the beater tips. 


22. Kent cracker 


This machine (Fig. 41) consists of a pair of toothed rolls fitted above with 
a set of reciprocating steel picks in a cross-head 
crank-driven from one of the roll shafts. These 
picks both crack large particles and force them 
down to be nipped by the rolls. The machine is 
suitable only for cracking soft material that comes 
in lumps too large to be nipped by ordinary toothed 
rolls. It is used for breaking chalk at BrngamIn 
Fre. 41 iKént cracker. Moore Co., Carteret, N. J. (116 J 415). 


Art, 25. DRY GRINDERS A487 


23. Jumbo mill 


The Jumbo mill (Fig. 42) consists of a shaft carrying hinged beater 
arms and revolving at high speed (400 to 800 
r.p.m.) in a closed cylinder. Feed is introduced 
at one end, material is carried forward by deflec- 
tion of the arms and the product is discharged at 
the other end. In another mill of the same general 
type, the beater arms are more closely spaced and 
arms carried on the cylinder walls project between 
them. The cylinder is split in half longitudinally, the lower half hinged 
to swing down and allow easy access for repairs. 


Fie. 42.—Jumbo mill. 


24. Cyclone mill 


This machine (Fig. 43) has two heavy (1000-Ib.) 2- to 4-armed propeller- 
shaped beaters (a) revolving at high speed (2000 to 
2200 r.p.m.) in a closed chamber. The direction of 
rotation of the two beaters may be the same or oppo- 
site; the latter gives the greater disintegrating effect. 
Feed enters on both sides at (c), directly over the 
beaters, and is discharged by suction from the top of 
the chamber. 


The machine has been used in asbestos work, but on account 

é : “4 of the great wear of propellers (lives as low as two days are 

‘ recorded) has been generally replaced by other machines. Frxrp 

Fig.43.—Cyclone mill. js —1-in. size. Capacrry ranges from 2.5 tons per hr. on hard 

asbestos rock to twice this figure on soft rock. In crushing soft 

rock from 2-in. to 0.25-in. the capacity may go up to 15 tons per hr. Power prart is 65 

hp. Overfeeding causes material to accumulate on the bottom of the machine and be 
over-crushed. Tramp iron does great damage. 

Torrey cyclone has a vertical ball-bearing shaft carrying two sets of vanes, one above 
the other, all suspended in a box-like chamber lined with manganese steel plates. The 
shaft is driven at 1000 to 2000 r.p.m. Material about 3-in. maximum size is fed onto a 
distributing plate at the top, falls onto the top impeller, is hurled against the liner plates, 
and broken. It then falls to the lower impeller, where it is further broken and then 
discharged. Tramp iron does not do much damage under ordinary circumstances. Hub- 
bard (123 P 934) states that 17 hp. will run a machine handling 12 to 15 tons per hr. of 
asbestos rock, 


25. Dry grinders 


In addition to ball and tube mills, there are a number of mills of the ring-roller type 
used in this service, particularly in grinding coal and cement clinker. (See 37 TAIEE 
1540.) The Funipr mitt has heavy steel balls which are pushed around at high speed on 
the inner periphery of a circular die ring. In the coarse grinder, finished product is fanned 
out through a sereen surrounding the upper part of the grinding chamber; in the fine 
grinder air classification is induced above the grinding chamber by connection with an 
external suction fan. The capacity with four or five 12- to 14-in. balls is 6 to 8 tons per hr. 
of coal or similar material from 14-in. to 95 per cent. —100-mesh, drawing 35 to 60 hp. at 
speeds of 90 to 130 r.p.m. In the Kenr mixx a vertical ring die revolves around 3 rollers 
that are held against it by powerful spring pressure. The crushing range is from — 1-in. to 
20-mesh. Power consumption is about 1 hp.-hr. per barrel on cement clinker, 3 to 5 hp.-hr. 
per ton on cement rock. The Bonnov Mitt is substantially a vertical-ring Huntington, 36-in. 
die ring, 75 hp. at 180 r.p.m., 4 to 5 tons per hr. from — 5-in. to 97 per cent. —100-mesh. 
The GrirFIn MILL resembles the Huntington in the placing of die and screens but has a 
single grinding roller with pendulum-like suspension. The RAayMOND MILL Is similar to the 
Huntington but with an air-classifying attachment for raising finished material out of the 
grinding zone. Capacity, according to Williamson is about one ton per hr. per roll from 
1Y%- or V-in. feed to 95 per cent. —100-mesh. Power consumption of a 2-roll mill is 45 to 50 
hp.; 3-roll, 55 to 60 hp ; 4-roll, 75 to 80 hp.; 5-roll, 85 to 90 hp. None of these mills is used 


in concentrating practice, 
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26. Operation of crushing machinery 


For maximum economy of power consumption machines must be kept 
up to full capacity without overloading. In closed-circuit work the return 
circuit should be carefully watched. Increase in tonnage of this circuit above 
normal will probably cause reduction in capacity. The usual causes 
of excessive circulating loads, depending on the flow-sheet, are: wear 
of crushing faces ora slacking off in their spacing, blinding of screens, 
reduction of rising current in hydraulic Bice ete and, in the case of 
cylinder mills, change in moisture content of mill or classifier pulp. Steady 
feed is necessary for the most economical operation of all crushers; 
it is absolutely essential for cylinder mills; on the other hand the difficulty 
of attainment may excuse the lack in the case of coarse crushers. Liners 
and replaceable crushing surfaces should be replaced before they are worn 
through. Neglect causes an increasing diminution in crushing efficiency 
and, Wecravated: may result in destruction of the machine structure itself, e.g., 
the head, shell, or trunnion of ball or tube mills; the main frame of jaw or 
gyratory crushers or rolls, etc. Lubrication is of immense importance, both 
from the point of view of power consumption and that of bearing wear. Dry- 
crushing machinery working, necessarily, In a dusty atmosphere, should be 
provided with grit-proof bearings where possible and lubricated by a pressure 
system that forces lubricant out through any crevices through which grit 
might enter. Ueavily-loaded bearings, such as those of cylinder mills, require 
a lubricant that cannot be squeezed out and the discharge bearing particularly 
must be protected against splash and the working back of pulp from the dis- 
charge bell. The usual expedients are a discharge bell of goodly length and 
wide flare, which reduces splash and increases the distance from splash to 
bearing, provision of one or more drip rings between the edge of the discharge 
bell and the bearing, and some kind of cloth fabric rubbing against the out- 
side of the bell between the lip and the bearing to wipe off pulp. This wiper, 
however, rapidly becomes dirty and useless. 


27. Crushing efficiency 


Considerable work has been done in the attempt to find a means for 
determining the efficiency of crushing. True mechanical efficiency is not 
capable of determination because it is impossible, in the present state of 
knowledge, to measure the useful work done. Determination of relative 
efficiency is also highly elusive. One of the four methods described below 
is usually employed. 

Cost comparison. ‘This method consists in actual competitive tests 
of the machines that are to be compared, under operating conditions, keeping 
close records of tonnages crushed to the desired size, cost of operation, and, 
where advisable, of metallurgical results, from ck records, by suitable 
comparison, the merits of the competing machines can be determined. Costs 
should include, in addition to power, operating labor, supplies, maintenance 
and supervision, charges for interest, depreciation and amortization. Such 
comparison as this is expensive and is justified only in the largest plants. 
Even in such plants the method is difficult and uncertain, since the test 
installation is rarely run on as large a scale as the Anighed plant and the 


test runs are rarely of sufficient duration to allow the most economical opera- 
tion. 
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Tons crushed per horsepower-hour. This is the simplest of the purely 
physical methods of comparing crushing machines. It requires determina- 
tion of the tonnage, power consumption, and screen analysis of the material 
produced. If the feed to competing machines is of the same character in 
all respects, and if the size of the product is unimportant except for the one 
requirement that it shall all pass a given limiting screen, and if maintenance 
and capital charges can be neglected, this method is satisfactory. But if 
the amounts of material in the different sizes below the limiting size are impor- 
tant, the method does not necessarily give a correct measure of the compar- 
ative performances of the crushers. It may be modified by calculating the 
average size of product from the screen analysis-and stating performance in 
tons of a given average size produced per horsepower-hour, but in this case 
it is usually necessary to stipulate in addition that all material has passed the 
limiting screen, and the final figures that are reached are incapable of accurate 
comparison because of the fact that average size is not a definitely signifi- 
cant quantity (see Sec. 22, Art. 5) and that the average sizes of the products 
as estimated will probably be different. Thus if two competing crushers break 
a given feed through, say, a l-mm. screen, and the first produces 5 tons per 
hp.-hr. of material having an average size of 0.5 mm., while the other produces 
4.5 tons per hp.-hr. of material of 0.3-mm. average size, no conclusion as to 
relative efficiency of the crushers by this method is possible. If concentra- 
tion showed that both products were equally amenable to treatment, a 
conclusion could be reached on the basis of costs. If the crushers that are 
being compared are not fitted to take the same size of feed or to make a prod- 
uct that will pass the same limiting screen, then, clearly, no such comparison 
as that described in this paragraph is possible. 

Relative mechanical efficiency implies a rating for crushing machines 
similar to that employed for rating prime movers. Such rating involves the 
ratio of useful work done to energy expended. Unfortunately, as has been 
stated above, it is impossible to determine the amount of work usefully 
expended in crushing. Work expended in overcoming friction and inertia of 
the machine parts, in rubbing between particles and between particles and 
crushing surfaces, in producing deformation without breaking, and in making 
noise and generating electricity in the crusher is not useful, as the word is used 
in discussion of efficiency. An indication of useful work can, however, be 
reached by measuring the reduction in size of particles in the crushing opera- 
tion and attributing thereto, in arbitrary units, certain energy values. When 
this is done, a statement of relative efficiency can be made as follows: 
E=WT/P. Where £ is the relative mechanical efficiency, W is the number 
of units of size reduction per unit weight of material crushed, T is the number 
of units of weight of material crushed per unit of time, and P is the number 
of units of power used, ; ‘ 

Opinion is divided as to the method to be employed in assessing the 
equivalence of useful work and size reduction. Two methods have been 
proposed. These are named respectively Ixick and Rittimger from their 
proponents. . : 

Kick’s law states: ‘“‘ The energy required for producing analogous changes 
of configuration of geometrically similar bodies of equal technological state 
varies as the volumes or weights of these bodies,’’ Stadler (29 IMM 471) 
has worked out a method of applying this law to rock crushing and has devel- 
oped ORDINAL NUMBERS, corresponding to different sizes of crushed material, 
that, accepting the law, are proportional to the amount of useful work done 
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to produce the given size from a certain unit size. Stadler’s reasoning is 
summarized in the following quotations from his article. 


“ The area of fracture over which the cohesion of the molecules has to be destroyed, 
multiplied by a coefficient determining the resistance which the molecules oppose to their 
separation by the exercise of any stress (crushing, tensile, shearing, etc.) represents the 
force required to cause the fracture. 

“In order to perform mechanical work, this force has to run through a distance, repre- 
sented by the deformation which the body can stand before reaching the breaking point. 
It is in this connection immaterial that this distance of deformation within the limits of 
elasticity and plasticity is, for not perfectly homogeneous bodies, subject to variations, 
which for highly elastic and unplastic bodies as quartz, glass, etc., are too insignificant 
to be considered, and in addition they are, by the nature of our crushing appliances aver- 
aged to such an extent, that these averages are as good as exactly defined figures. Dealing 
with relative values only, we have not even to care about the exact extent of this deforma- 
tion, and all that we need is, .o be satisfied that this factor is a constant function of the 
diameter of the particles to be crushed. 

“The mechanical work done is represented by the product of the force by the distance, 
but as in a regular scale of reduction by volume the diameters of the particles decrease at 
the same ratio as the area of f-acture increases, the product, or the mechanical work for 
reducing the volume (or weight) of the unit from one grade to the next following, 7s a con- 
stant for each grade, called the crushing or ENERGY UNIT (EU). 

“The volumes of the particles decrease from grade to grade in the same ratio as the 
number of the particles, constituting in their total the volume of the unit!y] increases, and 
the product of the volumes nto *he number of the particles of that grade is, therefore, con- 
stant for each grade. As in conformity to the above law, the amount of energy absorbed 
is proportional to the volume of the body to be crushed, it follows again also that the total 
energy required for reducing the weight of the unit is constant for each grade. 

“The ORDINAL NUMBERS of duy arithmetical progression given to these grades represent 
consequently the relative values of the energy which has to be spent upon producing this 
respective grade from the initial unit, or the mechanical value of the grade. 

“For obtaining the mechanical value of mixed sands, we need only to multiply the 
percentages of the gradings by the number of the energy units of the respective grade and 
add the products. 

“The useful work done per unit by any crushing machine is determined by the differ- 
ence between the mechanical values of the samples taken at the inlet and the discharge 


of the machine, and for obtaining the total work done this difference has to be multiplied by 
the tonnage dealt with.’’ 


Stadler’s formulas for determining ordinal numbers and various other 
factors regarding crushed material are presented in Table 97 (48 A 153). If 
the screens used in making the sizing test vary in aperture from screen to 
screen by a constant multiplier, the ordinal numbers will be whole numbers 
in an arithmetical progression. Numerical values of the quantities in Table 
97 for Tyler standard screen-scale sieves are given in Table 98. 


The following is an example of the application of Stadler’s method to a 
crushing problem. 


Example. A 4.5-ft. X 16-in. conical ball mill fed with quartzite having the screen test 
shown in column 2, Table 99, breaks to the size shown in column 3 at the rate of 36 tons 
per 24 hours with a consumption of 18.5 hp. Total energy units of feed = 487.82 (column 


5) and of product = 1376.66 (column 6). The relative work done per unit weight of feed 
equals 1376.66 — 487.82 = 888.84. 


888.84 36 


STI ee 

Rittinger’s law states that the work required to produce material of a 
given size from a larger size is proportional to the new surface produced. 
Richards (7B) develops the application as follows: The number of planes 
of fracture necessary to break a cube whose edge is one unit in length into 
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Table 98. Crushed-rock constants for Tyler standard screen-scale sieves 
Apertures, S Volumes, V Area of fracture, F 
| Number of Ordinal 
y Ne pieces, P numbers 
In. Mm. Cu. in. Cu. mm. Sq. in. | Sq. mm. 
1.050 26.67 |1.158 19,000 (0) 0 0 0 
0.742 18.85 |0.409. 6,700 ilsy/ 884 2.84 1 
0.525 13.33 |0.145 2,370 3.30 2,130 8.00 74 
0.371 9.423 10.0511 837 6.03 3,890 22.4 3 
0.263 6.680 |0.0182 298 9.89 6,380 63.6 4 
0.185 4.699 |0.00633 104 15.5 9,970 183 5 
0.1381 3.327 |0.00225 36.8 23.2 15,000 515 6 
0.093 2.362 |0.00080 13.2 34.0 22,000 1,440 7 
0.065 1.651 |5.00027 4.50 50.1 32,300 4,220 8 
0.046 1.168 |0.000097 1.59 72.2 46,600 11,900 9 
0.0328 | 0.833 ]0.000085 0.578 103 66,200 32,800 10 
0.0232 | 0.589 |0.000012 0.204 146 . 94,400 92,700 11 
0.0164 | 0.417 |}0.0000044 0.0725 208 134,000 262,000 12 
0.0116 | 0.295 |0.0000016 0.0257 296 191,000 742,000 13 
0.0082 | 0.208 |0.00000055 0.0090 420 271,000 2,110,000 14 
0.0058 | 0.147 |0.00000020 0.0032 595 384,000 5,930,000 15 
0.0041 | 0.104 |0.000000069 0.0011 844 544,000 | 16,800,000 16 
0.0029 | 0.074 |0.000000024 0.0004 | 1190 770,000 | 47,500,000 17 
0.0014a| 0.037 |0.0000000027 0.00005} 2480 1,598,000 | 380,000,000 19 
a Assumed as average size of material through last screen. 
Table 99. Application of Stadler’s ordinal numbers to a crushing test 
1 z 3 4 5a 6b 
| | 
Sanson Percentage on screen \ | Energy units 
aperture, j < Ordinal 
min. | number 
Peed Product Feed Product 
37.70 DAGON (Mote tad he bess =i S066) re | ee 
26.67 5 Ol pet cake tease: 0 0000 Bs. ice ee 
18.85 Re Og Pitt ot ats 3 1 Teese | is eee 
13.30 DD SOO Sa malls Saereeehe 2 4400 ’ ae Siena 
9.423 11.18 0.02 3 33.54 0.06 
6.680 7.46 0.02 4 29.84 0.08 
4.699 Hiab ccd pale Sine ome 5 27 45 0.00 
3.327 3.62 0.29 6 21.72 1.74 
2.362 2.97 0.83 7 20.79 5 81 
1.651 3.30 2.45 8 26.40 19 60 
1.168 2.94 4.34 9 26.46 39.06 
0.833 3.18 6.92 10 31.80 69.20 
0.589 305 12237 11 39.05 136.07 
0.417 Di 10.15 12 28.44 121 80 
0.295 2.48 12.40 13 32.24 161.20 
0.208 1.85 10.55 14 25.90 147.70 
0.147 1.72 10.88 15 25.80 163.20 
0.104 1.25 8.48 16 20.05 135.68 
0.074 0.70 5.12 17 11.90 87.04 
Through 0.074 1.41 15.18 19 26.79 288 .42 
Totals 100.00 LOO! OO seat anton. ten eee 487 .82 1376.66 


a Column (5) = Column (2) times column (4). 


column (4). 


6 Column (6) = column (3) times 
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n® smaller cubes with edges 1/n units in length 
is 3 (n—1). See Fig. 44. The area of each- 
such fracture plane is one. If the work done 
to produce fracture along one such plane is B, 
then the total work done in the subdivision in- 
dicated is 8B(n—1). Generalizing, if D is the 
edge of the original cube and d that of the 
resulting cubes, n becomes D/d; the area of Frio, 44.—Theoretical breakage 
each fracture plane is D2, and the formula for of a cube. 

work done becomes 


[W = spp: (2 ~ 1). 


The number of cubes D inches on an edge contained in a 1I-inch cube is 1/D# 
and the work per cubic inch for breaking cubes of any size D to cubes of any 
smaller size d is 


wn 2 i (2 a 
W = 5, -3BD*(— —1) =3B(>—>5). 


When, as is the case in rock crushing, the particles are irregular in shape, a 
multiplier K must be used, representing the ratio between the surface of a 
mass of ore consisting of particles that will pass a given rectangular opening 
and the same mass existing in such theoretical cubes as will just pass the 
same opening. The formula then becomes 


w = 3KB(’ =) 
fre Coa 


Richards states that K varies from 4 to ¥%. He also gives the following 
method for determining B in any particular case. 


Example. Let S = sp. er. of rock. Then 55320/S is the number of cubic inches of 
rock of sp. gr. S in a ton. 


_ £5220 5 cn (21) such pert 
i ere oD lb. per ton 
0.08382 ss il ) hoch : 
= 3 q D p.-hr. per ton. 


If now, by experiment, the number of hp.-hr. per ton expended in crushing the ore in question 
from an average diameter D to an average diameter d is determined and substituted for W 
in the last equation, and proper values for K and S are likewise introduced, the value of 
B for the given ore may be obtained. 


It is to be noted that the figure substituted by Richards for W is not the 
useful work done, but includes also the work done in overcoming friction. 
B, therefore, as thus determined, applies only to the particular experiment. 

Del Mar (94 J 1129) gives the following statement of Rittinger’s law: 
“The work required to crush rock is very nearly proportional to the reciprocals 
of the diameters crushed to.” He applies this law to a crushing problem as 


follows: 


Example 1. Comparison of efficiency of two mills. Mill No. 1 crushes 2.5 tons per 
hp.-hr. and mill No. 2, 3.0 tons per hp.-hr. Sizing tests of feed and product and energy 
calculations are given in Table 100. The surface produced per unit weight of material 
by mill No. 1 is 21,111 minus 16,012 or 5099 units; similarly by mill No. 2, 3737 units. 
The units of reduction produced per hp.-hr. by mill No. 1 equals 5099 times 2.5 or 12,747.5; 
by mill No. 2, 11,211. Mill No. 1 is, therefore, more efficient by 13.7 per cent., based on 
the performance of mill No. 2, 
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Art. 27. CRUSHING-SURFACE DIAGRAM AQ5 


Example 2. Comparison of efficiencies through various screens. If it is desired to know 
which of the mills compared in the preceding example is most efficient in crushing through 
a given screen, with no weight given to the character of material passing the screen in 
question, the method of calculation is shown in Table 101. Column (J) in the table is 
obtained by multiplying the differences between the corresponding numbers in columns 
(e) and (g) by 2.5, the tonnage crushed per hp.-hr. Similarly column (m) is obtained by 
multiplying the differences between columns (i) and (k) by 3.0. The table indicates that 
in crushing through 20-mesh, 40-mesh and 60-mesh, mill No. 2 is the more efficient; crush- 
ing through finer meshes, mill No. 1 is better. 


Gates’ crushing-surface diagram. In presenting a graphical method of 
comparing crushing efficiencies according to Rittinger’s law, Gates (95 J 1039) 
says: 


“, . the energy absorbed by a lot of given sized particles is proportional to the product 
of their surface by their weight, which can 
be shown graphically by an area. And 
if we have a series of these areas, placed 
side by side, and representing the summa- 
tion of the energies of the different sizes 
produced by a crushing operation, the total 
area is proportional to the energy expended 
on the rock. And when the cumulative 
weights of the different sizes are plotted 
consecutively, as in Fig. 45, the area be- 
tween the sizing-analysis curve and the 
zero lines is proportional to the work ex- 
pended on the rock in breaking it down 
from the infinite mass. And then as fur- 
ther crushing takes place on all or part of ; ‘ 
thial¥ock man che ito sihiatnahaly iis is Fic. 45.—Crushing-surface diagram (after 
plotted, the area between the two curves Gates), 
is proportional to the further work done. 

This is the crushing-surface diagram.”’ 
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In another article (97 J 795) Gates introduces a method for applying the 
crushing-surface diagram to a determination of crushing efficiencies. Ilo 
defines a MBSH-GRAM as a surface unit 


“ produced by a theoretical crushing operation in which one gram of particles: of the same 
diameter is all reduced to a diameter whose reciprocal is one greater than before reduction.’”’ 


Thus one gram of particles 0.1-in. diameter (reciprocal, 10), if crushed. to 
particles 0.05-in diameter (reciprocal, 20), would result in the production of 
10 mesh-grams of new surface. If the quantity so crushed were 1 ton, the 
new surface produced would be 10 mesh-tons. If, now, sizing analyses of 
the feed and product of a crushing operation are plotted with cumulative 
percentages as ordinates and reciprocals of diameters as abscissas (see Fig. 
45) and the area between the feed and product curves is measured, this area, 
in terms of the scales used, will represent a certain number of MESH-PER CENT. 
of new surface produced, equal to 100 times the change in average size ex- 
pressed in THEORETICAL MESH (= reciprocal of diameter). This figure mul- 
tiplied by the tons crushed per horsepower-day gives MESH-TONS PER HORSE- 
POWER-DAY. 

Example. Fig. 46 is plotted from data given in Table 102. The area between curves 
Hy and H; and the ordinate 333 is 95.7 unit squares on the diagram and that between the 
same ordinate and curves Cy, and Cy is 78.3 unit squares. Each unit square represents 
200 mesh-per cent. Hence the new surface exposed by the Chilean-mill crushing is 15,660 
mesh-per cent. and that by conical mill crushing, 19,140 mesh-per cent. The Chilean 
mill crushed 2.25 tons per hp.-day and the conical mill, 2.50. Multiplying 15,660 by 
2.25 and 19,140 by 2.50, dividing in each case, also, by 100 to eliminate percentage, gives 
392 mesh-tons per hp.-day as the performance of the Chilean mill, compared with 478 mesh- 
tons per hp.-day for the conical mill. 
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Table 102. Comparative screen analyses of conical pebble mills and Chilean mills 
at Miami Copper Co. (47 A 50) 


Cumulative per cent. through 
Reciprocal , ; ; : 
Mesh of aperture Conical pebble mill Chilean mills 

Feed Product Feed Product 

4 4.9 87.1 100.0 86.1 100.0 
10 13.3 39.8 100.0 38.6 100.0 
20 29.4 13.0 99.8 fond 97.7 
30 50.5 8.0 96.6 10.5 85.9 
40 f 66.7 722 91.7 9.6 79.2 
60 115 6.4 76.9 8.6 67.8 
80 147 6.0 66.5 8.1 61.1 
100 182 527 57.9 wee 55.7 
150 272.5 5.4 49.9 6.2 49.4 
200 333 4.9 40.9 6.5 42.2 


Kick vs. Rittinger. Controversy has raged for several years as to the 
correctness of the volume or surface method in estimating the useful work 
done in crushing. Details of 


100 RS the arguments may be had 
0 IN | [| | || by reading the papers pre- 
ee Yj, | a viously cited in this article 
ares 3 and the citations in this para- 
= % s graph. Convincing experi- 
3 =|| mental data are lacking. The 
5 x ZS | advocates of Rittinger’s law 
7 YW Wy, in no place show that they 
0 YYAG WY consider the factor of dis- 


tance in the equation ‘‘work 


° 5 2040 60 010 150 © 20080 0380 = Ihe Force applied multiplied 
Reciprocal diameters (Theoretical mesh per inch.) by the distance through which 


Fic. 46.—Application of Gates method to the —_¢¢ acts,” and the printed argu- 


data in Table 102. ment apparently neglects 

this essential element. Advo- 

cates of Kick’s law must admit that the relation ‘‘work done is proportional 
to the volume ratio of the particles in the feed and product”? can only be true if 
the rock breaks at or near the elastic limit, and that the further from the 
elastic limit fracture occurs, the weaker becomes the theoretical foundation 
for the methods based on Kick’s law. But in any case, up to the elastic 
limit, Kick’s law is in accord with accepted physical conceptions, and its 
weakness beyond the elastic limit in no way strengthens the position of the 
Rittinger advocates. The methods based on Rittinger’s law eredit the 
crusher with a much greater amount of useful work in producing very fine 
material than do those based on Kick, and, therefore, show higher efficiencies 
for fine crushing. Bell (67 A 133) presents the experimental data and cal- 
culations summarized in Table 103 to show that a gyratory crusher breaking 
from 3.5-in. to 1.0-in. and rolls breaking from 0.07-in. to 0.04-in. are working 
with substantially equal efficiency, according to the Rittinger method of cal- 
culation, while according to the Kick method the efficiencies are 710 and 52 
respectively. He argues from this that because the Rittinger method indi- 


Art? 27. METHODS OF COMPARISON 497 


cates that the amount of crushing done by a measured horsepower is the 
same whether the material being crushed is fine or coarse while the Kick 
method indicates more crushing per measured horsepower in breaking coarse 
material, the Rittinger method is correct and the Kick wrong. But the 
inefficiency of rolls crushing from 0.07-in. to 0.04-in. is notorious and the com- 


_ parative efficiencies indicated by the Kick figures are much the more reason- 


able. Haultain, who has probably done more experimental work on the 
subject than anyone else, summarizes his conclusions (69 A 183) as follows: 
The energy usefully employed, neglecting friction and inertia losses in the 
machinery, is absorbed principally as (1) energy of new surface produced, 
(2) heat attendant upon deformation without breaking, (3) heat resulting 
from friction between particles and between particles and crushing surfaces. 
Neither method measures this absorbed energy accurately; the mean of the 
two is probably more nearly correct than either for roll crushing; no simple 
formula is applicable to-all rocks and all methods of crushing. See also A. O. 


Table 103. Comparison of work of crushing calculated according to Stadler, Kick 
and Rittinger methods by Bell 


Work done per A.E.H.P.(a) 
per 24 hr. 
Diameter of Crusher 
Crusher feed, inches opening, 
inches Measured in | Measured in 
Stadler Rittinger 
E.U. (Kick) 8.U. 
Gay Latony. Aiacict. Se Kohsles eeicke sie 3.5 1.0 3 710 947 
Wodge, Haw s22- -cos79 “eso leek 1.20 0.5 520 1030 
Relies tet. ea Nah BS Pr a ees 0.50 0,24 286 1128 
ROM Srerareine che ate ate iy Ges (ead iors tenant re 0.29 0.17 138 1000 
FLOUR H AC OMet ise sn ty ens 0.18 0.04 68 1022 
Rollsterin seen tis. 2a7 2k 0.11 0,04 89 1187 
Vos scuacrt te maes walt ee pa 0,07 0,04 52 823 
1 


a Apparent effectiye horsepower. 


Gates (52 A 875). A.M, Gaudin (73 A 253) recommends using the ratio 
of the energy of the new surface produced to the energy input as a measure of 
efficiency, thus charging the machine with items (2) and (3) above, The 
difficulty with this method lies in evaluating the surface energy of the broken 
rock. Based on figures for surface energy of solid quartz (Fourth rep, on 
colloid chemistry, Brit. Assoc. Adv. Sci., p. 281), Gaudin’s figure for the 
efficiency of dry ball-milling from —0.5 +-0.065-in. to 98 per cent. —200-mesh 
is 0.6 per cent. Bureau of Mines investigators, using a falling ball as the 
crushing force and rate of solubility as a measure of new surface produced 
have found that the relation between the force applied and the new surface 
produced is linear. 

Choice of methods of comparison. When the operations to be compared 
are closely similar, both as to size of feed and size of product, it does not make 
any difference in the conclusion reached whether the Kick or Rittinger method 
is used. When, however, there is considerable difference in the character 
of the material entering and leaving the competing machines, the comparative 
efficiency of the finer crusher will be relatively higher by the Rittinger method. 
This will lead to the conclusion that economy will be gained in a crushing 
installation by putting more and more of the burden of crushing on the fine- 
crushing machines, a conclusion that is open to most serious question. 
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1. Introduction 


Definitions. Sizinc is the process of division of a mixture of grains of 
different sizes into groups or GRADES whose characteristic is that the par- 
ticles therein are more or less nearly of the same size, that all have passed 
an aperture of certain dimensions and failed to pass through some smaller 
aperture. The screen through which the particles have passed is called the 
LIMITING SCREEN; that which has retained them is sometimes called the 
RETAINING SCREEN. CLOSE SIZING is practiced when the limiting and retaining 
screens are of nearly the same aperture. A mass of particles is said to be a 
NATURAL PRODUCT when it has all passed a given limiting screen but has been 
subjected to no further treatment. Material that stays on a given screen is 
the OvERSIZE or PLUS (+) of that screen; that passing is the UNDERSIZE or 
Minus (—). A SIEVE SCALE is the list of apertures of successively smaller 
sereens in a step-sizing operation. The steve RATIO is the ratio of the aper- 
ture of a given screen in a given sieve scale to the aperture of the next finer 
screen. PERCENTAGE OF OPENING is the ratio of the combined area of the 
openings in a given area of screening surface to the total area of the surface. 
CLASSIFICATION is a process of approximate sizing in which a natural product 
is caused to settle through a fluid, usually water, but sometimes air, at rest 
or in motion. The settled products of a classifier are called sANDS or sprGoT 
PRODUCTS according to whether the classifier is of the mechanical or hydraulic 
type, the fine overflowing material is called OVERFLOW or sLimE. Sizing 
with classifiers is discussed in Section 6. 

Purposes of sizing: (a) to grade broken stone such as road metal, con- 
crete aggregate, rock powders, etc.; (6) to remove fine material from crusher 
feeds and thus save power and prevent over-grinding; (c) to perform a step 
in a concentration process, ¢e.g., to size before jigging (see Sec. 9, Art. 1). 

Principles. The fundamental elements in screening are the passage of 
undersize particles through the screen apertures and the rejection of oversize 
particles. In order to effect this choice, the particles must be brought to the 
openings and must be presented thereto at such a velocity and in such direc- 
tion that passage of the undersize will not be hindered or prevented by rebound 
from the edges or walls of the opening. If every particle of undersize could 
be brought to an opening individually, at substantially zero velocity, in a 
direction perpendicular to the plane of the opening and with the center of its 
least projected cross-section in the line of the center of the aperture, and if 


498 


_they are presented at considerably in excess of zero 
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the screening surface had zero thickness, there would be immediate passage 
of every such particle. But tonnage demands forbid individual and low- 
velocity presentation, while mechanical considerations prevent perpendicular 
presentation and the use of screening surfaces of gossamer thickness. Prac- 
tically, particles are crowded and continually interfering at the apertures, 


velocity, in a direction nearly parallel to the plane of 
the screen surface, with their maximum rather than 
their minimum projected surfaces parallel to the plane 
of the screen, and the screen opening has a depth fre- 
quently greater than the greatest dimension of the 
particle of undersize. Asa result many undersize par- 
ticles are prevented for a considerable time from access 
to an opening, others come to the opening from such a di- 
rection or with such orientation or at such velocity that 
they fail to enter, others entering are delayed in passage 
or Stopped by friction against the walls of the opening. 

Chance rules the approach of a particle to hole or imperforate surface and 
the probability that the lowermost point of the approaching particle will 
strike hole rather than screen fabric is proportional to the percentage of opening 
in the fabric. Chance coupled with the relative dimensions of particle and 
opening rules in determining the passage of a particle presented to an opening. 
The problem may be stated in mathematical form as follows: If, in Fig. 1, 
the full-line square whose side is / represents a square screen aperture and 
the circle a spherical particle whose diameter is 1/n (n being any number 
greater than J), then the probability of passage without touching the side 
of the aperture is proportional to the ratio of the area of the smaller square 


Se = 
4 ) and the probability that a grain 


will touch the side on presentation is (1 — P). On the assumption that if the 
center of the particle falls within the inner square in Fig. 1, the particle will 
surely pass, while if it falls 
without this square, it will 


sof P 

Probable chance per|Probable number of i ean: cane 
Size of grain, |1000 for unrestricted/apertures in path of| 1OF Gilerent values oO /n 
L/n-in. passage through J-in.| particle required to | are measures of the ease of 
square effect passage screening particles a L/n 


diameter through I-sized 


to the area of the larger, = P = 


Table 1. Probabilities in screening 


oe bad square apertures and 1/P 
0.1 810 2 gives the number of such 
0. 640 2 apertures side-by-side that 
ee oe : should be provided. The 
0.5 250 4 first part of the assump- 
0.6 140 a tion is true if ? is the area 
by Oo - ie of the opening projected on 
Ris 9.8 ine a plane at right angles 
0.95 2.0 500 to the path of the parti- 
0.99 0.1 10,000 cle; the second part must 
02929 D.609 TO Oe be modified in favor of 


ee : passage, because although 
a particle presented with its center in the space between the squares will 
rebound in a direction and through a horizontal distance dependent upon the 
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collected, weighed and subjected to analysis on a 3.327-mm. screen. This work 
is qualitative confirmation of the theory, modified, however, by the practical 
elements of crowding, particle velocity, etc., as previously enumerated. The 
column headed ‘Increment per sec., grams +3.327-mm.” holds the key to the 
operation from the point of view of screening rate. In the first three intervals 
the passage of even the smallest particles was interfered with by the mass of 


smaller material going through. By the time the fifth interval was reached 


most of the —3.327-mm. material had passed and by the end of this interval 
the bulk of the finer part of the +3.327-mm. material had also gone through. 
From that time there was a marked decrease in the rate of screening corre- 
sponding remarkably in order to the last four items in Table 1 and indicating 
that the material passing the screen in this part of the operation was of a 
size about 0.9-times the diameter of the screen opening and upwards. 

The important fact as regards capacity in close sizing is the proportion of 
undersize or oversize that is of nearly the same size as the aperture. Under- 
size much smaller than the screen openings passes through very rapidly, so 
rapidly in fact that, if it is given free access to the holes, it goes through almost 
like water, and no normal variation in the amount of such material has any 
effect on screen capacity. Likewise particles much coarser than the openings, 
when sliding over a screening surface, have such large interstitial spaces 
with comparison to undersize particles that the latter pass down freely to the 
screen surface. But when the proportion of particles of a size near that of 
the screen aperture is large, these particles, which have interstitial spaces that 
are relatively small, hold back the fine material from the screen; the par- 
ticles only slightly larger than the screen apertures wedge in and cause blind- 
ing, and those only slightly smaller than the aperture pass through with 
difficulty, therefore slowly. The result, as shown by Warner’s work and 
the above theoretical analysis is marked reduction in screen capacity. 

The velocity of approach of particles to the screen together with the 
direction of approach have a marked effect on screening rate. If a spherical 
particle is traveling at a given rate along a screening surface whose apertures 
are several times the diameter of the particle, as in Fig. 2(q), its path upon 


leaving the support of the screen fabric will be some- = 
what as illustrated and the particle will pass through. a2, ae 
With a smaller aperture the same particle will strike (a) 
the far edge of the opening. If the particle is perfectly ads 

ges 


spherical and elastic and the aperture has square edges 
and vertical sides, such particle, as pictured in Fig. 2(0), 
will also pass; but withirregular particles and withaper- yw) 
tures having rounded edges and converging sides there —esheemaSushic Sem ue 
is every reason to expect that a particle following the (c) 
path illustrated would fail to pass through. If the initial ee 
approach of the particle is from above and at an angle to oe 
the screen surface as illustrated at (/) in Fig. 2(c), the direction of approach and 
high velocity both aid in passing the particle, if it strikes an opening, but if it 
fails to do so, as at (2), then high velocity, by causing the particle to bound, 
will tend to defer its opportunity to pass and thus decrease screening rate. 
Since the percentage of opening in screens is usually less than 50, the evil 
effect of bounding may be expected to overbalance the good. 

When, as in all practical screening operations, a mass of particles many 
grains deep is presented to a screen surface, coarse and fine grains are likely 
to be mixed indiscriminately, with the result that many oversize particles are 


(6) 
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in contact with the screen and many undersize particles are supported in the 
mass above and away from the screen surface. If the particles are free to 
move among themselves, #.¢., if the material is not sticky, any subsequent 
movement of the mass will cause rearrangement of the particles. If the move- 
ment is sufficient to enliven the mass thoroughly without lifting it bodily 
from the screen, stratification occurs, with the finer particles at the bottom 
and the coarsest on top. Such stratification is essential to screening 
and is as much the purpose of the motion imparted to screening surfaces 
as are transport of oversize and prevention of blinding. Excessive move- 
ment, while it increases the ability of the screen to move material across its 
surface, defeats stratification and thereby decreases screen efficiency. 


2. Screening efficiency. 


Methods of reckoning screen efficiency are not uniformly established. 
The usual method is to express efficiency as the ratio of the weight of under- 
size obtained to the weight of undersize in the feed. This latter figure is 
determined by screening a feed sample on a hand screen of the same aperture 
as that of the screen under investigation, or by making a sizing test of the 
feed on the usual testing sieves, interpolating for the aperture of the 
operating screen and multiplying the percentage of undersize thus obtained 
by the tonnage treated. Weighing feed and undersize can be obviated 
by making screen analyses of representative samples of feed and oversize. 
The recovery formula (Sec. 22, Art. 15) then applies and_ efficiency 

100(e — v 
= # = 100 ( neh “Zi °) where e and v are percentages of undersize in feed 


and oversize respectively. On this basis of calculation, Wiard (14 CME 191) 
states that the average efficiency in commercial practice is about 60 per cent., 
that 75 per cent. is extremely good work and 90 per cent. about as high as 
can be reached by hand screening. Warner criticizes the use of this formula 
on the basis of the experimental work shown in Table 2. He argues, cor- 
rectly, that it does not take into consideration sufficiently the fact that 1-mm. 
material is readily passed through a 10-mm. screen while 9-mm. material 
passes the same screen with great difficulty, and suggests that the screen 
analysis of feed and of oversize concern itself only with the DIFFICULT GRAINS, 
which he defines for this purpose as those held on the next finer Tyler standard 
sieve-scale testing sieve whose aperture is less than 83 per cent. of the aper- 
ture of the sieve under investigation. He then applies the recovery formula 
in the form H = eo where I’, U, and O are percentages of difficult 
grains in feed, undersize and oversize respectively. 

In many places the practical efficiency of a screen is sufficiently measured 
by the percentage of undersize in the oversize. This is particularly the case 
when the screen is preparing feed for jigs, or returning oversize for re-grinding, 
or preparing for sale a product against which there are rigid specifications as 
to percentage of undersize. 

Efficiency is markedly decreased by high feed rate, especially if accom- 
panied by high percentages of oversize and difficult grains, because on a 
heavily loaded screen, fine material has difficulty in getting down to the 
screen surface and blinding is caused by wedging of particles into the screen 
openings on account of the weight of the bed. 

Screen cloth should be tightly stretched, because material piles up and forms 
thick layers in depressions. Dry ore screens better if warm (100-150° F.). 


SCREENING SURFACES 


3. Screening surfaces 


503 


| There are three varieties of screening surfaces: parallel rods, punched 
| plates, and woven-wire or silk cloth. The minimum clear space between the 


Wire-gage numbers and corresponding wire diameters in inches 


Table 3. 
Steel-wire 
gage or 
Number Washburn 
and Moen 
0000 .393 
000 . 362 
00 .331 
0 . 307 
1 - 283 
2 . 263 
3 .244 
4 By pA 
5 . 207 
6 .192 
7 -177 
8 .162 
9 .148 
10 an lst) 
ial «120 
12 -105 
ey -092 
14 .080 
15 .072 
16 .063 
17; 054 
18 O47 
19 041 
20 .035 
21 .0382 
22 028 
23 025 
24 .023 
25 .020 
26 .018 
27 .017 
28 016 
29 HOES 
30 .014 
31 0132 
32 0128 
33 0118 
34 0104 
35 .0095 
36 . 0090 
3f .0085 
38 . 0080 
39 0075 
40 .0070 
41 . 0066 
42 . 0062 
43 . 0060 
44 .0058 
45 .0055 
46 . 0052 
47 .0050 
48 .0048 
49 .0046 
50 . 0044 


pine tae American United 
= Stubs or Brown States or 
& Sharpe U.S. 
454 .460 - 40625 
425 . 40964 ries (2) 
.380 . 36480 34375 
340 32495 3125 
. 300 . 28930 28125 
. 284 . 25763 . 26562 
. 259 . 22942 25 
.238 20431 234375 
. 220 .18194 21875 
.203 . 16202 203125 
-180 . 14428 1875 
2165 . 12849 171875 
.148 11443 15625 
134 .10189 . 140625 
.120 09074 125 
.109 08081 109375 
.095 .07196 09375 
.083 . 06408 078125 
072 -05707 070312 
065 . 05082 0625 
058 04525 .05625 
.049 .04030 05 
.042 03589 .04375 
035 .03196 .0375 
.032 . 02846 . 034375 
.028 . 025347 -03125 
025 .022571 .028125 
.022 -0201 .025 
.020 .0179 .021875 
018 01594 .01875 
.016 .014195 .0171875 
014 .012641 .015625 
70138 -011257 .0140625 
-012 .010025 -0125 
.010 008928 .0109375 
. 009 .00795 .010156 
.008 .00708 009375 
. 007 0063 . 008593 
.005 00561 007812 
. 004 005 007081 
Bo seen, 2 Pe -00445 006640 
gee? = stan 7 008965 00625 
te Moses ON es. Ss 003531 eas othe, can 
So 003144 Bea OEE 


Old English 


Imperial or 
English 
standard 


.400 
.372 
3848 
324 
. 300 
.276 
. 252 
. 232 
.212 
.192 
.176 
.160 
.144 
.128 
.116 
104 
.092 
-080 
.072 


See. 5. 
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edges of the opening in a screening surface is called the APERTURE or SCREEN 
size. Aperture is expressed in several ways. The best way, undoubtedly, 
is to give the dimension in inches or millimeters; the commonest, particularly 
with woven screens, is to express it as so many MESH, meaning the number of 
openings in the screen per linear inch. This latter method is definite only 
when coupled with a statement of the size of wire, or when referred to one of 
the testing-sieve scales (Sec. 22, Art. 2). When size of wire is given it should 
be expressed in ordinary units of measure, 7.¢., inches or millimeters; if gage 
numbers are used the gage must be named, on account of the differences in 
dimensions corresponding to the same gage number in different gage scales. 
See Table 3. Given two of the quantities a = aperture, d = diameter of wire, 
and m = mesh, the percentage of opening, P, and the other quantity can be 
determined from the following relations: 


ae 1 Ne. ae 1 ; 1 
EE Gee er = 


The mesh of punched-plate screens does not mean the number of openings 
per linear inch of punched plate but rather that the aperture has a dimension 
near thet of some woven-wire screen of the given mesh. The equivalent 
woven-wire screen is usually a medium-weight screen. If the largest and 
smallest apertures corresponding to a given mesh in Table 4 are averaged, 
the result will be close to the punched-plate aperture called by that mesh. 
Certain districts, notably South Africa, express aperture as SQUARE MESH, 
z.e., the number of apertures per square inch, which is even less informing 
than the usual American terminology. NEEDLE MESH is a number used to 
designate an aperture and corresponds to that of a needle of the same or nearly 
the same diameter as the dimension of the opening. See Table 5. This is 


JE OF TO? 


Table 5. Needle mesh 


| 
Largest 
Needle diameter Equivalent screen 
number | _ of head, 
inch 
1 0.0735 10-mesh, 
2 0.0428 16-mesh; No. 3 slot. 
3 0.0395 16- to 18-mesh; No. 3 to No, 4 slot. E 
4 0.0355 20- to 24-mesh; No. 4 to No. 5 slot (nearer the last). 
5 0.0335 20- to 24-mesh; No. 4 to No. 5 slot (nearer the last). 
6 0.0300 24-mesh; No. 5 to No. 6 slot. 
if 0.0265 24- to 26-mesh; No. 6 to No. 7 slot. 
8 0.0230 26-mesh; No. 8 slot. 
9 0.0203 29-mesh; No, 9 slot, 


the acme of inconvenience, although actually more precise than mesh designa- 
tion. Table 4 gives dimensions of square-mesh steel-wire cloth corresponding 
to mesh designations and showing the possible range in aperture for a given 
mesh cloth of standard manufacture. Table 6 gives dimensions correspond- 
ing to wire-gauge numbers in column 7 of Table 4. To determine the aperture 
of intermediate screens within the ranges given in Table 4 proceed as follows: 
From Table 6 pick wire of a number included within the range of column 7 of 


Table 4. Substitute the corresponding diameter in the equation a = 1/m — d 
(see above). 
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Table 6. Diameter, weight per foot, and feet per pound, steel wire. 
Washburn and Moen gauge. (W. S. Tyler Co.) 


Number of wire Inch Millimeters Pounds per foot | Feet per pound 
0000 . 3938 10.00 .4136 2.418 
000 , 3625 9.2075 .3505 2.853 
00 .3310 8.407 , 2922 3.422 
0 - 3065 7.785 . 2506 3.991 
. 2830 7.188 . 2136 4.681 
2 . 2625 6.668 . 1838 5.441 
3 . 2437 6.190 . 1584 6.313 
4 52253. 5.723 , 1354 7.386 
5 . 2070 5.258 .1148 8.750 
6 . 1920 4.877 . 09832 LOA 
if L770 4.496 . 08356 11.97 
8 . 1620 4.115 .07000 14.29 
9 . 1483 3.767 . 05866 17.05 
10 . 1350 3.429 .04861 20.57 
11 . 1205 3.061 .03873 25.82 
12 .1055 2.680 . 02969 33.69 
13 .0915 2.324 - 02233 44.78 
14 . 0800 2.032 01707 58.58 
15 .0720 1.829 . 01383 72,32 
16 .0625 1.588 . 01042 95.98 
17 .0540 1-372 .007778 ; 128.60 
18 .0475 1.207 .006018 166.20 
19 .0410 1.041 . 004484 223.00 
20 .0348 . 8839 . 003230 309.60 
21 .0317 . 8052 .002680 373.10 
22 0286 . 7264 . 002182 458.4 
23 .0258 - 6553 .001775 563.3 
24 . 0230 - 5842 .001411 708.7 
25 ,0204 .5182 001110 900.9 
26 .0181 -4597 . 0008738 1,144 
27 .0173 .4394 . 0007983 1,253 
28 .0162 .4115 . 0007000 1,429 
29 .0150 .3810 . 0006001 1,666 
30 .0140 -3556 .0005228 1,913 
sil 0132 3353 | 0004647 2,152 
32 .0128 ,o20L . 0004370 2,288 
33 0118 . 2997 . 0003714 2,693 
34 .0104 -2642 . 0002885 3,466 
35 .0095 - 2413 . 0002407 4,154 
36 .0090 . 2286 . 0002160 4,629 
37 .0085 . 2159 .0001927 5,189 
38 . 0080 . 2032 . 0001707 5,858 
39 .0075 .1905 . 0001500 6,665 
40 .0070 .1778 . 0001307 7,652 
41 . 0066 . 1676 .0001162 8,607 
42 . 0062 575 .0001025 9,753 
43 . 0060 .1524 . 00009602 10,415 
44 .0058 . 1473 . 00008972 11,145 
45 .0055 .1397 . 00008068 12,394 
46 . 0052 71321 . 00007212 13,866 
47 . 0050 71270 . 00006668 14,997 
48 .0048 .1219 .00006145 16,273 
49 .0046 .1168 . 00005644 17,718 
50 . 0044 .1118 . 00005164 19,366 


Materials. Square-mesh wire screens of substantially the same meshes 
and apertures as listed in Table 4 are obtainable in brass, copper, bronze, 
nickel and Monel metal, although all of the heavier screens are special 
and very rarely made. The screening surface must be strong enough to carry 
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the load and it should resist, so far as possible, abrasion and corrosion. At 
the same time it should be cheap. When corrosion is not a factor screens 
are normally made of high-carbon steel and in certain cases of special alloy 
steels. Steel is stronger and resists abrasion better than any other material 
available. When corrosion must be resisted, iron, copper, bronze, Monel 
metal and other alloys are used. Such materials cost much more than steel 
initially, and are not so highly resistant to abrasion. Their use is justified 
only when the final cost, by reason of their greater resistance to corrosion, 
is less than that of steel screens. 

Punched plate was formerly used more widely than at present. It con- 
sists of metal plate symmetrically punched with apertures that will pass 
particles of the desired size and hold back all larger. Methods of arranging 
holes and various shapes of holes are shown in Fig. 3. Substantially any 
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(e) (ig 
Fic. 3.—Types of punched-plate screen. 


(g) (h)- 


desired length is obtainable (limited only by the maximum lengths of rolled 
plate). The usual widths are 3 to 4 ft. but 6-ft. widths can be had. Maximum 
thickness is limited to about 1 in. by difficulty in punching. Apertures in 
punched plate are circular in most coarse screens, the circular form being used 
because it is cheaper to punch than the square and yet has 90 per cent. as 
much clear opening for a given strength of screen. Due, however, to the 
fact that the effective area of circular openings is so small in fine 
screens (see Table 7), slotted openings are most commonly used in these 
screens. The product of a slotted screen is not so irregular as the shape of 
the slot would indicate for the reason that most ores break in more or less 
granular fashion and there are relatively few needle-like or platy particles to 
take advantage of the slotted hole. 

Very fine screens are so punched that the punch does not go completely 
through and remove a definite particle of metal but merely breaks or tears 
apart the plate, leaving a decided burr on the lower side. Holes in clear- 
punched plates diverge toward the die side. All punched-plate screens 
should be fed onto the side having the smaller opening in order to give a 
flaring passage that will tend to discharge freely all material that enters. 
Slotted screens are less easily clogged than square- or round-punched. Round 
holes retain smaller particles than square or slotted holes of the same clear 
aperture. 


Roesler (99 J 493) showed that a square aperture in wire cloth would pass particles of 
the same size as a circular aperture whose diameter was 1.23 times the edge of the square 
opening. 


_ The arrangement of round holes at the corners of equilateral triangles 
gives a greater percentage of opening than the arrangement with holes at ‘the 
corners of squares. For diagonal spacing P = 0.905d?2/(s + d)?; for square 
spacing P = 0.785d2/(s + d)*, where d = diameter of hole and s = least 
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width of clear metal between holes. With holes 14-diameter apart, diagonal 
spacing gives 40 per cent. discharge area against 35 per cent. for square 
spacing; with holes one diameter apart the corresponding percentages are 
22.5 and 20. 

Table 7 gives the essential data concerning the usual sizes of round-hole 
punched-plate screen. It is usually more economical to use thinner plate 
than that given in the table except on coarse sizes, since such plate offers less 
resistance to the passage of undersize grains. Table 8 gives sizes and weights 
of needle-slot screens. Table 9 gives the usual sizes of holes and spacing in 
oblong-hole punched plate. 


Table 8. Needle-slot screens (Harrington and King Perforating Co.) 


Width of slot Percentage of opening(a@) Usual plate 
Manu- 

pyeetoesy Mesh Diagonal) Straight |Hit-and- Thiek- | Weight, 
be aeangees In. Mm. | punch- | punch- mas Gage | ness, parte 

. . . , is 

ing ing (b) inch oq. 6 

vai! 2 0.058 1.47 45 Bor Nese s are 16 0.0625 2.55 

2 14 0.049 1.24 38 BO Miners ani eae 16 0.0625 2: 5a) 

3 16 0.042 OF 33 DEO Mack ote 18 0..05 2.04 

4 18 0.035, 0.89 35. SO ea ta hacen 18 0.05 2.04 

5 20 0.032 0.81 32 2 me Dll sess See a 18 0.05 2.04 

6 28 0.028 0.71 28 Se SNR SA 20 0..0375 1,53 

7 30 0.025 0.64 33 31 31 20 0.0375 1.53 

He RAR ere Soe ONO2251 O58 We ee ws ot, 28 20 0.0375 1.53 

8 35 0.022 0.56 29 205 Tlenwocnnctes 20 0.0375 1.53 

9 40 0.020 0.51 ae 24 25 22 0.0312 1.28 

10 50 0.018 0.46 24 22 23 23 0.028 palsy 

er eer 60 0.016 LUE eh Sete S| eee 20 23 0.028 Esk: 

tT 65 0.015 0.38 20 EO lias Genres 24 0.025 1.02 

EW. 5s 70 OR OPAEIN OST... ae. saline ee oss 23 24 0.025 1.02, 

age ee 75 ONOMNSE I OR SSetlttecieskes woeee se eae: 20 24 0.025 1.02 

12 80 0.. 012 0.30 16 14 19 26 0.0187 0.76 

a is 90 0.011 (0 157-Fe al Sty thee ea 17 26 0. 0187 0.76 

Rey Teer 100 0.010 OZ NAS te ee Me aes oe 16 26 0.0187 0.76 


a This is for usual punching. Other punching may be had on order. 6 Slots 142 in. 
long. 


Percentage of opening for hit-and-miss endways punching is 


eee rd? + 4d(l — d) | 
~ 4L(s + 4)@ + 0.866s — 0.1344) | 


where d = width of opening, s = spacing at sides and ends of slots and 
1 =length of slots. For straight punching and _ hit-and-miss sideways 
(Fig. 3(e) and 3(f) respectively) the formula is 


1 [rd® + 4a(t — @) 
pai [eee |. 


Advantages of punched-plate screens are stiffness, strength, freedom from blinding, and 
long life. Long life is gained, however, by making the plates thick and allowing the sereonis 
to wear until the metal between holes breaks. There is thus a large variation in Sine of 
opening between new and old screens and close sizing is sacrificed. Blinding increases as 
the holes become hopper-shaped through wear. Punched plate is heavy, hard to handle, 


\ 
I \ 4 « x ‘en 
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| Table 9, Oblong-punched plate screens 
‘Width of opening | Length of opening Spacing Percentage of opening 
4 eee ee ee ee 
2 - Straight, 
In. Mm In. Mm In Mm. | Hit-and-miss | yit-and-miss 
i" endways sideways 
K 3.18 % SAT 4 3.18 40.2 37.8 
w% 3.18 1 25.4 6 4.76 34.0 aay 1 
yy 3.18 1\% 31.8 \% 6.35 28.1 Diiee 
552 3.97 % 15.9 58 °3.97 39.9 38.9 
52 3.97 34 19.0 54 3.97 41.4 39.5 
2 3.97 1% 31.8 ee) 5.155 35.6 34.4 
se 4.76 He 11.1 % 3.18 45.6 42.1 
3416 4.76 34 19.0 346 4.76 39.8 37.6 
He 4.76 1 25,.4 346 4.76 42.0 40.2 
6 4.76 1% 38.2 Heo 4.76 44.4 43.1 
YY 6.35 X% 1 N74 \y 6.35 32.4 29.4 
Yy 6.35 al 25.4 YY 6.35 39.8 37.6 
YY 6.35 14% 31.8 A 6.35 41.7 39.8 
546 7.93 54% 15.9 346 4.76 47.0 43.0 
3% 9.52 1% 31.8 Ho 7.93 44.4 40.8 
34 9.52 2 50.8 Ho 7.93 47 i 45.3 
6 12% % 22.2 He 7.93 41.3 38.4 
% 12.7 il 25.4 A 6.35 Bley, 47.5 
Vy L207 1% 38.2 WA 6.35 56.2 53.0 
Neo 14.3 2 50.8 A 6.35 58.2 57.8 
4% 15.9 14% 31.8 6 7.93 51.8 47.8 
34 19.0 1% 38.2 % 9.52 51.6 47.5 
34 19.0 2 50.8 3% 9.52) 55.0 51.5 
K 22.2 1% 44.5 % 15.9 40.7 38.3 
1 25.4 2 50.8 % 9.52 62.1 57 2 
14% 31.8 2% 63.5 y 12:7 Oe 6304 
1% 35.0 234 70.0 VY 27 60.0 55.4 
1% 38.2 2% 63.5 % 15.9 54.0 49.2 
2 50.8 3% 88.9 34 19.0 Supp 52.5 
2% 63.5 3% 88.9 K% 22-2 55.9 50.1 
3 76.2 6 152.4 nT 25.4 62.3 57.5 


Table 10. Standard sizes of punched-plate screen used in coal dressing. (After 
Holbrook and Fraser) 
Diameter of Distance apart 
round holes, of centers, Size of oblong holes, inches Usual thickness of plate 
inches inches 

% % Se SI BOL SA a arta i sce wey fe No. 10 gage. 
% 34 %X1 to 4X11 to %x2....| No. 8 gage to %6 inch. 
% % FA Y4abor POS 2 ace iehsoamrw = 346 inch. 
34 1% VA NAG hovWNVonrs ath.douced 346 to 14 inch. 
% 1% TASC ISA te tae Anthemmnten nde sre 346 to 14 inch. 

1 1% LSA SoS kg a aeeaie ge co OP eee Se 346 to \4 inch. 

1% 1% 6 SOP 5 aR MN soa ON ic eR %6 to 14 inch. 

1% 1% MO Dae SL ITY) So Hie to ue imehr. 

1% 2% bAC2Yerhes BL ANIe FE Wiel. Bi 14 inch. 

13% 24 ie Adela gaen ier suerte Tareas awoke: & 144 inch 

2 25% Dy aaiver ny <loae erate NSE aE 14 inch 

2% Deena DON eRe sO EMLs Bieids L416) EE) 0) 1% inch 

2% 38% BUBBA LE WIS \4 inch 

3 3% SoG mast lee anaes: fiacs hE oe VY inch 

4 6 OS aS ot, 8 Re ater ...| 14 inch 

6 (otic maa ell rc ae A EE 3% to VY inch. 
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and if it is to be used on trommels (Art. 5) or other curved screening surfaces, must usually 
be rolled to the proper curve at the factory, making a bulky shipment. 


Punched plate is widely used for coarse screening, down to, say 0.5-in. 
aperture, and on certain machines such as coal shakers, the stamp battery, 
Chilean and Huntington mills, it is used for fine screening. The usual sizes 
and weights for coal-dressing are given in Table 10; plate for ore and rock 
screening is usually heavier on account of greater wear. Coarse screens for trom- 
mels are frequently made of cast manganese steel, usually with round holes. 


Such covering for a 48-in. X 14-ft. trommel at Tonopan BeLmont (52 A 110) weighed 
3776 lb., cost $572.30 (1915), lasted two years, and screened 300,000 tons. 

Comparison of slotted and round-hole punched plate. Handy (94 J 1123) reports 
comparative performances on trommels at the BuNKER HIvit AND SuLiivan mill. Table 11 


Table 11. Comparative sizing tests of oversize on slotted and round-hole punched 
plate. (After Handy) 


Sizing Oversize from 10-mm. | Oversize from 7-mm., 
sereen, round-hole screen, slotted hole, 
mm. weight, per cent. weight, per cent. 
10 84.2 87.4 
7 11.2 11.8 
5 4.1 0.8 
—5 OOF RE Ao * Mie ae te ee 


shows screen tests of oversize from the two types of covering on trommels taking the same 
feed. This shows that the 7~mm. slot lets through more undersize than a 10-mm. round 
hole, thereby working at higher efficiency both in production of —7-mm. material and in 
producing clean oversize. Table 12 shows that a round-hole plate of a given opening retains 


Table 12. Comparative performances of slotted and round-hole plate on trommels. 
(After Handy) 


Oversize of 7-mm. screens, Oversize of 3-mm. screens, 
rine soreha, Gon. weight, per cent. weight, per cent. 
Slotted Round-hole Slotted Round-hole 
“e 89.6 646° 0 AES Bites, Aas iain soa 
SRN aaa: Bectta Re tt irtet road bien es ean Real 97.7 89.2 
Through last screen 10.4 35.1 23 10.8 


3 to 4 times as much undersize as a slot-punched plate of the same opening. In all of these 
tests the slots were punched at right angles to the direction of the trommel axis and were of 
such length that the clear horizontal projection with the plate on a 20° slope was a circle 
The slotted screens blinded much less than the round-hole. 


Lip screen is shown in Fig. 3(e). It is a recently devised form of punched 
plate with slotted openings diverge in the direction of flow, the plate being 
bent downward near the lower end of each row of slots to form a drop in the 
general screen surface. The result is that particles that tend to wedge in the 
slots are pushed down to the bend and there readily freed. This type of sereen 
surface is increasing in popularity for coal screening. It is thought to cause 
less breakage and abrasion than any other type. 

Woven-wire screen is made with square and rectangular meshes. (See 
Vig. 4.) It is obtainable in any length and in widths up to 4 ft. Both warp 
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and filler wires are crimped to 
prevent distortion of the open- 
ings in service. |Woven-wire 
cloth with slot-shaped apertures 
is manufactured and widely used 
at the present time under such 
names as Ton-cap and Rux- 
TANG. Fine screening on trom- 
mels, shaking and vibrating 
screens, etc., is nearly all done 
through woven-wire screening 
surfaces and woven wire is also 
used in place of punched plate 


Fre. 4.—Double-crimped woven- 
wire screen cloth. 


for much coarse screening. Table 
4 gives the usual sizes and 
weights of square-mesh woven- 
wire screen and Table 13 gives 
sizes of one make of slotted 
mesh. ‘There is very little slot- 
mesh woven-wire screen used 
coarser than 0.75-in. and very 
little finer than 48-mesh. The 
heavier screens in each size are 
used for rock and ore screening, 
the intermediate and lighter 
weights for coal screening, and 
the lightest for organic or very 
light mineral products. A cover- 
ing of soft rubber tubing for the 
wires of coarse screens has been 
found at one or two plants to 
increase the life materially, 


Neares 


n 


6 


Partial list of Ton-cap screen (W. 8. Tyler Co.) 
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Table 13. 
Percentage 
of 
opening 


Extra heavy 


turer’s 
numbers 


Manufac- 


Mesh 
designa- 
tion( 6) 


2 
3 
4 
6 
8 
10 
14 , 
20 
28 
8 


Width of 
opening, 
inch(a) 


o1999099 
BSLLSeRe 
reoMNTAHO 


4-in. and four to seven times for openings less than 1é-in. 


1 
7 


s width for openings greater than 


c I o four time 
testing-sieve mesh; not actual openings per inch. 


a Length is two t 
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Percentage of opening. Table 14 shows comparative percentages of 
opening in different types of screening surfaces throughout the usual aperture 


Table 14. Comparison of percentages of opening in different screening surfaces 


Woven-wire screens Punched-plate screens 
Approxi- 
mate Square-mesh Slot-mesh Needle-slot 
apenhurey 5 Round-| Slot- 
inches 
ios ed Diagonal] Straight Hit-and- 
‘ Heavy | Light | a : 
Heavy | Light miss end- 
(©) (d) punch punch eis 

3 56. ae RET a eee 58 C2 alll icpete cares Bee een oy Sid 
2 44 S03) a Keene we | a 53 BB Ni ogee were nap Fo Ae Betas SPICE tn )5 
1 33 (OS |S aa A he 40 62 || aes ee nt gs | ied ers Phe 
0.75 30 70 58 71 40 1 UB Sooo cm oe ge eR rte 
0.50 28 68 55 66 40 BG el teeta Sa. | gees teste. 
0.25 28 53 44 58 40 40 oun one REE oll: 3s eee 
0.20 27 79 40 58 33 46 Meg trout lephoratep a 2 cll) unas Sean 
0.15 24 77 39 57 36 C's AN bs eae ee ES, 8, 
0.10 21 74 37 53 23 40: “ge Be eterna een to ote 
0.075 20 69 36 BOS Eick Ree | anos oe 2 es A sere ae i eS 
0.050 19 71 33 1S oe SR 2A en ee 38 29 ch aera 
0.025 17 53 27 BTS A keh Se oe oc were 2A 33 31 31 
0.020 14 47 27 45 Se. Cr 4 een 27 24 25 
0.015 24 40 27 2: srs} Cael Wet let ahha ee aac 20 NG watt, ate 
0.010 20 31 24 vet Pe oe ee gue atiay ae bs WR oar [RON 16 


a Hit-and-miss endways. 6 Diagonal spacing. c Not so heavy as the heavy square- 
mesh. d Not so light as the light square-mesh. 


ranges. In the 3-in. size there is little to choose between the several types of 
equal weight. From 2-in. to 0.5-in. inclusive there is considerable difference 
in favor of plate, as compared to square-mesh wire, the slot-punching giving 
the greatest opening, but in the 0.75-in. and 0.5-in. sizes the heavy slot-mesh 
has as much open space as the slot-punched plate. From 0.25-in. to 0.10-in. 
inclusive, slot-punched plate and heavy slot-mesh wire screen have sub- 
stantially equal and the greatest amount of opening, with round-punched plate 
intermediate and heavy square-mesh wire the least. In the finer sizes, for 
screens of equal weight, slot-mesh woven wire has the greatest opening, needle- 
slot plate is intermediate, and square-mesh wire screen has the least, except 
in the two finest sizes. Throughout the range of sizes slotted screens have 
a greater percentage of opening than square- or round-hole. 


Table 15 (40 MEW 595) shows the effect on screening capacity of difference in per- 
centage of opening in screens of the same aperture. This test was made with different 
screens on a 5-stamp battery, the drop of stamps and water flow being maintained constant 
in the three cases. 


Table 15. Effect of percentage of opening on screen capacity and product 


ICSE sera cat ere eee ere ee 24 30 40 
IApentures..0 isu, voce Seen 0.0176 0.0173 0.0178 
Percentage on 100-mesh, 

0.005-in. aperture........, 34.7 3653 40.2 


Tons crushed per 24 hr., by 
O-BUAINDS ears che oe 10.8 14.6 16.4 
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Cloth screens of silk are light, elastic, flat and have a relatively large 
percentage of opening but are expensive and fragile. They are used for very 
fine dry screening. Table 16 gives the usual sizes and numbers. 


Table 16, Apertures in Dufour’s bolting cloth (19 IMM 6500) 


Aperture 
Number Mesh a Per cent. opening 
In. Mm. 
0000 18 0.0478 1,21 74.0 
000 23 0.0342 0.87 61.9 
00 29 0.0282 0.72 66.4 
0 38 0.0204 0.52 60.1 
1 48 0.0159 0.40 58.2 
2 54 0.0131 0.33 50.0 
3 58 0.0124 0.315 61.7 
4 5 62 0.0116 0.295 GUE YS 
5 i 66 0.0107 0.272 49.9 
6 ) 74 0.0096 0.244 50.5 
a 82 0.0082 0.208 45.2 
8 86 0.0072 0.183 38.3 
9 97 0.0068 0.173 43.5 
10 109 0.0058 0.147 40.0 
11 116 0.0052 0.132 36.4 
lp 125 0.0049 0.124 36,0 
13 129 0.0045 0.114 3an7 
14 139 0.0039 0.099 29.4 
15 150 0.0036 0.092 29.2 
16 57, 0.0035 0.089 30.2 
17 1638 0.0031 0.079 25.5 
18 166 0.0028 0.071 21.6 
19 169 0.0029 0,074 24.0 
20 173 0.0030 0.076 26,9 
it 178 0.0027 0.069 23.4 
25 200 0.0026 0.066 27.0 


At American GRAPHITE Co. (120 P 569) it was found that for cleaning graphite-flotation 
concentrate on 100-mesh silk lasted much longer than wire. 


Size of the product of a screen is by no means equal to the nominal dimen- 
sion of the opening through which the product has passed. The maximum 
possible cubical particle that can be passed through a circular opening of diam- 
eter d has an edge 0.71d. Larger platy or rounded particles can pass. Roess- 
ler has shown that on several different kinds of materials the average maximum 
size of the particles passing a round hole is only 81 per cent. of those passing 
the same size of square hole. When a screen is tilted the effective aperture 
is reduced substantially to that of the horizontal projection of the inner edges 
of the actual aperture. The amount of reduction in effective aperture depends 
upon the amount of tilt and the thickness of the screen plate or cloth. 


Arthur Crowfoot (PC) states that at No. 6 Concentrator, Morpnci Brancu, PHELPS- 
Dover Corporation, a 0.280-in. aperture is used to produce a 0.185-in. product on Hum- 
mer screens set at 38° from the horizontal. Holbrook and Fraser (Bul. 234 USBM) state 
that 14-in. screen at 45° made a %-in. product. and that at 35° slope round-hole screens 
pass a product whose maximum-sized particles are about two-thirds the diameter of the 
hole. Referring to concentrating practice, they say that in one mill a 30-mesh wire cloth 
at 45° gave 50-mesh maximum undersize and that a 1-in. round-hole plate at 45° produced 
—-in. undersize. Under such circumstances, however, the undersize will contain TRAMB 
OVERSIZE, 7.€., occasional particles considerably larger than the average maximum, that 
work through because of some irregularity in the direction or velocity of presentation. 
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An apparent exception to the rule is presented by rectangular-mesh woven-wire screen 
which, if set with the long dimension of the aperture at right angles to the direction of slope, 
: presents substantially the full aperture to material flow- 

jt _ ing down slope. This is shown in Fig. 5. Bland (107 


=| —— 


J 1114) states that while 20-mesh cloth on some vibrat- 
ing screens delivers —40-mesh product, the screening 
is incomplete, difficult grains are not passed, and while 
the oversize from hand screening will be shown to con- 
tain 40-mesh grains the undersize will contain 20-mesh 
grains. He states further that an inclination of 35° will 
decrease the effective dimension of the opening less than 
10 per cent. rather than upwards of 18 per cent. as would 
be indicated by the geometrical solution. Table 17 is an 
Fic. 5.—Rectangular-mesh empirical table, showing the sizes of maximum particles 
wire cloth viewed from an that are to be expected in a product screened through 
acute angle. apertures of various diameters. In the smaller sizes par- 
' ticularly it is necessary to increase the screen apertures as 
much as 100 per cent., if the ore is damp and sticky, in order to pass the same maximum- 
size particles. 


Table 17. Relation between screen aperture and size of largest particle in product 
of various types of screens 


Size of aperture 
Size of Round Square 
particle, 
inches (a) 
Flat Steeply- Revolving Flat Steeply- Revolving 
surface sloping screen surface sloping screen vi 
surface b surface 

0.25 0.35 0.50 0.5 0.28 0.38 0.40 
0.375 0.55 0.75 0.75 0.45 0.57 0.60 
0.50 0.75 ) 0.88 0.62 0.75 0.75 
0.75 1.0 1.50 1.25 0.81 P22 af ks) 
1 5 2.0 1.88 itis 1.50 1.50 
1h )5) 1.75 2.50 2.25 1.40 2.0 PES: 
1.5 2.0 pany G5) 2.5 1.62 2.25 2.0 
L775 280 3.25 3.0 2.0 2.75 25 
2 2.75 3.75 3.5 2/25 3.0 te 
25) 315 4.75 4.0 2.88 Bia 65) 3.25 
3 An 25 5.50 5.0 Sas 4.5 4.0 
3.5 5.0 6.50 6.0 4.0 5.25 4.75 
4 bat ice W) ana 4.75 6.0 6.0 


a Intermediate dimension of roughly three-dimensional particles. 6 40° to 45°, 


TYPES OF SCREENS 


Screens are classified on the basis of their method of support as rrxEp and 
movina. Fixed screens are placed at any angle from 0° to 45° from the 
horizontal. When set at the smaller angles they are meant to retain the over- 
size for treatment such as sledging or hand-picking, and material must be 
worked over and through them manually. Fixed sereens are used for both 
coarse and fine screening, although usually in the former service. Moving 
screens are of many forms, but most of them may be placed in one of the four 
classes: shaking, vibrating, revolving, traveling-belt: Fixed sereens are 
almost invariably run dry; moving screens are run either wet or dry. Neither 
type will operate satisfactorily on damp material. 
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4. Grizzlies and fixed screens 


Fixed screens with the screening surface made 
grizzlies. 
and upwards). 
Fig. 6. The bars are usually held together by 
bolts at right angles to their length and are 
spaced the desired distance apart by means of 
thimbles or sleeves/on the bolts. The bolts 
should be spaced about 2 ft. with heavy, coarse 
ore, otherwise the bars will spread unless they 
are very stiff. The disadvantage of this type of 
screen is clogging due to the retarding effect of 
the cross pieces. 


of parallel rods are known as 


Their economical use is limited to coarse screening (aperture 2-in. 
A typical grizzly as sold by the supply houses is shown in 


Fie. 6.—Fixed grizzly. 


This disadvantage may be overcome by making the bars of 


greater depth and holding them in comb-like cross plates with one through- 


bolt near the head end to keep them in place. 


, 
Sou asteatenietaeniamsianstentenenasion 


Square nu nut on eT . ‘\ 


fe ‘dia.rod 3 ot 


———— 4 @3'=3 


err el plates 
3’ _G Ca a es aol PE >t x 4 


” 


on endo, 
inde g, 
y Dia rod 
3g long 


Distance pieces 
of Ip dia pipe 


22" 


a 


“>| Kd 3g” 


tet 


Fic. 7.—Tapered grizzly bars with depressed supports. 


Fig. 7 shows such an arrangement adopted by the Mramr Corrrr Co. 
Soft steel bars 1 X 5-in. are clipped to heavy 4 & 4-in. cross supporting 


is shown in lig. 8. 


Y'x2 Vy" Bolt—7 
94x83 Yo" Bolt—7 


3'x4"x 3 


1 ov Plan %'Angle clip 4" long 


J------ - 48 


Side 
Fic. 8.—Grizzly with depressed cross bars. 


% LDia, countersunk holes 


1% 33 ‘Steel bar, 4! ‘0’ long 
(Mzami Copper Co.) 


Another form 


angles with heavy angle clips. 
This method of construction 
brings the cross bars well 
below the path of most par- 
ticles and eliminates interfer- 
ence with the flow of particles. 
The particular grizzly’ shown 
was fed with maximum-size 
lumps weighing from 100 to 
150 lb. and falling approxi- 
mately 2 ft., yet the bars are 
said to have been capable of 
wearing to 2 in. in height be- 
fore it was necessary to re- 
place them. (98 J 1045.) Bars 
that taper along the run as 
shown in Fig. 7 tend to pre- 
vent clogging. Fig. 9 shows 
such a bar used by Ouro Cop- 
PER Co, (99 J 749.). At Hoi- 
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LINGER Mines (Bul. 119 CMI 341) the bars are flared from 3.5-in. to 7.5-in. opening in a 
length of 8.5 ft. 

Grizzly bars are made of wood, with or without metal protection, and of 
cast iron and steel. Various shapes are shown in Fig. 10. Other things being 
equal, the form of bar that 
gives minimum contact with 
the sliding material is best. 
The aperture of the standard 
s taper-bar grizzly (Fig. 6) is 

, favorable to screening, be- 
Z cause the flare tends to pass 
Resa ! | everything that gets through 
fe AB ape Bf > - 3-18-18] the upper surface. The 
aperture changes as the bars 
wear, but as close sizing is 
not the aim in grizzly screening this fact is not so important as that when worn 
bars fail a considerable percentage of the weight of the new bar must be dis- 
carded. The diamond-headed form (Fig. 10, f) has the advantage of long wear 
with but little change in aperture or strength. A bar of this type with replace- 
able angle-shaped liners is probably the most economical form. At stamp 
mills, discarded stamp stems are commonly used. Around many mines old 
rails are made to serve. Normally these rails are merely sawed to length and 
set into the grizzly frames. 


Fic. 9.—Tapered grizzly bar, Onto Coprmr Co. 


(of) 


Fia. 10.—Grizzly bars. 


At the Hzcia Min», Burke, Idaho (106 J 24), the flanges were cut from 85-lb. rails by 
means of an oxy-acetylene flame, leaving three wings 6 in. long and the full width of the rail 
flange, one at each end and one at the middle. These were bored and used for bolting the 
bars in place. 

The use of such substitutes is, at best, a makeshift. They need more frequent renewal 
than the regular bars because they are made of milder steel, and the shape of the aperture 
is not ordinarily so favorable for screening. 

Where the largest lumps in the feed are very much larger than the final size it is desired 
to pass through the grizzly, the arrangement employed in the Quincy rock house (100 J 103) 
is useful. Skips dumped onto plates and the rock passed thence first over a short grizzly 
with 3-in. openings, then over a grizzly (in the same plane) with 6-in. round bars spaced 20-in. 
centers for taking out the largest lumps of feed. These passed toa drop hammer. The 
oversize of the 3-in. grizzly passed to the crushers and undersize to the stamp-rock bins. 
It was probably necessary to help some large lumps across the coarse grizzly, which was 
long (12 ft.) and set at 16° slope. 


When heavy loads are to be dumped directly onto a grizzly, strength is 
an important factor in design. 


At the Arthur mill of Uran Copprr Co. (118 P 469) 50 to 80-ton cars are dumped by a 
revolving car-dumper directly onto a grizzly set at 35°. The bars are made of 12-in. @ 
28.5-Ib. I-beams, 32 ft. long, capped with special manganese-steel castings, set with 5-in. 
clear opening at the upper end and 6-in. at the lower. At Auaska GasTinpaAu (63 A 493) 
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10-ton cars were dumped four-at-a-time onto plates and thence passed over a 10-in. grizzly 


made of 8-in. I-beams with manganese-steel shoes. After 6,000,000 tons had passed over 
this grizzly some of the bars had to be replaced on account of bending but the shoes were 
still serviceable. 


Slope of grizzly depends upon its purpose. A flat grizzly is used on 
top of ore bins fed by skips or cars in order to catch and hold lumps that are 
too large to pass the bin gates or enter the crusher until they can be sledged 
to proper size, as determined by the spacing of the grizzly bars. Grizzlies 
in the feed chute to primary crushers are set at such a slope that material will 
just slide over them (+:30°) or will just not slide (+25°) so that the movement 
over them is readily controlled by the crusher tender, allowing him to remove 
waste of all kinds from the mill feed. To insure free movement of material, 
the slope should be from 35° to 45° or as high as 50° for sticky ores. A lower 
slope is used when material is delivered with an initial velocity in the direction 
of the slope. 


Holbrook and Fraser (Bul. 234 USBM) have collected the following data on sliding 
angles that bears on the question of slope. Egg-size anthracite (2546 to 314-in.) will just 


Table 18. Sliding angles of various substances on bright steel. (After Holtrook 
and Fraser) 
is | 
Angle on 
: which 
Material ere 5 material Slopes used in 
friction) continued to practice 
run (kinetic 
friction) 

Pennsylvania anthracite: 

WER SEIOL. < Fae ide wy PEs + ple hho op 15° 40° 14° 00’ 14° to 16° 

NESE CU BILE camo Age siren, ois Sale <2 | 16° 40’ L5o a 107 18° to 20° 
Southern Illinois coal: 

GSN Ogee ae nn a oe DAS. E50)! 20° 40’ 22°°3 chutes. 

MIA SOL IA Oreos ai ce aeeeae ny meen lati Peat vec oss, <.a| ea aes ee ASLe 30° to 35° 

PAC KA Oeste hier oe stes agctns be  eaeons 25° 40’ 22° 30 30° to 45° 
Oklahoma screenings................ 24° 00’ Zee 80 30° to 45° 

Chestnut size (McAlester seam).... 21°. —00’ 19° 4.005 wht sonia Gb delight 
East Kentucky egg, 4X6 inches...... FAN NS 0 20° <207 26° 28’ bars. 
BitniwmIBous SuaAles oth. os vis won oS whe PH a OZ 2024: 00% alay seit thee Pree i aie: 
Limestone-gangue ores.............. 19° 40’ 730" 
Sandstone-gangue ores.............- 222s 30. 19° 40’ 30° to 40° for steel 
Hematite (Lake iron ore)............ 22° Ay’ 20° 40’ 45° for wood. 
Wigsouritghlena., esate: . ocie.n< Peete 19° 20° Lilt 320° | 


slide uniformly on glass at 214 in. per ft., manganese bronze at 25% in., mild steel at 3 in. 
and cast iron at 34% in. perft. (16° 15’). Slopes for anthracite are less than for bituminous 
coal and ores require more slope than 
either. Dry quartzite ran well on steel 
plate at 35°. Steel-lined chutes for Lake 


Table 19. Slopes commonly used for grizzlics 
and steel-lined chutes in coal dressing. 


Superior copper ores are commonly 26° to 


(After Holbrook and Fraser) 


30°. Experimental results are given in : 
Table 18. It must be remembered that : Slope, 
blinding causes the screen surface to become Size of coal degrees 
rough and that steeper slopes than those 

given in the table must be used toovercome | Ryn-of-mine.......-....-- 25-35 | 
this difficulty. Table 19 shows common | gtandard lump...........- 25-30a_ | 
practice in coal dressing. Moistoresrequire | Nyt... eee eee 96—37. 

10 or 15° greater slope than dry. Con- | gop... eee 30-45 
cavely-curved bars have been used in coal- 


screening grizzlies, where it is desirable to 
discharge oversize with as low velocity as 
possible to prevent breakage. 


a Chutes for lump coal range from 18 to 33° 
slope. 
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Size of grizzly depends upon the size of feed, percentage of undersize, 
slope and aperture. Width is governed by the same rule that governs width 
of chutes, viz.: the minimum width should be at least three times as great as 
the size of the largest particles in the feed, if the feed is fairly uniform in size, 
or twice as wide, if large limps are rare. The width is usually governed, how- 
ever, by other factors, such as chute width, width of car or skip supplying 
the feed, or width of crusher receiving opening. Length is determined by the 
amount of screening to be done, 7.e., if the aperture is small and the percentage 
of undersize large, more length must be provided than when reverse conditions 
obtain. Length of steep grizzlies should be greater than that of flat ones. 
No quantitative rules can be set down. Length is frequently made twice 
the width, but this relation has no logical foundation. If large particles 
slide along carrying fine material with them, they can be turned over by 
a drop in the grizzly surface or by dependent swinging bars, chains, ropes or 
the like placed about half-way along the length. These will, however, slow 
down the material and hence make it necessary to set the grizzly on a steeper 
slope than otherwise. Table 20 gives examples from practice. Truscott 
gives 12 to 15 ft. as usual lengths. 

Average capacity may be taken as about 125 tons per sq. ft. of surface 
per 24 hr. with 1l-in. opening and proportionately greater tonnages with 
greater apertures. 


Table 20, Performances of fixed sereens 


Braden Braden Braden 
Copper Co. | Copper Co Copper Co. 


TEA Ses ohio, Rigc Sonmeee, SE A ae ee UeA Griz. Griz. Griz. 
Dimensions of sereening surface.......... .../30 in.-X18 ft.) 30 imei: 166 ft. 
Boreen supine, by per. . 2.08 k oc eR... (aioe. ee Shs bk Oa ee 
IN DSA, NOLS S Reds oa OCC REE RS ey Caen } 1 1 \¥% 
Ty ASHES ON 6 are Aan oe i a a Mn Mini: -*--|)Re ees 
Sito men SRP eR eS be ss asc Bs eerebewtert a wife sake tate wetercl es mae ce eee er 
Slope minchesmpermlOOtes . era me eos Shae eis he atarerve otha Santee, Lat le te 
PONS! Of TECMaDEE? 2ANOT sya wy 2 cre emcees ets ea 4TT7 4777 680 
Undersize in oversize, per cent................ 58 58 9 
Tons per square foot per 24 hr................ 106 159 85 
Tons per square foot per 24 hr. per mm...... 4.2 6.3 9.0 
| 
Alaska Alaska Granitic 
Gastineau Gastineau zinc ore 
TyP@i Jest. btine- ss PR ea tecsotd meas Griz. Griz. Inclined 
Dimensions of screening surface.............. 21> 52i ft. 234X 13 ft. 3x6 ft. 
Sereensuntacswhyper tc ae cork ciliate. «ne. a b Wire 
Ape Rtiinenan claal ty: tt ware teeate SS oboe hes 934 4146xX44 {x2 
Mateniallss, Sette rnk avabsso lasrcrat- tad siete. «sie Gy sane Seas lee Ay: Yin, round 
TERT Cd AVS ora eas cobain i creat vats Mp eee tw 3 yr. 106 “OL 
Slope xinchessper fO0Gini ys. sees ord ete et ee 9% 10 | 6 
Jonsrot teed. per: 24 hr. saver Mee on eto ae 10,000 2500 
Windersizennsoversize, pen cent. <1, sean eet: AEM primaire es aeksonker ohne) ce 
Tons per square foot per 24 hr................ 114 1205. adel lie lly ocean 
Tons per square foot per 24 hr. per mm........ 0.46 1pocy: ete aie 


a A 10-in. I-beam capped with a 6-in. channel which was, in turn, capped by a manga- 
nese-steel shoe. 6 $4 X 2}4-in. mild-steel bars with %-in. space rods and manganese- 
steel spacers. Mn Manganese steel. 
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Holbrook and Fraser (Bull. 234, USBM) criticize this method of estimating the size 
necessary and give a rule of 500 tons run-of-mine coal per foot of width per 8 hr. without 
any statement of the aperture. This treats the grizzly simply as a chute. 

Self-cleaning grizzly. Simcox and Humes (117 J 307) describe the grizzly illustrated 
in Fig. 11. The revolving arms prevent material from sticking between the bars, At 


Fig. 11.—Self-cleaning grizzly. 


CoprerR QUEEN smelter this machine handled 196 tons per hr. of taley ore containing 10 
to 12 per cent. moisture which could not be handled by other types of grizzlies, and pre- 
viously had been dried and re-handled at considerable expense. 

Apvantaacss of fixed grizzlies are simplicity and ruggedness. Disap- 
VANTAGES are inefficiency, loss of head 
room, blinding, and, in the case of coal 
screening, breakage of oversize. 


MOVING GRIZZLIES 


Moving grizzlies of various types are 
used for the purpose of betterimg screening, 
lessening breakage of material and saving 
head room. ‘The first two purposes have 
determined their use in coal breakers, the 
second, in many ore-treatment plants. 

Moving-bar grizzly (Fig. 12) is usual in 
coal breakers. Bars are mounted at one 
end on an eccentric, adjacent bars 180° 
apart, and are so driven that they move 
forward at the high position. Speed is 
about 50 r.p.m. The forward movement, 
together with a forward inclination of 
about 10° moves lump material gently 
along the grizzly and at the same time 
turns it over well and allows fines to drop 
through. 

A chain grizzly was used between the 
pes Lp Ore tae ane pre Mer pte Fia. 12.—Briart moving-bar grizzly. 
599). It was built of old steam-shovel chains stretched endless over 


sprockets, the run of the chains being horizontal. Longitudinal rods in 
the plane of the upper chains were placed between the chains so that the 
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distance of a chain from a rod determined the aperture of the grizzly. 
Alternate chains were run at different speeds in order to break up lumps 
held together by clay and to prevent blinding. Over- 

/i-m.Cable to counterweight. size traveled on the chains to a chute feeding a pri- 
eee ee mary crusher. The speed of the chains was 16 and 18 

8 §, ft. per min. respectively, and it was possible to dump 
a 50-ton car directly onto the grizzly. Eleven sup- 
porting rollers were used between the head and tail _ 
rollers in a length of about 20 ft. 

Movable sorting grizzly used at Port Henry 
Tron Ore Co. is shown in Fig. 13 (88 J 884). Its 
position is controlled by the band wheel. The 
counterweight is heavy enough to raise the empty 
grizzly to a horizontal position. The size is 6 ft. 
wide and 11 ft. long with 4-in. clear space between 
bars. The slope for discharging is 35°. 

Fre. 13.—-Movable sort 5 oe eva: grizzly is shown in Fig. 14. It consists 
ig guraly. Port Honth ee ort lengths of rail running ACTOSS between two 
her Or ce sprocket chains, the latter operating over head and 
tail sprockets, gear-driven. This grizzly is placed 
directly under a feed chute and is normally of adjustable speed to regulate 
feed to a crushing machine. Undersize passes through the upper run and 
is diverted both sides by chutes. Oversize 
is discharged over the head sprocket. Any 
material that tends to wedge between the 
bars is readily freed at the head sprocket 
because of spreading of the bars in passing 
around. Another form of this same grizzly 
is shown in Fig. 15(a). The drop of the 
bars on the lower run clears the surface and also allows the undersize chute 
to be placed below the returnrun. Fig. 15(b) shows the same type of grizzly 
used as a roller 
feeder. Speeds 
range, usually, be- 
tween 10 and 20 ft. 
per min. 

Disk or roller 
type of grizzly con- 
sists of a series of 
disks properly 
spaced and mount- 
ed rigidly on a 
shaft; it replaces a 
roller feeder (see 
Sec. 19, Art. 4) at 
Fig. 15.—Drop-bar traveling grizzly. the discharge gate 


; of abin. The shaft 
is driven by a sprocket chain or by ratchet and pawl, oversize rides on the 


disks and passes to a crushing machine, while undersize drops through be- 

tween the disks into a chute. The peripheral speed is dependent upon the 

rate of feed, but should not, in general, exceed 100 ft. per min. 
Burchring grizzly (lig. 16) is a special form of the roller type. I¢ con- 


Fig. 14.—Traveling-bar grizzly. 
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sists of two disk-shaped heads (A) mounted on shaft (Z) and tied together by 
rods (@) on which are mounted close-fitting rings (C), held in place by spacers 
(D), and alternate loose rings (B) spaced centrally between the rings (C’) by 
the lugs (I). The principle lies in the fact that the loose rings always hang 
down in such a way that the space between adjacent rings at the bottom is 
greater than at the top and anything that passes between rings at the top 
is, therefore, readily discharged at the bottom. 


Fie, 16.—Burch ring grizzly. Fig. 17.—Shaking grizzly. 


Shaking grizzly is shown in Fig. 17. It consists of grizzly bars carried 
in a suspended frame actuated by an eccentric. The surface of the bars is 
ordinarily inclined about 10° in the direction of flow, although this is not en- 
tirely necessary, if the method of suspension is that of the Ferraris screen. 
Speed should be about 80-100 strokes per min. Capacity is about 125 tons 
per sq. ft. per 24 hr. per in. of aperture. 

At Emprre STEEL AND IRON Co. (99 J 560) this type of grizzly with 2-in. spaces clogged 


badly and the bars were replaced by 34-in.. manganese steel plate with 2-in. round holes. 
This overcame the difficulty. 


FIXED SCREENS 


Fixed screens, as distinguished from fixed grizzlies, have an inclined 
screening surface consisting of punched plate or woven wire rather than of 
parallel bars. They size more closely than a grizzly on account of the fact 
that they limit the particle in two directions. 


Holbrook and Frazer (Bul. 234 USBM) report that the undersize of a 1-in. grizzly 
yielded 24 per cent. on a l-in. round-hole screen and that some of the material would not 
pass a 2-in. round hole. 


Punched-plate screens may ordinarily be set on the same or a slightly 
steeper slope than a grizzly except that, when used for fine feeds, the slope 
must be greater on this account. Tables 21 and 22 show the effect of size of 
coal on sliding angles. Woven-wire cloth must be set on a considerably steeper 
slope (5° to 15°) than either bars or punched plate on account of the rougher 
surface. Capacity of fixed screens is 2 to 4 tons per sq. ft. per 24 hr. per mm. 
of aperture. 


At Onto Copprr Co. (99 J 749) heavy wire screens, 2 ft. wide by 8 ft. long with 0.375 X 
j-in. apertures, set on a 45° slope, handled 250 tons per 24 hr. or 1.1 tons per sq. ft. per 24 hr. 
per mm. At the old coarse-crushing plant of the Arthur mill of Uran Coppzr Co. (117 P 715) 
the 72 X 20-in. roll circuit was closed with stationary square-mesh woven-wire screens set 
at 40° slope, the aperture varying from 1 to 1.5 in. as the moisture varied from 5 to 13 per 
cent. In the new plant these screens have been replaced by Mitchell vibrating screens. 
At Avasxa Gastinnau (63 A 493) —10-in. material was fed at the rate of 1000 tons per 8 hr. 
to a stationary woven-wire screen with 2.5-in. aperture, 3 ft. wide by 14 ft. long, set at 45° 
slope. This is 1.1 tons per sq. ft. per 24 hr. per mm. 
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Table 21. Slopes necessary for different sizes of dry anthracite. (After Sterling, 42 A 264) 


Glass chute Steel-plate 
chute 


Size (round hole, diameter | Minimum | Minimum } Minimum 


in inches) slope, in slope, in slope, in 

inches per | inches per | inches per 

foot, for foot, for foot, for 

sliding to | sliding to | sliding to 

begin continue continue 
Broken coal, 4% to 34...... 2% 2% 145) 
Egg coal, 34% to 2%6........ 25% 214% 2.94 
Stove coal, 2%6 to 1%..*.... 3 2% §.12 
Chestnut coal, 154 to 1%46.... 3 2% 3.50 
Pea coal, 1546 to %.......... 3% 21% 4.50 
Buckwheat, No. 1, 5 to %e.. 3% 3k 5uZo 
Buckwheat, No. 2, 7i6 to \%.. 334 34% 6.00 
Buckwheat, No. 3, 14 to %2.. 4% 3% G50 
Buckwheat, No. 4, 342 to 0. 4% 414 8.00 


Table 22. Slopes necessary for different sizes of Illinois bituminous coal to slide on 
bright steel. (After Holbrook and Fraser) 


Minimum | Minimum 

Size angle to angle to 

start continue 

G=ineh; lumnpronucle sty. .cgc)e seharct tae a%, sree 21°) 50% 20° , 30’ 
6-inch lump on bedding......... ent no hee 2h? OY, 19° 40’ 
6-inch lump on mother-of-coal.......... 16° 25% ey 44% 
A Brinch GOsiMCHeS a oe Be asa cee se oes 21° 00’ LOS 10% 
someh <2-1neh Muth CNOp) erage a teesierline PANO SKY 19° 00’ 
2-inch X 14-inch nut (No. 2)........... 20° 40’ 19°° 20° 
1 44-inch X 34-inch nut (No. 3).......... 21° 00’ 19° 40’ 
34-inch X 44-inch nut (No. 4)........... 22° 00’ 202002 
WADCH GO! 0 WUb INO: D) so aeeatere ce ss 6,0 26° ~34" PIR ASCH 

| 


Screen with adjustable aperture is 
described by Watts (40 CMJ 886). It 
consists of a round-hole punched-plate 
fixed screen, the holes being punched with 
rectangular spacing, and a grizzly in con- 
tact with the under side of the plate, the 
grizzly bar being equal in width to the 
least width of metal between holes in the 
plate and the distance center to center of 
bars and holes being equal. When the 
centers of the bars register with the cen- 
ters of the metal between holes in the 
plates the screen apertures are full open. 
By sliding the grizzly sideways the holes 
may be closed to any desired extent. This 
arrangement is useful on coarse screens 
when the moisture content of the feed is 
variable, but the same effect can probably 


be more easily obtained by changing 
screens. 


Rowand screen (Fig. 18) is a 
modification of the old Edison 
Fic. 18.—Rowand screen. screen (see Richards). Both screens 
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have been used to a considerable extent by the New Jersey Zine Co. and 
subsidiaries for relatively fine screening of dry ores. The object of the 
apparatus is to feed ore in a thin regular stream over the whole screen 
surface and to break the flow of the ore a sufficient number of times to 
keep the velocity of the particles on the screen cloth low and to have them, 


_ therefore, slide rather than roll and bound. The essential elements in such 


screening are to have the feed substantially bone dry and to keep the aper- 


ture clear. Dryness both increases efficiency and markedly reduces wear on 
screening surfaces. Table 23 gives performances of Rowand screens. The 
Table 23. Performance of Rowand screens, N. J. Zine Co, 
Square Tons per 
J Tons Tons Tons per p 
feet e ee ee mer hour per hour, | lisauare foot | S1uaze foot 
scree inches egrees owatoaal forall per 24) hn per 24 hr. 
surface at 1 mm. 
24 1.0000 45 25 50 50 2 
is 875 45 28 112 179 8 
120 0945 40 40 40 8.0 3.33 
80 125 40 4 16 4.8 1.51 
60 . 1875 40 6 ‘24 9.6 2.02 
48 3125 40 8 32 16 2.02 
108 013 40 0.96 0.96 0.22 0.67 
108 016 40 2.76 2.76 0.61 1a) 
108 02 40 3.28 3.28 0.73 1.44 
108 028 40 3.28 3.28 0.73 1.03 
96 055 40 Et 4 1.0 0.72 
84 .065 AO 4 4 int 0.69 
96 OCS 40 6.8 6.8 WEG 0.89 
84 082 40 6.8 6.8 1.94 0.93 
20 625 40 20 20 24 1.51 
20 625 40 48 48 57.6 3.63 
20 625 40 12 12 14.40 0.91 
360 .101 40 100 100 6.67 2.6 
41 .088 37 9.3 9.8 Ok 2.6 
67.5 055 38.5 8.3 8.3 2.95 243) 
135 025 40.5 ee 8.6 1.53 2.4 
135 02 41 6.8 7.5 1.33 2.6 
135 016 41.5 Die? 6.3 pie 2:8 
135 013 42 4.1 4.6 0.82 285 
135 O11 42.5 1.4 1.5 0.27 0.97 
135 010 43 4 4.5 0.8 S34) 
135 025 43 11-13 ilgeals Omi B53 


average capacity of the Rowand screen is 2 tons per sq. ft. per 24 hr. per mm. 
of aperture. The corresponding average of five Edison screens is 1.15 tons. 


The apvanraaces of Rowand screens are lack of power consumption and low repair 
charges, due to absence of moving parts; the DISADVANTAGES are low capacity per square 
foot, excessive blinding, great loss of head room, and close dependence between efficiency 
and dryer performance. When the ore contains even so small an amount of moisture as to 
fail to allay dust, screen efficiency falls off badly and the circulating load builds up to enor- 
mous proportions. At New Jersey Zinc Co. an alternating-current electromagnet 
mounted over a screen plate in a Rowand screen is locked electrically with a mechanism 
for regulating feed and with a timing arrangement, so that the feed is shut off for a few 
seconds every few minutes and the screen is vibrated vigorously. The result of the vibra- 
tion is to clean the screen thoroughly. Asa result capacity and efficiency have been greatly 
increased and a labor cost of upwards of $0.15 per ton screened for cleaning screens has been 


eliminated. 
Drag screen is essentially a flight conveyor (Sec. 20, Art. 4) ina trough 
with perforated bottom. It may be set at any slope from a downward incline 
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less than the sliding angle of the material to a rise of the same inclination. 
The usual range in size is from 4 to 10 ft. wide and from 10 to 25 ft. long. 

The usual capacity of drag screens with 4- to 54¢-in. round-hole plate is 
1 ton per sq. ft. per hr.; the general limits are between 2 and 15 tons per sq. 
ft. per 24 hr. per mm. aperture. The usual speed is 60 to 100 ft. per min. 
but speeds from 40 to 240 ft. per min. are reported. Wear is not great with 
coal but is excessive with hard ore. The screen is used principally as a 
dewatering elevator or conveyor in coal washing, where screening is of second- 
ary importance. 

Lincoln (11 Bul. UI, No. 9) describes such 4 screen 2 ft. wide by 24 ft. long with 16 fb. 
of 134-in. slotted plate and 8 ft. of %4-in. square-hole plate which handled 40 tons per hr.. 


of —334-in. raw coal. Another screen 3 ft. wide X 30 ft. long with 1%-in. grizzly bottom, 
sloped + 26° for part of the run, then horizontal, handled 600 tons per 8 hr. at 80 ft. per min. 


5. Revolving screens and trommels 


Revolving screens have been more widely used than any other type of 
movable screen, but their popularity, particularly for screening finer than 
1%- or 2-in., is on the wane at the 
present time. The ordinary cylin- 
drical TROMMEL as used in ore-treat- 
ment plants is shown in Fig. 19. It ° 
consists essentially of athrough-shaft 
carrying two or more 4- to 6-armed 
spiders, on the outer end of which 

Fie. 19.—Cylindrical trommel. are carried circular bands on which 
screen cloth is stretched. The 
main shaft is carried in bearings at the two ends. Several methods 
of drive are employed. The commonest is the so-called right-angle drive 
illustrated in the figure, consisting of a bevel gear mounted on the end of 
the trommel shaft and driven by a bevel pinion on the countershaft, which is, 
in turn, pulley-driven. A less common form of drive is one in which a pulley is 
carried directly on the end of the trommel shaft. Since the shaft of a cylin- 
drical trommel is always on a slope, there is difficulty in kecping a belt on this 
pulley, especially as the trommel is a slow-speed machine. This difficulty 
is overcome, in some cases, by connecting the trommel shaft through a 
universal joint with a horizontal shaft in the same vertical plane and 
driving this directly by means of a pulley. Sprocket and chain may be sub- 
stituted for belt and pulley in the last two drives and sprocket and chain are 
frequently used with the right-angle drive in dry screening, where the excessive 
dust would cause belt trouble. Common diameters are 24, 30, 36, 42, 48 and 
60 in.; lengths, 4 to 12 ft. 


Split spider hubs are superior to solid. The shaft for a 24 < 72-in. trommel should be 
21\4o-in., increasing to about 4/(6-in. for the 48 X 72-in. size. For longer screens the shaft 
diameter must be increased considerably. The driving shaft should be fitted with a tight- 
and-loose pulley. The minimum slope of the undersize chute for wet work should be at 
least 234 in. per ft. for 2-mm. screen. The chute should slope at least 45° for dry screening 
Wash-water boxes are better than spray pipes unless the water is clean and free from salts. 
Water should be applied on the upcoming side. Water consumption varies from 1 to 3.5 
gal. per min. per ft. of length, the higher figures generally corresponding to fine screening 
Water consumption in terms of tonnage of solid fed to the screen varies from 18 gal. per ton 
in coarse screening to 420 per ton in 1-mm. screening. 

Wiard states that power consumption is about 14 hp. per 2-ft. length for 48-in. trom- 
mels. Holbrook and Fraser give the formula Hp. = tons per hr./10; also Hp. = DL/8 
where D and L are diameter and length in fect, respectively, for coal-screening trommel, 
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and Hp. = DL/4 for stone screens working on rock or ore. For light shaft-type trommels 
for fine screening in concentrating mills they give Hp. = DL/12. 

Trommels for wet screening may be set up in banks of two to four in line, with inter- 
mediate spur-gear drive, but individual drive is better. 


Compound trommels with two or more concentric screening surfaces on 
the same shaft, the coarsest inside, are used where several sizes are desired in 
the same screening operation and head room is at a premium. 

The pisapvanraacss are that it is necessary to remove the outer screens in order to make 


repairs on the inner, it is difficult to watch the inner screens for wear and blinding, and the 
area of the expensive fine-screen cloth is unnecessarily great. 


Revolving stone screens, as distinguished from trommels, have no central 
shaft but are mounted on tires and rollers at both ends, or one end is 
so mounted and the other end carries a heavy head and gudgeon (Fig. 20, b). 
This type of screen is used for coarse screening only and is less frequently used 
in ore-treatment plants than in stone-crushing plants. The screen frame con- 
sists of heavy cast heads with four or more longitudinal members connecting 
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Fie. 20.—Revolving stone screens. 


the heads and forming with them a strong truss. The screening surface is 
attached to the through members. The best arrangement is one in which the 
screens are in sections, each section bolted in between two adjacent through 
members as shown in Fig. 20, b, Commonly stone screens are SECTIONAL 
(Fig. 20, b), z.¢., plate or cloth sections of successively coarser aperture from 
feed to discharge end are used. Not infrequently, also, they are compound at 
one end, Right-angle drive is usual, but some forms are chain-driven by 
means of a sprocket bolted to the feed- or discharge-end casting (Fig. 20, a). 
The frame is sometimes built to carry a grid of heavy rods on the inside surface, 
parallel to the axis, with an aperture larger than the coarsest screen. This 
rides the largest lumps through the screen out of contact with the screening 
surface and thus protects the latter. Table 24 gives sizes and weights 
throughout the range of manufacture. 


The principal pisApvANTAGE of this type of screen is the fact that all of the coarse 
material must pass over the finest plate, which is thereby subjected to excessive wear. This 
difficulty may be obviated, although at the expense of head room, by passing the original 
feed first to a heavy screen of intermediate size and passing each product of this screen to a 
separate sectional screen having suitable cloth. 


Conical trommels are made with and without a through shaft. The latter 
type, called the Gilbert screen, has had considerable use, particularly in gravel- 
washing plants. 


The ADVANTAGE of the conical trommel is that the axis is set horizontally and the inclina- 
tion of the screening surface necessary to cause travel of material is obtained by the conical 
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shape. It is also economical of head room. The open-end type has ample space for feeding 
through the discharge end, but it is necessary that the feed be carried in suspension in water. 


Table 24. Revolving stone screens. (Traylor Engineering Co.) 


Capacities, tons per 
hour, 3-inch Horse: Revolu- 
Size Beeloetion power | M5 Pet Wweight,Ib. 
| screen 

Scalper(a)| Sizer(b) 
24”X 6 20 9 3 26 3,000 
PY OSE GA 45 20 4 26 3,700 
327% B80 40 18 4 22 5,150 
32/0144 80 35 ‘a 22 6,300 
40’ x 10’ 65 30 8 18 7,950 
40” x 20’ 135 65 12 18 10,700 
48/’ 12’ 100 45 10 16 13,000 
48’ 20/ 180 85 14 16 15,650 
60” 51.2” 120 55 12 14 21,000 
60” x 24’ 250 115 18 14 28,000 
72’ 14’ 180 85 16 12 30,000 
ete 24! 300 150 20 12 40,000 
84’ 16’ 250 125 20 10 40,000 
84”" x 30’ 500 250 25 10 52,000 


a As guard screen on a crusher. 06 For clean oversize. 


Prismatic troinmeis, usually hexagonal, have been used to a considerable 
extent in fine screening. The sides may have their elements parallel, in which 
case the axis is set on a slope, or the sides may be pyramidal and the axis set 
horizontal. The screening surface consists of a number of plane sections. 
This makes for ease in mounting and changing screen cloth, as the cloth is 
mounted on separate wooden frames that bolt onto the main screen frame. 
Cloth may be shipped flat, is lighter to handle than that for a cylindrical 
trommel, being in smaller pieces; and the amount of screening surface that 
need be veplaced for a breakin the screen is only one-sixth of the total. 


Comparison of round and hexagonal trommels for fine screening was made at the mill 
of the Dustoge ConsoLipatep Lap Co., South-eastern Missouri (94 J 833). The mater- 
ial to be screened was undersize of a 10-mm. trommel and it was desired to remove from it 
material that would pass a l-mm. opening. Comparison was between a round trommel of 
the conical type, 8 ft. long with diameters 3 and 4 ft., slope 34 in. to the foot, speed 20 r.p.m.; 
and a hexagonal trommel 8 ft. long, pyramidal shape, largest diameter 4 ft., smallest diam- 
eter, 3 ft., speed, 20r.p.m. Pulp in falling from one face of the hexagon to the other dropped 
14 in. Screening surface used on both trommels was punched plate, 22-gage steel, 1-mm. 
round holes on 2.5-mm. centers. Outside spray was used in both cases. Feed rate, both 
trommels, was 150 tons per 24 hr. Duration of the test was several weeks. Results were 
as follows: Material finer than 1-mm. in oversize; conical trommel, 7.02 per cent; hexag- 
onal trommel, 4.77 per cent. Life of screening surface; conical trommel, 7.1 days, 1065 
tons; hexagonal trommel 12.85 days, 1927 tons. The experimenter calls attention to the 
fact that the difference in life of screening surfaces is due to the fact that the interior rings 
of the conical trommel cause pulp to back up behind them and that the greater weight of 
pulp sliding around at these points causes the screens to wear through there and fail. The 
higher efficiency of the hexagonal trommel was due to greater turning over of pulp and con- 
sequent more frequent presentation of all grains to the screening surface. 


Variables in construction and operation of revolving screens are speed, 
slope of screen axis, aperture, percentage of oversize in feed, percentage of 


moisture in feed, quantity of feed per unit of time, diameter, length and char- 
acter of screening surface. 


| 
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Speed affects capacity and efficiency. Increase in speed up to the point 
where material is carried completely around by centrifugal force causes 
increase In capacity. Efficiency, how- 
ever, passes through a maximum with 
increased speed. 


Results of a test on a 36-in. trommel with 
varying speed (98 J 305) are given in Table 25 
and Fig. 21, showing, for this size, maximum 
efficiency at 16 r.p.m. Since efficiency and 
not capacity is the end sought in most screen- 
ing operations, this speed or one slightly 
greater, is the one that should be and is com- 
monly used in practice for this size of trommel. 

Diameter, 36 in. Length, 12 ft. Slope, 1144 
in. per foot. Perforations, %-in. round holes, 


punched on lines intersecting at 60°. Per-_. 79 
centage of opening, 40.3. Rate of feed, 22 10 1 12 13 14 15 16 17 18 19 20 21 22 23 
to 24 tons per hour. Speed, 11 to 22 r.p.m. Revdlutions per minute F 


(Data plotted in Fig. 21.) 
: . _ Fria. 21.—Relation offtrommel speed and 

Table 26 shows speeds of operating efficiency. (Numerical data in Table 25.) 
trommels in various mills. Average 
speeds are as follows: 2-ft., 17 r.p.m. (2 only); 2.5-ft., 16.4 r.p.m. (5 only); 
3-ft., 16.75 r.p.m. (4 only); 3.5-ft., 15.5 r.p.m. (2 only); 4 ft., 15 r.p.m. (10 
only); 4.5-ft., 15 rp.m. (1 only). Table 27 shows the theoretical speed pro- 
ducing centrifugal cling and the usual speeds for ore and for coal screening, 
according to Holbrook and Fraser (Bul. 234, USBM). 


Table 25. Relation between speed and efficiency of trommel. (a) (After Roesler) 


Westen mer. b. < papas: «dots, “fy 1 2 3 4 5 6 
SOCOC EES sllberd Se geceae cs: oye petscrae oon 22.0 19.3 L726. 15.4 13.2 11.0 
Diam. of drive pulley, in........ 10 9 8 7 6 5 
Oversize 
Per cent..on! ¥osiniv. o. es Bee: 64.3 67.8 74.5 (59963 73.4 66.9 
Per cent. through 1-in......... Bod 32.2 25.5 24.7 26.6 33.1 
Feed 
Pericent. on Win. i ote. 26.9 Capa) 26.2 25.3 27.4 24.9 
Per cent. through Y-in......... ieee 74.9 73.8 (40 72.6 G51. 
Efficiency, per cent.............] 79.6 84.2 87.8 88.9 86.4 83.7 


Slope of a trommel affects the speed of passage of material therethrough, 
and for a given tonnage determines the thickness of the bed on the screen. 
This factor in turn influences efficiency, the thinner the bed the greater the 
opportunity for material to have access to an aperture. Up to the point 
where the rate of travel of particles over the screening surface is too great for 
efficiency, increase in slope increases efficiency and capacity. ‘The old prac- 
tice was to use slopes of 0.5 to 0.75 in. per ft... Present practice, as indicated 
by Table 26, averages about 1.5 in. per ft. in ore treatment. The maximum 
is about 3 in. per ft. According to Holbrook and Fraser, 5° is standard slope 
for punched plate-trommels in coal treatment and slightly more for woven- 
wire. 

Diameter of a trommel determines the thickness of the bed; the greater 
the diameter the thinner the bed. It is not advisable to use trommels less 
than 36 in. diameter on account of the difficulty of changing screens and mak-~ 
ing other repairs. The majority of trommels range from 36 to 48 in. diameter. 
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Table 26. Performances of 
We 2 a ee ee eee 
4 St. Joseph 
: Pittsburg- Lead Co Nevada 
Name of mill Mee. Rivermines Packard 
Mining Oo. plant 
Dimensions, diameter X length, in............. 2448 24x 144 30111 
Slope, inches per toot un-.ttm. certs ikea tle: s on-air een 1.5 Tuo 
Revolutions per minute. 4. jy. a. cine te ne VS 19 20 
Sereensuntsce;, type ive ves e ree et oe ae WwW P Ww 

INS AHS Lo 00 GN CON Rea Octet Om 1 Rape 0.25 1.25 0.375 

Via berielic® <checit cope. co dua che ’s & ONR eueare ah olor Tee Ss cl No. 10S 

sire tonszof Weed! Pane vies cio Me lane aie) auc. e a ps 14,400 180,000 144,000 
Water, gallons per hour...... eee Piece Sire im Oe re er Ya Sih oul nh eoaeree Ricans 
Horsepower installed........... Miko b Oc ea 3 nn anton sc See 
Horsepower, cOnus@meda. we. f: calc tates giles ra tages ot cor 1 leo ead ah atta M ats asec 
‘Tons of newrieed per 24 breve sous. cee ct 60 1009 800 
Tons of total feed per 24 hr......... : 80 OOO). ai}, 2S eraser 
Tons per square foot per 24 hr.............--+ 3.2 13.2 11.0 
Equivalent tons per square foot per 24 hr., 

MEANT. DCC UES Mctere cc kor fees ck we gee para 0.50 0.41 Deal! 
Berveent.. Undersized JOVELSIZE cm A... be «ayers, te | Se a cee we all ron a ararac ence eral states Leer 
PORWISHECY. Por CONE hO. . . cnc td << ce « wre. cals > wapeyhOumatare hen ot SQK5 bs ie cketpree oe 

Pittsburg- 
Name of mill Moctezuma Copper Co Dolores 
Mining Co. 
Dimensions, diameter X length, in............. 36 X68 36 X68 36 X72 
Slope; inches per: foot ww"... ws be oa wales ote ee tee 1.5 Le datatet Vie os ciara acne oe 
Revolutions per minute 36 356 15 
Screen surface; type ntsi.ase.ooee.S bs 12 ie Ww 

AMENLALe se Grete crc oa eS tke ros ecb hvarersieeree 0.67 Oar o. 0.5 

Tis ENACT Gh one oe ae aan Ree 546-in.S 346-in.S S 

Life, tons of feed........ 148,000 32,000 10,800 
Wiaten-gallonsrper Nouriieo ews ..iesccletiec © ceiees 1200 1200) Fie enon . 
PLOrSePOWEreMSUALled so cick, acts c he dere oa ooh cleterecoel s sreverseansce areveun (repsness evs snp. coweleeny 5 
Horsepowericonsumedsey. anc. ccks BOs et hs oes 2 PHL ial rig eeals Jee 
MTonsiot new. feed per 24 brs... cece ons ee 600 300 60 
Nous or tovat teed per 24 bri... acs cew eieee oes 1800 800 60 
Tons) perisquane foot wer. 24 Hrs. «01. sete vers ss 31 15 1.06 
Equivalent tons per square foot per 24 hr., 

TEMG APELUUEOTN. Nees odo eee ok eerie s. © 1.8 200 0.085 
Per cent. undersize in oversize............---- 12 LO” el | OP eee 
EM GlenGy Ap er Cents (De vescc dre dea ate cue doieie. ate ace iil a hb tecdle wea Sk l eies Scene aT ects e ere 

1 
. American 
: Bunker Hill Cananea : 
Name of mill & Sullivan | Consolidated ie ree 
Mining Co. | Copper Co. | © Co ting 
Dimensions, diameter Xlength, in............. 48X60 48X96 48X96 
Slope winches per footu hes Meade Gikiee wee 1 ONS: b5 
Revolutions per minute............. atasreals 17 16 15 
Sereenistintace/ tyPe)radie es » ston. ol ss was cs aes P P P 

JA eLLURe alDs er vetsienishias Sie 0.5xX1 0.375 0.5 

IMEC SPY Nese Onno Conan moe S S No. 10S 

Life, tons of feed..... 36,000 37,800 65,500 
Water; igallons per hoursy:.tie sees. ae See One so Eeotoe 3120 Dry 
Morsepowerringtallediqns. <2... ah cei iae rameter eed heals a [a eae a ne ae a . 
Horsepower Cons umedn ss veer see eee ee 2 thos ore een a 
Tons of new feed per 24 hr...........0.0-000- 300 630 360 z 
onsjorspovar, ceedapero4 ani... tg naps aes SOO | sy Kauai linveteteed: cavetey: 720 
Tons per square foot per 24 hr....-........... 4.8 6.3 Ue 
Equivalent tons per square foot per 24 hr., 

Lemmas ADORCUMC o., ho gis Ws, epsacue nr ud hous athens 0.38 0.66 0.57 
Per*cent. Undersize Im oVersize...20 le shee lee eee eee 5 32 
Effitieney; mericentt: (Bak Wiser anv si eae lee liars cd eee TERRE. eee) lame eats 


6 Recovery formula. 


d Diagonal slot. 


CI Cast iron. 
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trommels in milling plants 
Federal M. & 8S. Co. Morning Mill U.S. Sm. Ref. & Min. Co. 
Midvale Plant 
32134 32134 32134 32 X 134 36 X 60 36 X60 36 X60 
2 2 2 2 1,25 L2Q5 1.25 
17 12 12 21 15 15 15 
ip 12 RP je w W Ww 
1.0 0.5 OFZ 0.039 0.18 0.087 0.053 
S S S S 8 S S 
56,000 30,000 20,000 300 26,000 8700 5500 
600 800 1000 1300 780 800 950 
ORs em A pie ae ae Rot lee ape ee eae sah hy cee preteo: feecsy “cet: 
500 500 200 50 500 300 275, 
800 750 400 RO OT lms teete helene Ibid SER sada) |e PS 
8.6 8.0 4.3 0.8 5.3 3.2 2.9 
0.34 0.67 0.86 0.8 16 1.45 2.16 
Bee heat arent letlonsleecere re S 3 27 24 23 26 
OWeR EM hetrees Sob 54 COW ul aeteenteenet Majelliek ots sreeribleglltae sete creerces 
Copper St. Joseph Cananea 
U.S. S. R. UsSys: kh. i 
& M. Co., | Braden Copper Co. | Range Con-| Lead Co., | @' yy "Go... |, Consoli- 
Niadvale solidated Bonne Midvale dated Cop- 
Copper Co. Terre per Co. 
36 X72 36 X72 36 X72 36 X78 36 X96 42X72 48 X 60 
1.25 3 i See 1 1 1325 0.75 
15.67 19 18 18 36 15 16 
P B Ve PR P. v2 ib 
0.28 0.158 On? 0.25 07,385 0.59 0.625 
S S S S ) S S 
tok Ste AE em ee fle eR = 27,500 20,500 45,000 48,000 
PEO Med Rectertienctecsetie til eee teaescdcenectre, = PZ OOOT C Neatesac ttn, cccae,t Dry 6480 
MG ree sae ct eee lt eae Tee en adl aa Si an yl laa ‘elite 
500 321 440 300 275 500 500 
Oh tee Sa ai ae ca at A 363 Tae RAW ods ert oe 800 
4.5 Dag: 7.8 5.9 3.6 7.6 12.8 
0.62 1.4 3.1 0.93 0.4 0). 5, 0.8 
13 35 80 35 say 15 5 
dich pene 46 8 STE pete nae Mme Ti oS ates obs Peed ie dotenes 6 crs acting sae ll tnae ae eTe 
Federal 
Federal Lead Co. Mill No. 3 Lu Pi San Ea ea 
Mill No. 4 Oe Niet 
48X96 48x 108 48x 108 48x 108 48 X 108 48X12 
1.5 2 2 1.75 3 2.4 
13 18 18 20 20 13 
P P Je iP le he 
0.125 0.47 0.59 0.079 ORS 0.16d 
No. 20S Ss S Ss ms S 
4750 18,900 18,900 4500 DZ, OOO ixadehen meio ecks 
pa “Pn saphes EA Hlle Se Be | ce ete em etoile Hee et 
Bivens FeKt E P ‘ Lgountrectibon aerencneg vessel 
unas 100 450 450 375 1250 1400 
zy Abela a6 wis ee ihe BH Th eT et sek ego sth sacisiees 
.33 0.27 10 0.58 2.8 
vig: @ 15 @ 15 @ 15 @ 15 22 


P Punched plate. 


S Steel plate. 


W Woven wire. 
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Name of mill 


Dimensions, diameter X length, in 
Slopesimehessper toot. Ssh ME ates «sce e cele 
Revolutions per minute 
Screen surface, type 
Aperture, 1n 
Material 


SIZING 


Bunker Hill & Sullivan 
Mining Co. 


See. 5. 


Table 26. Performances of trommels in milling plants—Continued 


Witherbee, 
Sherman Co. 
No. 4 


48 X 120 


sectional 
1 


17 


48X120 
1.375 
16 


Ww Viz 
0.25X0.5 C0428 ge 2d 


Wbiferstons, Of LCCd oto a cch ode aes oes SaaS 18,000 | 6000 150,000 
Wateregallons, pervhour, «2. 0. ooh se gnnee 1700 Dry 
Horsepower installed......... PN st RAS OM Pe Lae Ees eeatene Oph eee 
Horsepower-consumeds; bsrc5c $045 6nee hae al 3 pes 
Monsrot new: teed per VSB. 6. jt oce onsets ece ot tetome 200 2000 
Tons: of total feed per 24 br. chee teens 200 2000 
Tons per square foot per 24°hr...:20/......-.. 3.2 3.2 15.9 
Equivalent tons per square foot per 24 hr., 

Pema M ap ETbULS |. tee. Mea awe Nie ev SHS ws POO ees 0.5 1.0 0.84 
Per cent. undersize in oversize.............-.- Hess than. 10" > = Fon. rete 
Bificieney,, wperscen tul(D yet tereers tos news testers supers |) on Tent eyes scepter acter Uf earii s carineenattd 

; Witherbee, St. Joseph Phelps- 
Name of mill Sherman Co.| Lead Co., Dodge Co., 
No. 3 Rivermines Morenci 
Dimensions, diameter Xlength, in............. 48x 144 48K 192 54120 
Slopemiueches per foot. okies. ee Pek da teks eee 12375 135 er 5) 
Revolutions per*minute:. . 2... ces ede a ep 14 14 15 
Nerecmesurracety perce. th acme cs) eka tie es he P P 

PRP EL EUG pe ilioet ee were oof laeeas ge byes t's OF EAs 1.25X2 0.354 0.75 

til TEN rh 1 a a RE i Ss Ss 0.5-in.S 

TextowstOns, Of 1eCd) oc as - cS een Se sean ie 90,000 96,000 150,000 
Water, callonseperthour.: .42.0s os danse Dry Dry Dry 
Horsepower imstalle dinar yswisierarrc atte si) hits Cea ects cme eis aictl tS gence Sete tein socio eee eee 
Horsepower consumed. .c¢foc ce eee ia i oe et. 2/4 2 @ 4 
Tons otnew. feediper 24 brits ccaees shai. aden 1300 500 2500 
‘Tonsrormtotal. feed per 24 hr... Fs... tacos tae: 1500 SOO" Wb eee 
Tons per square foot per 24 hr................ 10 4 iN (e 76 
Equivalent tons per square foot per 24 hr., 

PERNT DOPCOLG sca ce sate gw pete tate ews hate ee 0.32 0.44 0.93 
RentcentycUndersize ln OVELsIZe wa cso teas pees Wiese snin eoreeanerd, «Hae ole ee a eucil aes ce 
Btierenerv, per Centy(O) mvten tre wor Sc econ aden a leueww ot tase. 65 he. tee 

J Empire Iron |Susquehanna Alaska 
ERS SS &SteelCo.(e)| mine(f) | Treadwell(g) 
Dimensions, diameter Xlength, in............. 32X72 2 
Slopesinekes pertoote. es vate miat ye oes ke 25 135 ores SOAS 
RevomMponssperminUte.tacdie nese aaaes Aeeik hs (os gee rks She « llecatete ee eM oahu 
Screeniurface uty poder. cats actors rabies see: 54 6-in.P P : 

orcuremii etter vitive oS oiaac ane Leh es B OF os Pe eae 7 ada 

Matertalieiintctiuet hss 6 oe hese Oe rae were S S 4 

Life, ere of deeds Mah Oiptorel ofcreicicast Wear ten ines ST Ae eee ae [era WT AF cS 
Watertraltonssper NOuUrs .cceece. ost edt. aas . Dry ten ree Lh ae 
Horsepowersinsvallediaeeaces steel Shoe bee RCs eee sf bia ch leer ret : ee 
igraépowenrconsumed::..- Sasa iano We SMe mall oo Nee = tI Se oe lok: See 
‘Ronspowne watced per24ihr- sy oe emnanieie see as 3000 5660). ENT 4 2250 
Monsromvovabsteed: pers24- brie, cewcemtea eebowr ad |e ees cee ee |e ee ell a 
Tons per square foot per 24 hr................ 60 15 Cae 
Equivalent tons per square foot per 24 hr., ; 

orn FAD CRUULE seein agape cere seen terete 2.4 0.30 0.20 
Percent. UnGersizestn OVELSIZO:...2 ee see toh te | ei ae eee sid lee See oh Idee 
Witiciency, per cents(D ymin ete cee eet: he SOAS CIS ee. ck: a). 

b Recovery formula. e 994 560. f 102 J 787. g 114 P 410. 


P Punched plate. S Steel plate. 


W Woven wire. 


CI Cast, iron. 
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Table 27. Speed of trommels. (After Holbrook and Fraser) 
Good practice 
Revolutions 
Diameter per minute Ore Coal 
of screens, at which no 
inches screening 
takes place Revolutions Peripheral Revolutions Peripheral 
per minute speeds, feet periniawee speeds, feet 
per minute per minute 
30 63 16 to 35 123 to 275 27 to 30 212 to 235 
36 56 20 to 30 189 to 283 23 to 26 217 to 245 
48 48 12 to 22 151 to 277 19 to 20 239 to 252 
60 43 11 to 13% 173 to 212 15 to 16 236 to 252 
72 40 11 to 13 207 to 245 12 to 13 226 to 245 
84 35 10 to 11% 220 to 253 8 to 1l 176 to 242 


Length affects efficiency of screening; increased length resulting in more 
complete removal of fines. On the other hand, most of the screening is done 
in the first 2 feet. Present practice inclines to steep slopes and short lengths. 
Truscott gives 5 to 15 ft. for one separation, the longer for finer materials, 
but few trommels exceed 10 ft. 

Capacity increases with increase in diameter, speed, slope and size of aper- 
ture, with decrease in percentage of difficult oversize in the feed, and is greater 
in wet than in dry screening. On the basis of Table 26 capacity is 0.6 ton 
per sq. ft. per 24 hr. per mm. of aperture for dry screening and 1.0 ton per 
sq. ft. per 24 hr. per mm. for wet screening. Wuard gives the rule for capacity 
of 48-in.$trommels in open circuit, C = 20d for round-hole punched plate and 
C = 25d for square openings, where C' = tonsper24 hr., distheaperture in mm., 
and the feed contains 50 per cent. oversize. With a greater percentage of over- 
size, capacity will be greater to an extent substantially equal to the tonnage of 
excess above 50 per cent. oversize. Deduct 15 per cent. from the above capac- 
ities for each 6-in. decrease in trommel diameter. Truscott’s figure is 0.5 ton 
per 24 hr. per sq. ft. per mm. Holbrook and Fraser give the rule for capacity 
on coal that 3 to 4 sq. ft. of screen surface is required per ton per hour per inch 
of aperture, with an increase of 50 per cent. in the area required if the coal is 
damp. Lincoln (11 Bul. UI, No. 9) gives data concerning the performance 
of a considerable number of revolving screens working in Illinois bituminous- 
coal washeries. Average capacity (19 screens) in sizing raw coal, l-in. to 
3-in. maximum size, over round-hole plate with 34-in. to 234-in. openings 
was 0.36 ton per sq. ft. per 24 hr. per mm. of aperture and the range was 
from 0.05 to 1.20 tons. When re-sizing washed coal that had been sized prior 
to washing, the feed ranging from 3-in. down to 34-in. maximum size and the 
screen apertures from 214- to 14-in. round-hole, the average capacity (41 
screens) was again 0.36 ton per sq. ft. per 24 hr. per mm. and the range from 
0.04 to 2.00 tons. In sizing washed coal, the feeds ranging from 31%- to 3¢-in. 
maximum, and the screen apertures from 2- to 14-in. round-hole, the average 
capacity (29 screens) was 0.66 ton per sq. ft. per 24 hr. per mm. and the range 
from 0.12 to 2.80 tons. In draining or rinsing washed coal on }¥¢- and 340- 
in. screens, capacities were 4.30 to 5.30 tons per sq. ft. per 24 hr. per mm. 

Efficiency. Averages from Table 26 show that the oversize from coarse 
(plus-0.5-in.) dry trommels contains about 15 per cent. undersize, while 
that from fine (minus-0.25-in.) wet trommels contains about 30 per cent. 
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Efficiency reckoned as percentage recovery of undersize may run as high as 
80 per cent. in }4-in. dry trommels. In wet trommels 45 to 70 per cent. is 
the usual range, but the figure may drop to 10 per cent. or lower when there is 
Table 28. Life of punched plate on trommel much material in the feed near 

screening hard quartz ore. (After Forbes) the size of the screen opening, and 


the trommel is overloaded. 
Diameter of Mhicknessio# |r soneoned Life of covering on trommels 
holes, inches plate is given in Table 26. Forbes (43 
% ate 21,000 A 487) gives the data in Table 28. 
% M4 in. 21,000 Apvanvacrs of trommels are sim- 
Ho 10 gage 18,860 plicity in construction and operation, 
1.5mm. 16 gage 5,850 freedom from vibration, small loss of 
| head room and general ruggedness. 


; DISADVANTAGES are blinding, difficulty 
of repair, low capacity per square foot of screen surface and low efficiency. 

Bunker Hill screen, developed and used at Bunker Hint AND SULLIVAN 
Mining Co., is a variety of revolving screen in which a conical screening sur- 
face is made to revolve around an axis 
inclined 45°, (See Fig. 22.) It is for fine 
screening only and: has not been used 
extensively. The screening surface is car- 
ried on a light framework attached to a 
trunnion, which revolves in an_ inclined 
bearing, revolution being accomplished by 
means of a bevel gear, bevel pinion and 
pulley. Feed is introduced through a box 
set to deliver pulp tangentially to the screen 
surface near the top of the down-coming 
side. Undersize collects in the conical 
housing and passes out through the chute yy, 
shown, while oversize passes to the apex 
and out through a hollow trunnion. Water sprays are provided as shown, 
the interior one adjustable. Average speed is 20 r.p.m. Capacity, with 
Table 29. Average capacity of Bunker different sizes of screen cloth is, accord- 

Hill screen. (Hendrie and Bolthoff) ing to the manufacturer, as given in 
Table 29, 


At Bunxer Hitu ano Suuurvan (8 MM 46) 
a screen with 22-mesh cloth handled 50 to 8C tons 
per 24 hr. of —2-mm. feed, or 4.5 to 7.2 tons 


. 22.—Bunker Hill screen. 


Working load, 
Mesh tons per 24 hr. 


6 Fis iegrye steps tecnte +55 2 i per sq. ft. per 24 hr. per mm. The volume of 
i Bio Sidiioeninlp oe yawn “3 feed should be kept down to 150 gal. per min. 
x Bn. cS ciate ta oe at 6-mesh, 100 at 22-mesh and 80 at finer meshes. 

At. aR erebere pots e AeHaK Life of 22- h steel-wi ; = 
a Sj lsat ala Up to 30 (me) mesh steel-wire screen at Bunker Hill 


and Sullivan was 13 days. Oversize contained 
10 per cent. undersize, 


6. Shaking screens 


Description. Shaking screens consist essentially of a shallow rectangular 
box two to four times, or more, as long as wide, open at one end, fitted with 
a screen bottom and shaken by means of a suitable mechanism which alone, 
or in conjunction with the slope of the screen surface, moves oversize to the 
discharge end. The method of support of the frame and the means of shaking 
vary considerably. In the oldest and simplest form the frame is supported 
on four vertical rods or chains at the corners and actuated by an ordinary 
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eccentric. The motion under such circumstances is substantially straight-line 
harmonic motion and the screening surface must be given a slope of 10 to 15° 
in order to move material, or the forward stroke must be ended against a 
bumping block. The use of bumping blocks produces excessive rack and vi- 
bration on the screen frame and supports. By inclining the supporting rods 
backward from the vertical at an angle of about 15° (Ferraris support), the 
motion of the screen surface is upward at the end of the forward stroke and 
sharply downward at the beginning of the backward stroke, with the result 
that the screen drops away from under the load and the material moves ahead 
with a series of jumps. This motion is accented by shortening the suspend- 
ing rods. The same effect, even more sharply accented, can be obtained 
by mounting the screen frame on rollers and shaping the track to give a sharp 
upward movement at the end of the forward stroke. Occasionally, with 
track support, the track is also turned up at the end of the backward stroke, 
in order to give some backward travel of the material and thus increase the 
length of path and multiply opportunites for undersize to pass. Table head 
motions, which impart a differential, quick-return movement, are suitable 
only for relatively short strokes (1.5 in. or less) and relatively small screens. 
With mechanisms producing differential movement the screen surface need 
be mclined only slightly or not at all in the direction of flow. 

Speed, slope and length of stroke should be adjusted to produce rapid 
stratification of the feed, quick forward movement of the load and minimum 
blinding. If speed or length of stroke is too great, material is thrown bodily 
away from the screen surface and stratification is effected slowly, if at all. 
On the other hand, if there is too little throw, the screen blinds badly. Slope 
is adjusted so that with a proper speed and length of stroke there is sufficient 
throw of material away from the screen surface to prevent blinding. Speeds 
in practice range from about 60 or 70 @ 9-in. strokes per min. to about 400 
@ 34-in. strokes. The average for coal shakers is about 100 @ 6-in. strokes 
per min. A common rule for design of shaking coal screens is to make the 
product of stroke length in inches by strokes per minute equal 600 and to 
slope the screens about 14° for coarse coal and 18 to 20° for fine. Holbrook 
and Fraser state that these slopes should be reversed on account of the greater 
impulses, normal to the screen surface, required to clear coarse perforations. 
Assuming that the load moves forward with the screen but has no backward 
movement the general rule above gives the coal a forward velocity of 50 ft. 
per min. and some designers thus state the rule (2 CA 352). 

If there is any considerable amount of lost motion or back-lash in the 
eccentric or suspending mechanism the action of material on the screen may’ 
be entirely different from that with the same mechanism with no back-lash. 
Suspending rods made of ash boards, 1- by 10- or 12-in. in section, attached 
rigidly at both ends are very durable and have a tendency to reduce back-lash. 
Table 30 gives data on shaking screens in various concentrating mills. 

Capacity ranges from 2 to 8 tons per sq. ft. per 24 hr. per mm. of aperture. 
In de-sanding pebble phosphate 15 to 20 tons per sq. ft. per 24 hr. per mm. 
is sent over 34-in. screens in a 3-in. bed with 400 to 500 gal. per min. of wash 
water, but the screening is not efficient. Wiard (Liddell) gives a formula that 
reduces to 7 = AR/6P as a maximum theoretical tonnage for shaking screens 
where 7’ = capacity in tons per hr. per ft. of width; A = average between 
screen aperture and preceding limiting-screen aperture, expressed in feet; 
R = rate of advance of material over the screen in inches per min. = shakes 
per min. X amplitude of shake; and P = ratio of weight of oversize to total 
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Timber 
Butte(c) 


Pulsating, 
24 X96 
350-450 


0.8-1.0 


SIZING 


Zine Cor- 
poration (b) 


"24X93 
"20. 


6.7 


St. Joseph 
Lead Co. 


Ferraris 
29x89 
Level 
260 
1,25 
RB 
0.079 
18 ga. S 
10,500 
0.75-1.5 
300 
18.7 


8.35 


S = Steel. 


Phelps-Dodge Co., 
Morenci Branch 


8X48 
Ye 
385-400 
OnrS 
Ww 
0:25 
No. 072 brass 
5250 
1 
150 
250 
26.8 


4.2 


Woven wire. 


Ww 


7.6 


Old Dominion 


2.0 and 2.6 


P = punched plate. 


A 916. 


Performances of shaking screens in metal-concentrating plants 


Table 30. 


Mill 


bh 
foot per 24 hr. 


Ole APES - ee hac Sees Ee cae alate ee GB a eer ong E 


re foot 


Material......... 
Life, tons of feed. 


Horsepower consumed... 


Aperture, in... 
Equivalent total tons per square 


Dimensions, width X length, in. 


Slope, inches per foot 


Strokes per minute. 
Tons of total feed per 24 hr 


Tons of new feed per 24 hr. 
Tons of total feed per squa 


Length of stroke, in. 
Screen surface...... 


"Ey De Sapieee. weeds Bota. Ses Oe 


6 118 P 89. 


See 61 A 417. 


a Wet. 


Sec. 5 


feed. This formula gives. results 
lower than those shown in Table 30. 
In screening bituminous coal, capa- 
city is usually considered to be a 
function of width only. Holbrook 
and Fraser (Bul. 234, USBM) give 
Table 31 as representative of com- 
mon practice. The 1.5- to 2-in. slack 
screen is the minimum aperture. 
These writers also give a table used 
by certain designers of coal tipples 
which shows an allowance of 1 sq. ft. 
per ton per 24 hr. per mm. of aperture 
for screens handling 125 tons per hr., 
but for four times this capacity the 
area allowed is less than twice as 
much. Another table covering prac- 
ticeat 43 Central Interior mines (bitu- 
minous) shows 2 tons per sq. ft. per 
24 hr. per mm. for slack screens at 
small mines (less than 1000 tons per 
8 hr.) to 5 tons per sq. ft. per 24 hr. 
per mm. at mimes handling upward 
of 4000 tons per 8 hr. The writers 
ascribe the higher tonnages handled 
per sq. ft. on the large screens at the 
large mines to uniform, well-distrib- 
uted feed and the use of a coarse 
relief screen above the slack screen. 
Lincoln (141 Bul. UI, No. 9) gives 
data on a number of shaking-sereen 
installations in Illinois coal washer- 
ies. The average capacity in tons 
per sq. ft. per 24 hr. per mm. of 
aperture for 23 screens with round- 
hole punched plate, ranging from 
¥Y-in. to 2)4-in. openings, was 1.1, 
with an extreme range from 0.04 to 
3.1 tons. For screens in dewatering 
service, with ¥/.- and -in. round- 
hole punched plate, capacity was 
from 8.4 to 10.1 tons per sq. ft. per 24 
hr. per mm. Roberts and Schaeffer 
(PC) recommend 30 to 50 tons per 
hr. per ft. of width for picking and 
50 to 75 tons for slack screens. 
Anthracite shakers are run at higher 
speed and with shorter stroke than 
bituminous shakers. Table 32 made 
up from Ashmead’s description of the 
SusqurHANNA Couimrins Co. (66 A 
422) shows a much larger feed rate 
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per sq. ft. per 24 hr. mm. for the fine screening than for the coarse. This is 
partly due to the fact that specifications for fine sizes of anthracite are 
much less rigid than for the coarser sizes and partly due also to the fact that 


the coarser i 
Bre as Table 31. Width of screen for different tonnages of run-of- 


are un der-loaded mine bituminous coal 
while the finer are ; 
overloaded. Areas of R ; 

; : ay She ound-hole | Lip screen, 
shaking screens in Pappgis. pet Shr, day, tons plate, feet feet 
Dunmore breaker of sis eg ji 
PENNSYLVANIA Coat | 1990 to 2000.00 02 rut Soh ana 
Co. (22 CA 785) for | 2000 to 3000................. 8 6 to 7 
4000 tons per 8 hr. 300060540004: oe ae. ea 9 7to 8 
are: Lump size, 90 Over: 400 OAR cgi AE os oe 10 8 to 10 


sq. ft.; grate size, 225 = 

sq. ft.; egg, 609 sq. ft.; stove, 360 sq. ft.; chestnut, 648 sq. ft.; pea, 180 sq. 
ft.; No. 1 buckwheat, 180 sq. ft.; rice coal, 216 sq. ft.; barley, 216 sq. ft. 
Table 33 (22 CA 5) shows the areas of the shakers in another anthracite 
breaker, with the ton- 


Table 32. Tons of anthracite per square foot of shaker-screen 


surface per 24 hr. per mm. of aperture. (After Ashmead) nages of feed and 

oversize handled. 
Tons per Power consump- 
Screens for separating Sereen, square foot | tion for screens hand- 
aperture in. per 24 hr. ling coal averages 

er mm, 
uh from 0.04 to 0.05 hp. 
Deri) MAN 1b Bares ee eee 246X314 0.52 per sq. ft. of screen 
Stowers rcraay asta rs lie aldo 1146x256 0.64 surface when the 
“Sy ISNT CR ee ne oO eT oe 146X116 0.83 3 

(eas Rear ae te ae Mae 54X1546 1.20 screen 1s run at aver- 
Ck wheattee tt. Liao BKK 5% 1.68 age speed and with 
TSIOGTE Beers Gane ee Ce ee ee Yyxie 2.15 average load. In- 
“SOG! Er ely Sey nn eee ae 342 x14 | 5.00 stalled horsepower 
is 1.5 to 2 times the 


average consumption. Screens handling ore are ordinarily run at a much 
shorter stroke so that the screen travel in feet per minute is only about half 
of that of coal shakers, but the load per square foot is much heavier. From 


the cha Sad data in Table 33. Areas of shaking screens at Seneca breaker of Lehigh 


Table 30 it would Walley Coal. Go: 
appear that power 
consumption is be- see por R hr 
tween 0.08 and Size Dimensions 
0.11 hp. per sq. ft. a, ane) 
of screen surface. 

Sereen banks | Broken.............. 5X20-ft. 8in.| 1584 216 
making several dif- | Beg................. 5X20-ft. 8 in. 918 20 

Deere eat Kee ee 5X22 ft. 10 in. 834 14 

ferent products are, | ious 5X22 ft. 10 in. 695 189 
arrangedeitherwith |yye 0 5X22 ft. 10 in. 506 259 
the different screens | Pea................. 5X 22 ft. 10 in. 248 58 
; : lane | Buckwheat...........| 5X22 ft. 10 in. 189 69 
i the ot P . Lee ee ee ee wae a 5x31 ft. 11 im: 120 48 
with all feed gomg | paney 5X31 ft. 11 in. 72 50 
over the finest 


screen, or with su- 
perimposed boxes driven by the same mechanism, with the coarsest screen 


in the uppermost box. In either case speed and amplitude must be a 
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compromise and since long slow stroke is necessary to move the coarse mater- 
ial, fine screening suffers. 

Applicability. Shaking screens are used to the greatest extent in coal 
dressing, where they have substantially displaced all other types, and in treat- 
ing certain non-metallic ores such as those of phosphate and asbestos. They 
are used both wet and dry, but consume excessive amounts of spray water 
when used wet. Many attempts have been made to set the screen so that it 
moves up and down through the surface of a body of water, but this involves 
mechanical removal of undersize, which has not proved successful. Shaking 
screens are not suitable for treating clayey ores on account of the readiness 
with which clay balls form on them. ‘Their suitability for coal washing is 
based upon the fact that they load and discharge with but little vertical drop 
and do not subject the coal to much tumbling action during screening, hence 
there is but little breakage., Another advantage is that by extending a 
screen over three or four loading tracks, slack may be loaded into a ear on 
the track nearest the feed end and progressively coarser sizes into cars on suc- 
ceeding tracks. Blank plates cover the space between tracks. Thus mounted, 
the screen is both a sizing device and a loading conveyor and is frequently 
so used in bituminous-coal tipples. 

The principal pisADVANTAGE of shaking screens is the high repair cost 
due to rack and vibration. This applies not only to the screen itself but to 
the supporting structure. In order to minimize the effect on the structure 
two screens are frequently mounted on opposite sides of the same drive shaft 
with eccentrics at 180°. Even this is insufficient, however, to balance the load 
because of the difference to be expected in load of material on the two screens 
at any given instant, hence many designers make the shaking-screen support 
independent of the building frame, in order to localize vibration and not rack 
the entire building. 

Anti-gravity screen is a shaking screen with a deck about 3 ft. wide by 7 to 8 ft. long, 
fed at the mechanism end and sloping upward toward the discharge end at an angle of about 
12° with the horizontal. Under the screen deck is a blank deck, which slopes upward toward 
the discharge end at an angle of about 7°. The decks are about 12 in. apart at the dis- 
charge end. Forward travel is attained by supporting the shaking frame on sloping cast- 
iron sliders, so that the deck falls away from under the materials on the backward stroke. 
The screen is run at 350 @ 1-in. strokes per min. Capacity at this speed at Sr. Louts, 
Rocky Mon. anv Paciric Co. plant at Raton, N. M. (23 CA 791) was 30 tons per hr. of 
—1-in. feed over a battery of 5 screens in series, with 34-in. and %-in. square-mesh wire 


and 3¢-in., 3{6-in, and i6-in. Ton-cap screens respectively. At 300 strokes per min. the 
capacity was too low. 


7. Vibrating screens 


General. Vibrating screens developed from shaking screens in an attempt 
to overcome the blinding that the latter suffer when screening fine dry mater- 
ial. They differ from shaking screens in that the motion imparted to the 
screening surface is rapid, vigorous movement of small amplitude in a direc- 
tion substantially at right-angles to the screening surface. Ordinarily the rate 
of vibration is very much greater than that of even the most rapid shakers. 
The early forms produced vibration by hammering the sereen surface, either 
directly or through small anvil blocks fastened thereto, but in such mechan- 
isms vibration was of low speed and decidedly localized. The next step in 
development was vibration of the screen frame as a whole. Several forms 
of pulsing, waving and vibrating screens were built on this principle. The 
Colorado impact sereen was the most successful of these early types. The 
final development was attachment of the vibrating element of a high-speed. 
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vibrator directly to the screen surface usually near the center. Of this type 
the Mitchell, Hum-mer and Leahy are the best known. ae 


Table 34. Performances of Colorado impact screens in metal-concentrating plants 


Braden 
Plant Copper Tungsten Mines Co., 
0. 
Size, width Xlength, in......... mater atcnecsettee 36 X 36 36 X 36 36 X 36 36 X36 
Wlope, nches*per fooweiin WIG IROU:, Sh Ee 8 8 8.5 
Speed, knocks per minute..... 
LOC MIAN Lara rs cles Taycncin var toveuscocevsncze cons 
Sereen- aperture; ins!) DN i 
Sereenbnaterial! . 2% Wowgck edhe. of Somn- 
| Sereen life, tons treated..... 
Horsepower installed. ... 
IGiRep O wemecousumed aryst rll accyiic aura hie shite thei < Ahi tp. oR wee « \'n\ae aaudine Gl ects ocoue 
elons.of new feed-per 24 hr... .0cecscccee. 282 240 240 80 
| - Tons of total'feed per 24 hr.............. 282 240 888 185 
Meyaten gallonsperhourire. b.2n. tel. BS afoen oad ssi eeweess |i ee ees ec losed ceoams 
Equivalent tons per square foot per 24 hr., 
ierembaperture aos} Ie WO iy Tt easy 2.5 ined 2 6.8 
Per cent. undersize in oversize......... es 23 MS Atte te FEM | Mohs bho, eons es || ORAARSTE Seta 
Be ltticiency, per cent.(6)......+2. cess ness OOrek  tetcic ties oe 82 65 
St. Joseph 
Plant Alaska Gastineau ge Co., 
iver- 
mines 
SIZ, Wid bly < Lengel AN a5 2 loscc6:0\0iecdolere ever overs 32.540 33.5 54/33.5% 54] 3648 
Slope pinches PerWoos 4 « b.-.j0r6nlevsidbe.c.sves. 00.0 8.5 8.4 8.4 8 
Speed, knocks per minute..............-: 498 660 660 450 
I ELOM OM LU et ied von tapes ried ererewanete eterarece rastorereeyirs 0.125 0.125 @.125 0.25 
Screen apertuneyiiciiiae aula ohimab tiene bls 0.083-0.108 125) 1.25 0.079 
Pereenwmrateplalare. x ctoeen oe rovers altieeere ae .028’’—.035” W |0.375’”" W\0.375” W W 
mereen life, tonestreated. ..c<c esc eeerccers 4165 75,000 | 124,000 3600 
Horsepower installed...............00-5- te Peat, eal 25 
Horsepower consumed...... wee 0.75 1 1 0.5 
Tons of new feed per 24 hr..............- 167 2500 1667 250 
Tons of total feed per 24 hr.............. 833 2500 2750 450 
Water eallons per HOUT ame ae tet anrciers Meken tol teen ore lciote sloyatertis [js ote stopernur' Ie ickon nad abe 900 
Equivalent tons per square foot per 24 hr., 

Nem. Apertures. cio. . ) dak bise po) cules 4.4-3.4 6.3 6.9 18.8 
PPOTECEN Ter UNCCLSIZe-TNNOMEDSIZE 8 « Reka eet scale Saaerebe st sale she | euctnatene nn 'onl| rat reierailer ele ecaie ts. sii 
Pficieney~per_cent..(D).o.)n.in ee emee ess. se 2 75 75 70 

Chino 
Porphyry|Braden| Cons. ee 
Plant copper |Copper| Copper | Granitic zine ore 
mill Co. Co. 
Size, width <length, an.. o2 ui <\s ete ee 36X48 |36X48| 36x48 36X48 | 36x48 
Slope, inches per foot.............0+...- Salgeahie et. 8 6 6 
Speed, knocks per minute...........----- 576 600 750 78y 60y 
SETOKO patie etree | -foaie/o oie +.5 oie Wevale actenal- CO) 5 inane lideeneee 0.25 0.5 eeu 
Hereen Aperture, IN.cv. 2... ese eee ne B otasstre 0,120" 075 0.087 |9-mesh (| 0,021 
OKECUsMALeria le Muh ys erent auorits eels oe Ss. 0.080” W]...... WwW w WwW 
ciate Tifles vonsstreated.. ays 1-2 «1 sles eis nti 2700: Gleri:. 5 5000-6000 660 240-180 
Horsepower pees ea Pe rs einai ck can: cain cx uae ks t Oe ee 
wer consumed........ eG es eae eae sth ; 
ete MewaleeGppeE 24e Rr. wb ciacsieinte oss = 200-250 |} 360 | 300-400 166 60 
Tons of total feed per 24 hr............-. 600 360 600-900 AG Sl naan 
Water, gallons per hour... See Paik SOOO Me nec AS OOM arare evape orale cise eakons 
i er square foot per 2 

ab agealied ed ya ‘ As ele: cee c PRE EG 16.4 2.4 SS aa MN Mts ions ato 4,9-9.4 
Por conte indereize 1 OVETBIZC., +e acjes scale easter fee re elec ee NS Sekos ws Oiatfo.c Le 
Efficiency, per cent.(b)... 0.0.26. e ee eee e fect fe eens AAS BOS Sh. CA went 


b Recovery of undersize. W Steel-wire cloth. y Revolutions per minute of pulley. 
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Colorado impact screen is shown in Fig. 23. 


SIZING See. 5. 


It consists essentially of the 


weoden frame (A) which carries the screen cloth and an undersize hopper 
(Z), mounted on two elliptical wagon springs (B) which are fastened to 


Fie. 23.—Colorado 
impact screen. 


the supporting frame. A shaft carrying multiple- 
armed cams (D) and pulley-driven is also mounted 
on the supporting framework. Revolution of the cam 
depresses the screen frame, which, on release, springs 
forward against bumping blocks on the framework. 
The usual speed is about 600 knocks per min. The 
sereen surface is set at -a-slope of about 40° from the 
horizontal. The screen is made in two sizes, viz.:. 3 ft. 
wide by 3 ft. long and 3 ft. wide by 4ft. long. Screens 
may be superimposed, as shown in Fig. 23. Table 34 
gives. data concerning installations in several mills. 
It indicates an average capacity per square foot of 
sereen surface per 24 hr. at 1-mm. aperture of about 


5.5 tons for dry screening and about 20 tons for wet screening. An efficiency 
test on impact screens at Ray Cons. Copprr Co. is shown in Table 35. 


Table 35. Efficiency of Colorado impact screens at Ray Consolidated Copper Co. 


Aperture, | Character ihone wer Undersize _Undersize Efficiency, | Efficiency, 
ines Of fed 24 hr. in feed, in oversize, per cent. average 
| per cent. per cent. (c,d) per cent. 
0.086 a 43 30.8 | 15 60.8 68.3 
0.086 | b 465 | 55.8 | 49.3 22.9 29.1 
| { 


| 


a Original mill feed, open circuit. 


b Original mill feed, plus oversize from rolls c One 


test. d Recovery of undersize. 


Mitchell screen (fig. 24) consists essentially of the screen (a), stretched to 
drum-head tightness by means of tension rods (6), suspended by side plates 


(c) from the ends of the vibrator 
_(d), which, in turn, is supported at 
the center only in cradle (e) from 
the main frame. Detail of the 
vibrator is shown in Fig, 25. It 
consists of a motor (A), in a dust- 
proof frame. Two ball cages (D) 
carried on the ends of the motor 
shaft revolve inside the cylindrical 
ball races (#). One set of balls only 
is placed in each ball cage and these 
sets are spaced at 180° on the shaft, 
as shown. When the motor shaft is 
revolved, the unbalanced load of 
the balls against the races com- 
bined with the gyroscopie action 
of the rotor causes each element of 


Fria. 24.—Mitchell sereen. 


the motor housing to generate the surface of an acute double cone with com- 
mon apex in the vertical plane through the center of the suspending cradle. 
This motion is transmitted through the side plates (c) (Fig. 24) to the 
screening surface. The motor speed is about 3400 to 3600 r.p.m., producing 
the same number of vibrations. Intensity of vibration is varied by changing 
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the size or number of balls in the ball cage. Power consumption is from 
34 to 4% hp. fora 4 X 6-ft. screen. Slope of the screening surface is about 
35 to 40° and may be 
varied while the screen 
is in operation. The 
path of the cross wires r fae 
of the sereen under the 
influence of the vibra- 
tor is circular, the direc- 
tion of rotation being 
determined by the di- 
rection of rotation of Fig. 25.—Vibrator of Mitchell screen. 

the rotor. When the 

direction of the vibration of the wires is such that the movement at the top 
of the path is up-slope so that the wires are driven into the mass of down- 
coming material, maximum efficiency is obtained. Capacity on ores is about 
11 tons per sq. ft. per 24 hr. per mm. of aperture. 

Table 36 gives some tests on coke and bituminous coal. The tests on 0.25-in. screen 
show that the capacity on both coke and coal is about 8 tons per 24 hr. per sq. ft. per mm. 
The screen is clearly underloaded with the coarser cloth. The tests show also that, as the 
percentage of undersize in the feed increases, the tonnage that can be passed per millimeter 
of opening likewise increases. The tests with 0.25-in. coke indicate that a slope between 30° 
and 39° is better than a smaller slope. The effect of excessive moisture on screening is em- 
phasized by the first test with bituminous coal. The experimenters noted that 50 to 60 per 
cent. of the holes in the screen were blinded by fine coal during this run. A given per- 
centage of moisture is not so harmful with coke as with bituminous coal, due, no doubt, to 
the fact that much of the water is in the pores of the coke, and therefore has no effect on the 
behavior of the coke surface while much of the moisture in the coal is at the particle surfaces. 

Hum-mer screen is a high-speed vibrating screen in which vibration is 
attained by means of a solenoid-buzzer mechanism with the moving part 
attached to the screen cloth. A diagrammatic sketch of the vibrator is shown 
in Fig. 26; (c) is the electro magnet, (h) the armature, to which is attached 

“ the post (7), which in turn, is 
attached through the foot (j) to 
the screen cloth. The amplitude 
of vibration may be varied by 
depressing the armature by 
means of the hand wheel (a). 
The upward motion of the 
screen terminates suddenly when 
the armature hits the striking 
block (e). The vibrating mech- 
anism requires 15-cycle alter- 
nating current, hence ordinarily 
a special generator. A I-hp. 
motor will drive a generator to 
furnish current to two vibrators. The usual size of a unit screening surface 


for ores and the like is 3 ft. wide by 5 ft. long, for coal 4 ft. wide by 5 or 7 ft. 
long. The 7-ft. length is sometimes built with two vibrators, an extra- 
powerful one to vibrate the upper 214 ft. Screen tension is varied by means 
of tension rods. Both tension and amplitude adjustments may be made 
while the screen is in operation. Performance is materially affected by these 


changes. Vibration should be such that the material is lively, yet hugs the 
screen surface and travels rapidly. 


Fie. 26.—Vibrator for Hum-mer screen. 
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Table 38. Performances of Hum-mer screens 


Shattuck- 
; Arizona od 
Mill Cape Morenei (c)|.U- S: 8, R. & M. Co. 
Size, width ><length, dines tren. eceianh doe, 36 X 60 36 X60 72X60 72X60 
RHODE ROCURORS Me te meme nar tio cictee 35 38 31 31 
Speed, vibrations per minute............. EETBOO LE 22 PIAS ER eee ee 

: - 0.0445 0.0087 
Screen, Bperhire; lle eas. eich ot Mie uve ise. ee 0.5.x 1 0.28x { and 0.0140land 0.005? 

BYTATeris ete eee cheese =. MASSON oes. | Cor Millbrook oft Api pace oad eee 

Life -tonsstréabedsssi0%s sissies doe ae 3120 ~orlbenet ames ye te k eee 
Eforsepowerpinstalled:..4...0. 0. nccd oss c a) ee ae h h 
HLOVSE DO MmeLLCONSUNIE Gir br om ic.c > steiner cle eek g/t Getta. ae eek i i 
Tons of new feed per 24 hr............... 720-840 1000 1089 g 
Tons of total feed per 24 hr.............. DOSOM Il wee ee cecsee 1449 g 
Water callons perthours 729.0. acc cauyes: Dry Dry Dry Dry 
Equivalent tons per square foot per 24 hr., 

ao t-mam.japertures. .2Gh «oie. uc ke.. LS 11.5 4.21 + +1) 5S 
Per cént<undersize mm oversize... 2... $60 4 AG Lebel oes j j 
Mimioiency, Wer Cent. (D). thy seen eis suc see ae High 93 | ostlesteno- about sranieee 

er : 
urg Braden Braden 
‘ oats Talache 
Mill Mining Dem Copper Copper 
i Mines Co. (Ce Co. 
Size, width <lemyennine ote. ee te eee ee 36 X60 48x60 | 4860s 48 X 60s 
Slope Me pT Ces wince ipa store fates Ras RST EET OS 30 SO Se wy lin acsuac-a Mh oc. ee As 
(Bye i, NV LOWES AGTH SS Oe) ye deta ns saa le vel edt yng et al 7 |e em eae ee oe i iene 
{ 0.150 
Herecn, Apertureplit. ss Se ee eee ‘ 0.084 0:75 1.07 1.25p 
{| 0.0315 

Material Dtaiinck skelie see eee. Gees PUI ee ta, So's VA -ADEPEO Al we, seretcas 

TEES TOMS ELE ALCO oy say 5, cones shred eieeige ers I AS00—6 7 ON || nia. tevacnenoil walls tus ee fees 
ERONSED ONVEL MINS EMO eres ais carts. Fm « bogoPirnl lyri ote yikes Sante coe erocnay othe eee Veen etal bes ctl earch ace 
DIOESPDOMLCITCOMSUTNOG ML. t.ho tthe cokers tl lbos vot: s coe lice tie rarerars ul & hoitportersictaaiitrs cage aes 
‘ons of mew feed per 24 bri... a 408 1440 2040 4080 
fons! of total feed per 24 hr. oe. bs Se No return | No return 3600 7200 
Water, callonsipershoutsct% i ol ek as Dry Dry Dry Dry 
Equivalent tons per square foot per 24 hr., 

Abe Da Ub ETE ULE sorted sy 47e8. Raecte ayhuwniythen tl Ssigsy albel sua vdeo 3.8 (0) CAL Lins 
PemCont JUNOSESIZEND OMCTSIZE. a nen» neice 2 OV oarate + 6 etdRlomiberiny otns \. [dais lécics cid Mie omnta ae « 
IEIGICIEMCY,, PCRACCTLLY (CO)RG:. «fous. ¢ x op suebicatuetln is oon o 6 ION |e meh merge an be ay a pial stare ey ee 

Braden | Braden | Braden |Calumet] Calu- 
Mill Copper | Copper | Copper & met & 

Co. Co. Co. Arizona |Arizona 
Size wwidtn <lemevhy, IN. wan « < she 6 eedya ease ues 48x 60s | 48 X60s | 48X60s | 4860s |48 x 60f 
SLO MOMCOMT CCST amen were ths cate am eteiets client int Payer n gine iflcus S*ecpie. wiGi)|'s  anoue va ace’ | padiina ae 
Soeetadbratrous per Wntrute.s... cm genne.. «toed cng tee. Si daye ofan Oe ene oie Pas iebectyay i 
ISCLOBMMADELLUTE, IME. costume eieaiews 0.338 1.25 5% 8 3% 

g 54 6-in. 0.207 

INE Stl ne ee oe ee ee A een n ee paren ates \ eee aera 

ite, bons) treated 15) ata. alized Horak. Taropsei ds Ee I HG AIO IR BW | Oe b, 
oEsepowerinstalledape saci. 5 6. davikempche te. Kawase AM ello GEE: o)|'< oes eee Ae ehece enone [Re sic tose 
PLOTS O MEL COMSTUIN CO ace mieucerenecenonenere rere ie rrareret tos tole aee aes tea ara es fer ereer aie ee ates ease 
Tons of new feed per 24 ‘hr....)..........- DO Seale ts caraey tonenat cacloe ee cea Aileakon ote 
Sons of total feed ‘per 24 br.’ oh... toes on 3000 5830 5830 2700 1680 
Water, gallons’ per heat?) .. 2... OPA Dry Dry Dry Dry Dry 
Equivalent tons per square foot per 24 hr., 

a Etat caperturencaime.. 6... ee. 1 Wy Gees} 9.2 18.4 14.2u 8.9u 
Per cent. undersize in oversize... .........)...025-- q Qi baa Meta She eRe 
EB eieneys-perCents(O) ances i oe Ieee bee ey Dis chilis eens cia ‘90 90 


b Recovery of undersize. c Feed all through 34-in. g 108 tons of new feed per hour 
to 0.0445-in. (16-mesh) scalper screen, undersizes in order to successively finer screens. 
h 2-hp. motor runs generator for vibrators. i About 0.5 hp. for screw-conveyor feeder. 
j See Table 38). k 16-mesh, 135 da.; 40-mesh, 104 da.; 60-mesh, 107 da.; 100-mesh, 
88 da. J 10-mesh screen has lasted 300 days. Screens usually break before wearing out. 
m Mixture of pyrolusite and psilomelane. mn Upper screen. All sereens underloaded. 
o Screen has large excess capacity. p Feed all —2-in. g See Table 38a. r At 0.75-in. 
s Heavy vibrator. ¢ Light vibrator. u About 391% tons per hour passes the screen in 
both of the CaLumptr AND Arizona screens, but the second is in closed circuit, so that there 
is a larger percentage of ‘‘difficult_grains,”’ and it has a light, instead of a heavy vibrator. 


w Steel-wire cloth. x To get 0.185-in. product. 
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Bland (/07 J 1114) states that in some tests with a screen having 24-mesh cloth (0.0287- 
in. opening) at 32° slope, the oversize contained 34 per cent. — 30-mesh (0.0230-in.) material 


when the cloth was vibrated heavily and 6 pet cent. with light vibration. 


When the screen 


was inclined 20°, the corresponding figures were 26 per cent. and 3 per cent., yet sand 
remained on the screen longer at the lower slope with heavy vibration than at the higher 


slope with light vibration. 


tion, screen length and capacity for screening dry and damp quartz sand. 


He presents Table 37 as giving best conditions of slope, vibra- 


Table 37. Adjustments of Hum-mer screen for quartz sand. (After Bland) 


Dry Damp 
Mesh 
8 20 40 100 | 200 8 20 40 100 | 200 
Vibration amplitude (per 
cent.ofnorma]maximum)| 20 5 10 30 40 30 15 40 80 | 100 
Slope; deg. i: acta ok. 26 26 29 32 36 26 26 26 29 32 
Length of screen cloth, in... 14 20 24 30 36 20 24 38 38 50 
Capacity, pounds undersize 
per square foot of screen 
area per hour.......... 500 | 350 | 250 | 120 60 | 400 | 300 | 200 80 20 
Performances of Hum-mer screens are presented in Table 38. 
Table 38a. Sizing tests of feed and products of Hum-mer screens at Braden Copper Co. 
Reference letter (Table 39), q. 
Weight, cumulative per cent. 
Sereen 
F oO U F oO U 
OAS Pty, UP ak, Deere 2 i (0) 2 3 ; 
TYE ERE AS ee eee a SR NS eam is 38 0 15 19.» gl inderomrsrs B 
Teli ss peek ona a eee Reet em mecty * 38 A Na [a Mia ee 3} ASig cltseird: Bes 
Cy Sint: SER oD oie Ee 57 96: thi Bes 57 Toaul fame 
Wie iin 1 Tl eR oe ee (ahs Mea eer mee acho 69 O29 Re 
Sin ween ee een (eee 31 74 98 23 
OaNCS ES ec WE oun eS ce 0) etl cate A's 2 39 80 98 32 
4omegb sd: . hee Moses. eS 83 aodhceth ts... 45 SSeS anne 40 
Gemesld wacek mths te R SET 35 died, eae 52 ete, ae 50 
Semesh. peers aoe oe eee 87 SHS ay bY Cv call Wetegnror ores 57 
TOSineshh) 200 AS SU eh ae 88 97 62 88 99 63 
Gbemeshise Ts sees steed body seated 93 99° 81 93 99 88 
Through last sereen........... 7 1 19 7 1 12 


Undersize 
100-mesh 


Table 38). Sizing tests on products of Hum-mer screen bank at U.S. 8S. R. & M. Co. 
plant. (From C. A. Lemke) 
Feed to . . . 
Séioeh, AO eek ees pata Oversize 
anit (0.0140-in.) ue mes 100-mesh 
Lorkek screen sereen 
28 0.9 ZHO Wry tll erate ea ee ee 
35 0.8 13.9 Of) tt DAG. 7, _ gene 
48 4.8 51.6 3.6 a Gedherede aed 
65 20.6 21.6 30.5 DOK 
100 43.0 7.4 51.1 23.6 
150 11.8 233 (ase) 47.1 
200 12.4 1.0 6.9 21.3 
— 200 5.5 0 0.4 6.5 
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Capacity on ores is 10 to 15 tons per sq. ft. per 24 hr. per. mm. of aperture. 
The capacity is much higher, up to 20 tons per sq. ft. per 24 hr. per mm., in 
gravel screening, where lower efficiency is acceptable. 


Crowfoot (69 A 176) states that in the design for the new Parnurs-Dopar mill at Morenci, 
Ariz., 1 sq. ft. of 6-mesh screen surface was allowed for each 1.5 tons of 6-mesh undersize 


per hour. Table 39 gives results of a test on a mixture of nut and slack bituminous coal, 
Table 39. Capacity and efficiency tests on an electric vibrating sereen treating 
bituminous coal. (After Holbrook and Fraser) 
; |. eae: 
? : : di ; q | r=] 
Screen |Feed rate,| Moisture Tons vie a e aS cis # Be eae i) E 
aperture, tons in feed, ey < ORY a NIE PEO Ree SUS Seales 
inch | per hour | per cent, | P& TH) cat |e ia Ese | See cele ag | ae 
per mm. <5 Re) fo) ° ° ° (=) ‘S) Wl tay 
54 40; Firtbihoe. ely 4.25 SIA. Ga...... 18.8 
Vy 20 8.0 2.5 won to VAL TIALS : 81 dees 12).5 
A 15 6.8 Es 11.7/84.8 5 Ba 3.5 
4% Vea 4.8 3.8 1430) wed. }S ZONE ah Bel cA O. 
Yo 4.4 4.4 4.4 OS eee SiO tae bo 
Yo L8-ahsgathe. 3.6 LED) ec ST 6110:.9 
Yo Os I eae Saree ti cto 3.4 .{11.8/73.7)14.4 


preparing for subsequent concentration. Holbrook and Fraser report 18 to 20 tons per sq. 
ft. per 24 hr. per mm. screening raw bituminous coal over 3/6-in. cloth, and 10 tons per sq. 
ft. per 24 hr. per mm. screening anthracite culm on 8-mesh rectangular-weave cloth. 

A W.S. Tyler Co. representative says (25 CA 762) that an 8 X 5-ft. Hum-mer screen 
with %6-in. apertures will handle 100 to 120 tons of bituminous coal per hour and that two 
4 X 5-ft. screens in tandem screened 180 tons per hr. making — 34-in. undersize, using 
1 %-in. square-mesh cloth, with heavy vibration on the first unit and light on the second. 
The oversize contained 9 per cent. undersize (84-in. round hole) of which 7 per cent. was 
+-in. The undersize contained 4 to 4% per cent. on 34-in. round hole. 

When screening coal with 12 per cent. moisture, the oversize on 14-in. contained about 
8 per cent. undersize; on 1-in., 20 per cent.; on o6-in. over 50 percent. (Arms, 704A 772.) 

At West CANADIAN Co.tiierizs, Ltd., (MCJ, Jan., 1926) the capacities of Hum-me : 
screens used for preparing coal for dry cleaning were as in Table 40. 


Table 40. Hum-mer screens on bituminous coal at West Canadian Collieries, Ltd. 
(After Vissac) 
F Tons per hour 
Screen, f Width of 
aperture, Number o screens, 

ki screens fant : ; : 
zee Feed Oversize Undersize 
3 1 4 148 38 110 
ie 1 4 110 30 80 
\Y 2 8 80 24 56 
Y% 1 8 56 18 38 


Delameter (22 CA 752) states that a 6-ft. screen with 30 sq. ft. of sereening area handled 
80 to 110 tons of bituminous coal per hour on a screen with the equivalent of — %¢6-in. clear 
square opening, with a consumption of 1 hp. The maximum permissible percentage of 


moisture for good screening is 10 per cent. 


Leahy screen is one of the high-tension small-amplitude type, with a 
mechanical vibrator. The elements are a rectangular frame 3 or 4 ft. wide 
and 5 or 6 ft. long, with the lower cross bar adjustable endways by means of 
two tension bolts; a piece of screen cloth mounted on two cross bars and 
stretched tightly by means of the tension bolts above mentioned and two 
others at the upper end as shown; and a vibrating mechanism mounted cen- 
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trally on a bridge between the side bars. Details of the vibrating mechanism 
are shown in Fig. 27. It consists essentially of a multi-armed cam (qa) of short 

= lift, mounted ona pulley-driven shaft (b), which 
Bey Mubber dust 


iy ong, protector Operates a tappet (c) and this actuates a tappet- 


Too/stee! or connecting-rod (d), the lower end of which is 
wae attached to a strap bolted to the screen frame. 
4 Sharpness of vibration is controlled by the coil 
Ne? spring (e), the tension of which is adjusted by 
! nut (f). The usual maximum amplitude of 
vibration is 4g im. along a transverse line 

. directly beneath the vibrator. The usual speed 
is 200 r.p.m., giving 1600 vibrations per min. 
A { ‘The construction of the mechanism is such 
one ce that the upstroke ends suddenly and the down 
stroke starts at maximum velocity, which tends 
a: to keep the meshes clear and imparts-maximum 
ee eee Pes A liveliness to the load. The slope should be 
between 28 and 35°. Power requirement is 

between 14 and 34hp. The weight of the 3 X 6-ft. size complete is 850 lb. 


A3 X 5-ft. screen at the RicHarD iLL, Wharton, N. J., with 0.194-in. square aperture 
at 35° slope and 200 r.p.m. handled 28 tons of magnetite ore per hour, through 34-in. round- 
hole plate, with 3 to 5 per cent. moisture, at an efficiency of 92 per cent. With less than 
1 per cent. moisture the efficiency rose to 98.5 per cent. At the Iron Mountain mill, 
Tron Mountain, Mo., a similar screen handled 19 tons per hr. of wet hematite ore with an 
efficiency of 99.6 per cent. and was underloaded. H. M. Roche (PC) believes that the 
screen could have handled 38 to 40 tons per hr. with 98 per cent. efficiency. These perform- 
ances indicate a capacity of 9 to 12 tons per sq. ft. per 24 hr. per mm. 


Lead-belt screen uses the principle of an unbalanced disk to cause vibration. 
‘The vibrator (Fig. 28) is mounted on two hickory rods (19) carried on the 
screen frame. Shaft (6), driv- 
en by pulley (7) carries, 
keyed to it, the heavy disk 
(4) which is unbalanced by 
coring out holes (9) and fill- 
ing them with wooden plugs. 
The vibration caused by rapid 
rotation (1200 to 1250 r.p.m.) 
of the disk is transmitted 
through ball bearings (6) to 
the hammer (1) of which (2) 
is an integral part. A bronze ‘ : 
bushing (12) and hardened- Fic. 28.—Vibrating mechanism of Lead-Belt 
steel roller (14) are mounted SCICeR. 
on (2) and are surrounded loosely by the oblong ring (16) which is shrunk 
within the upper portion of transmitter (16), the lower end of which is 
attached to a cross-bar on the screen cloth. The roller (14) strikes the 
inside of ring (15) only at the top and bottom of its circular path, thereby 
transforming the circular motion of the hammer into up-and-down motion of 
the transmitter. The spring mechanism (22), (23), (24) and (25) is used on 
large screens to take some of the load off the transmitter. 


At Sr. Josrpu Leap Co. a 42 X 45-in. machine with 1.7-mm. wire cloth screens 25 tong 
per hr. wet, using spray water. The feed contains 45 per cent. —2-mm. material and the 
oversize 13.5 per cent, ~2-mm, At the same plant a screen 33 in. wide X 7 ft. long with, 
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9-mm. screen handles 33 tons per hr. of dry feed at 70 per cent. efficiency. Ata St. Louis 
plant of the LacuepE Gas Co. a screen with %-in. cloth handles 25 tons of coke per hour. 


Advantages of vibrating screens are high capacity, all of the screen 
surface is continually in use, there is less blinding than in other types, and 
greater ease of adjustment. The prsapvanracus are the danger of screen 
breakage if the cloth is too loose; flotation of fines at the surface of the bed 
by upward air currents in screens of large amplitude; loss of headroom in dis- 
tributing feed and collecting products. : 


8. Traveling-belt screen 


Callow traveling-belt screen (Fig. 29) is typical of this class. It consists 
essentially of an endless screen cloth (a) passing over rollers (b) so mounted 
that the upper surface is substantially 
horizontal. Rubber edgings are buttoned 
to the screen cloth to keep material on 
the screen. Feed is distributed over the 
width of the belt by means of a distribu- 
tor, pulp is washed by sprays from box 
(e), undersize is carried away in chute 
(f) and oversize carried over the tail 
roller is washed off by spray from box 
(g) and discharged through chute (h). 
The standard size has two belts, each 2 
ft. wide and 4 ft. center to center of 
rollers. The small size is single-belt, 2 ft. 
wide and about 2.5 ft. center to center 
of rollers. The usual speed is between 50 
and 100 ft. per min., the lower speed for 8- to 20-mesh screening, the higher 
for 100- to 120-mesh. 

Capacity, according to the manufacturer, is given by Table 41. Truscott 
rates the capacity at 4 tons per sq. ft. of total screen surface per 24 hr. per 

mm. aperture. This is substantially 
Table" 41! “Capacity of Callow screen. - the average rate of the tests of Cox, 
Coe Seo a Gibbons and Porter (14 CMI 526) 


screen. 


Tomarotuteadeoer 24h as shown in Table 42. 
Water required is 12 to 20 gal. 
Screen, per min. per duplex screen for 40- 
miceh Standard Small size, to 80-mesh screening. The maker’s 
awry ee ae rating is somewhat lower at coarse 

20 250 62.5 sizes and higher at fine. 

GY a0 RY At Mramz Coprmr Co. standard duplex 
m4 see eee screens equipped with 0.029-in. (0.74-mm.) 
60 ta atte rectangular-mesh cloth averaged 333 tons per 

aw i 18.7 screen per 24 hr. and for a month at a time 

handled as high as 435 tons per 24 hr. The 


pulp contained about 67 per cent. solids and 
no spray water was added. This is at the rate of 20.3 tons per 24 hr. per sq. ft. per mm. 
About 20 per cent. of the feed passed through the screen. Ifficiency was about 60 per cent. 
The total cost in 1915 was $0.00598 per ton, made up as follows: operating labor, $0.00265; 
maintenance labor, $0.00078; screens, $0.00165; edgings, $0.00026; miscellaneous, $0.00064. 
At Untrep Eastern Minina Co. two standard duplex screens, fitted with one 20-mesh and 
one 30-mesh belt on each screen, in closed circuit with Marcy mills took 120 tons per day 
each of original feed plus about 200 tons per day of circulating load or a total of 320 tons per 
day per screen, which is 22.3 tons per 24 hr, per sq, ft. per mm. The two screens ros 
replaced by one Dorr simplex classifier and the capacity of the ball mills was increase 


_to 260 tone. Comparative screen analyses are shown in Table 43. The efficiency of the 
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screen was 48 per cent. The finished product of the screen is somewhat smaller than that 
of the classifier, but against that fact is a set-off of $0.0175 per ton of original feed for screen 
and elevator operation, and 20 tons increase per day in ball-mill feed. 

The tests of Cox, Gibbons and Porter (Table 42) seem to indicate that the efficiency of 
the screen is greater at GO- and 100-mesh than at 20-, 30- and 40-mesh; but the tests on the 
coarse‘screens were all run with relatively high percentages of solid and tests 7 to 10 inclusive 
indicate that dense pulps screen much less readily than thin pulps. It is probable that the 
difference in consistency explains the apparently discrepant drop in capacity per square foot 
per millimeter on the coarser screens. Tests 16 and 17 indicate that 65 ft. per min. is too 
low belt speed for 20-mesh screening. 


Table 42. Performance of Callow screen. (After Cox, Gibbons and Porter) 
Screen Feed rate, | Feed rate, Belt Consiabeney Under- Under- Efi- 
Test sets tons per tons per speed, Of iced size in | size in | ienoy, 
SG iter, foot of square foot feet per cent, feed, over- per 
aa. width (6) per 24 hr. per Bolts per size, Der| cent. (a) 
per hour per mm. minute cent. cent. 
1 0.21 0.53 4.7 90 217 5oeS 40.0 46.7 
2 0.21 0.48 4.3 86 20.9 36.4 14.1 71.2 
3 0.21 0.46 4.1 86 15.6 40.2 16.9 69.9 
4 0.21 0.43 3.9 86 12.2 39.8 P3716) 76.2 
5 0.21 0.94 8.4 86 22.2 21.4 8.8 64.5 
6 0.21 0.35 Seid 86 19.6 42.4 ; 18.2 69.7 
Us, 0.13 0.32 4.6 100 16.9 35.3 13.6 61.5 
8 0.13 0.54 7.8 100 23eS prob 7.0 Baird 
9 0.13 0.28 4.0 100 14.5 Bae Dev GTaG 
10 0.13 0.27. 3.9 100 14.5 13.9 4.4 71.4 
11 0.21 0.53 4.7 90 20.9 20.2 10.3 54.5 
12 0.32 0.80 4.7 80 26.3 34.4 PB) 41.6 
13 0.32 0.66 3.9 80 2576 28.8 14.0 59.6 
14 0.42 0.96 4.3 80-110 29.4 42.1 2727 47.4 
15 0.42 0.70 Ean | 80 23.2 39.8 2352 54.3 
16 0.63 0.96 2.8 65 29.4 73.4 61.1 43.2 
ityg 0.63 0.96 2.8 95 27.0 76.9 62.5 50.0 
18 | 0.63 0.69 2et 80 | 24.4 74.5 Hono 57.4 
\ 
| 
a By recovery formula (Sec. 22, Art. 15). 6 Of total screen surface. 
Table 43. Comparative screen analyses of Callow screens and Dorr classifier at 
United Eastern 
Weight, per cent. 
Screen, Dorr classifier Callow screen 
mesh Feed 7 
Sand Overflow Oversize Undersize 
14 27.0 OO OMe BERS 1 rac geerat a ected ichc, oo, RR dl cs a 
20 11.0 13.0 1.9 53.8 1.9 
28 9.0 9.0 9.6 16.7 ya) 
35 7.0 5.0 10.3 9.8 8.85 * 
48 7.0 4.0 9.8 Sai 8.5 
65 6.5 2.0 8.4 Bie7/ 8.7 
100 5.0 2.0 G2 Pars) 8.0 
150 5.0 Led 6.8 Tes: 9.5 
200 2.5 altans) ones ihedl 8.4 
— 200 20.0 7.0 38.5 5.4 41.1 


Breaking of screen cloth due to bending around the pulleys is the usual 
cause of failure, rather than wear. 


9. Miscellaneous screens 


A large number of screens of various descriptions has been advertised 
but few of them have found more than limited use in the mills. A few of the 
better known of these are as follows: 
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Pratt ore sizer. The screening surface is a six-sided pyramid with base up. 
Suspended within the pyramid is a vertical shaft carrying a box from which 
pulp is discharged through pipes and distributed over the screening surfaces. 
A diaphragm placed centrally collects oversize from the upper part of the 
screening surface and feeds it back into a box on the shaft from which it is 
again distributed over the lower part of the screen. Undersize is collected in 


_ a housing and spouted away from the machine, while oversize falls through 


another spout. 

Drum screen consists of eight plane screening surfaces forming the sides 
of an octagonal prism carried by spiders mounted on a horizontal shaft 
which revolves slowly. Material is fed through a distributing chute onto the 
top screen, undersize passes through the screen and is collected in a trough 
and oversize is washed off into a hopper. 

King screen, which has been used to some extent in BrokEN Hint mills 
(27 MM 331) is of the drum type with screen cloth supported between 
peripheral rods, thus forming the screening surface into outwardly concave 
cylindrical ares or troughs. The usual number of troughs is 12 for a screen 
3 ft. diameter by 3 ft. long. A screen covered with 30-mesh cloth, making 
8 r.p.m., taking about 150 tons of feed per 24 hr. had an efficiency of 59 per 
cent. 

Gyratory screens have been manufactured both for coarse and fine screen- 
ing. Cox SCREEN consists of several superimposed sieves slanted toward 
one corner, all carried in a common gyrating frame driven at 130 to 180 r.p.m. 
It has found some use in coal sizing but the mechanism is relatively compli- 
cated and expensive and maintenance cost is high. 

Screenless sizing may be effected by taking advantage of the fact that, 
when a mass of particles of mixed sizes is shaken so as to loosen the mass, the 
smaller sizes work to the bottom. McKusson-Rice sizpr (Fig. 30) is built 
on this principle. It consists of a y 
series of corrugated decks carried 
on a framework that is shaken 
parallel to the corrugations by an 
eccentric mechanism, the decks 
being sloped at 30 to 40° from the 
horizontal in a direction at right 
angles to the corrugations. The 
standard size of deck is about 
6 X 8-ft. Corrugations are of dif- 
ferent sizes on the different steps 
or decks, the coarsest corrugations 
being used on the first deck. Rate 
of shaking is 250 to 300 strokes 
per min.; amplitude, 74 to 24 in. yy__ 30.—McKesson-Rice screenless sizer. 
Under the influence of the shak- 
ing motion the particles stratify with the coarsest on top and these surface 
particles roll down the slope to the edge of the machine and are caught 
in the proper compartment. The finer material is carried forward by the 
shake and dropped onto the next deck having finer corrugations, when again 
the coarser material comes to the top and rolls down over the balance and 
is caught in its proper compartment. This process is repeated as many times 
as desired and a corresponding number of grades are obtained. Screenless 
sizers have not been employed in ore-treatment plants. 
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1. Introduction 


Classification is an operation in which a mass of grains of mixed sizes and 
different specific gravities is allowed to settle in a fluid which may be either 
in motion or substantially at rest. Sorvtrne is another name for the same 
operation. The fluid ordinarily employed is water, but sometimes air is used. 
The velocity and direction of the fluid currents are closely controlled. The 
following general statements apply to the movements of the solid particles. 

1. The relative falling velocities of particles of the same specific gravity 
and the same shape are dependent upon the sizes of the particles, the larger 
(and heavier) falling the more rapidly. 

2. If particles are of the same size and shape but of different specific grav- 
ities, the most dense (heaviest) particles settle most rapidly. 

3. If particles are of the same weight in a given fluid, but of different 
shapes, their falling velocities will probably differ; particles most nearly 
spherical will fall most rapidly, those most tabular most slowly. 

4. Resistance to fall in a given fluid medium is dependent upon the velocity 
of the falling particle. Resistance varies as the 14-power of the velocity when 
the latter is very small, as the square when the velocity is large, and as some 
intermediate power or powers in the transition range. 

5. Velocity of fall in a given fluid medium, all other things being equal, 
varies as the squares of the diameters of the particles when these are very 
small, as the 14-power of the diameters when the particles are relatively large, 
and as an intermediate power or powers in the transition range. 

6. Resistance to fall increases with the density of the medium. 

7. Resistance to fall increases with the viscosity of the medium. This 
increase is relatively greater the smaller the particle. 

Formulas for falling bodies. When a body falls in a vacuum under the 
influence of gravity alone, its velocity v at any distance h from the starting 
point is given by the equation v = +/2gh, g being the acceleration due to grav- 
ity. Inspection of the equation shows that the velocity at any point is 
dependent upon the distance from the starting point only. If the body falls in 
a fluid medium, its velocity at any given distance from the starting point is 
always less than had the fall been in a vacuum, due to the resistance offered 
by the medium. The nature of this resistance differs according to the velocity 
of the body. When velocity is low, no considerable disturbance is set up in 
the body of the fluid by the passage of the particle; the film or layer of fluid 
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in contact with the particle moves with it while the body of the fluid a short 
distance away is at rest. Substantially all of the resistance to movement is 
due to the viscosity of the fluid. Such resistance may be called viscous 
RESISTANCE. When the velocity of the body is high the principal resistance 
to its motion is that offered by the fluid to bodily displacement from the path 
of the particle. The kinetic energy imparted to the fluid displaced is dissi- 


_ pated in eddying and turbulence. The effect of the viscosity of the medium 


is relatively small. This resistance is variously called EpDYING RESISTANCE 
and TURBULENT RESISTANCE. In all cases acceleration decreases rapidly and 
the body quickly attains a uniform terminal velocity. 

Law of viscous resistance. Stokes, in 1850 (Camb. Phil. Trans., IX) 
deduced theoretically a formula for the terminal velocity of a small solid 
sphere falling freely under the influence of gravity in a viscous fluid. At the 
beginning of such fall the pull of gravity on the sphere exceeds the resistance 
of the fluid and the particle is accelerated. With increasing velocity the fric- 
tional or viscous resistance of the fluid increases until a point is reached where 
the resistance is just equal to the gravity pull. Thereafter the body falls at 
uniform velocity. According to Stokes, at this stage resistance equals 
6ryuaV, where » = viscosity of the fluid, a = radius of the sphere, and V = the 
constant terminal velocity. The “gravitational pull on the sphere is 
447a°g(o — p) where g = acceleration constant, « = specific gravity of the 
sphere and p = specific gravity of the 1 Then 6ruaV = 447a°g(o — p), and 


=e (1) 


ay 


Allen (50 Phil. Mag. 323, 519) has confirmed Stokes’ formula experiment- 
ally for the rise of air bubbles in water and in aniline and for the fall of solid 
spheres in the same liquids. When water is the medium, » and p may be taken 
as constants and equation (1) becomes 


VESTS ONG =i be Or mannan ee teaeuen, Pa @)) 


where K is a constant whose magnitude depends on the units employed. 

Law of turbulent resistance. Newton (Mathematical Principles of Natural 
Philosophy, Book II) states that when a body falls in a non-viscous medium 
the resistance to fall is proportional to the square of the velocity of the body. 
Allen (loc. cit.) has proved experimentally that for the fall of steel spheres in 
water the resistance R after constant velocity has been attained is given by 
the equation 


Bai oO Vat ence iih ae Vag: athiianley ayi(8) 


and that the value of the constant K for these particular conditions is 5.50 
10-4, when c.g.s. units are employed. By equating this value of the resistance 
to the gravitational pull on the falling body a formula for V may be derived. 
Thas 
Kpa?V2 = 44na*g(o — p), 

and oe 

. 4rag(a — p) | (o — p) 

Ve 3Kp eae Es Seem Ce) 


21g 


where D = diameter of sphere and C = 4 3K" 
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Allen’s equation for velocity of fall of spheres in the size range coarser 
than that covered by Stokes’ law (Law of viscous resistance) and finer than 
that covered by Newton’s law (Law of turbulent resistance) is 


2 4% a — ha’ 
pare Id) Ba An paapeernagties ri tb eo 


yp 


where K and h are constants, a’ is the critical radius marking the maximum size 
of sphere obeying Stokes’ law, and » is the kinematic coefficient of friction 
=y/p. Allen’s experiments show that K = nearly 0.5, h = nearly 0.4 and 
a’ = 0.0085 em. Allen found this formula applicable to air bubbles varying 
from 0.13 to 1.10 mm. diameter when rising in water and in aniline; to paraffin 
spheres between 0.69 and 3.16 mm. diameter rising in aniline and to amber 
spheres from 1.14 to 3.46 mm. diameter falling in water. For none of the 
materials do the experimental data indicate that the upper size limit of par- 
ticles obeying the linear equation is reached. The experiments with steel 
balls do, however, indicate that at velocities of about 750 mm. per second 
a change in the resistance to fall occurs and Allen infers that this may mark 
the point of change from the linear equation to the equation involving tur- 
bulent resistance alone. The data tell nothing as to the lower-size limit with 
paraffin and amber. With air bubbles smaller than 0.13 mm. marked diverg- 
ence from the linear equation occurs, but this may be due to solution of the 
air. 

Free fall of mineral fragments in water has been carefully investigated 
by Richards (38 A 2i0). His results on rates of settlement of quartz and 
galena are summarized in Fig. 1. The figures plotted are the averages of 
the falling rates of 100 grains for each size. Maxima and minima vary 15 
to 50 per cent. from these averages. The curves show that for sizes larger 
than about 1.6-mm. the free-falling velocities of the particles in water vary 
as D’. (See lines (a) and (d), Fig. 1.) By writing equations for lines (a) 
and (d) and equating the value of V to the value of V from equation (4) 
the values of C in the latter equations may be found and these equations 
equations become 


‘ Vip 92\/ Dio — 1) forquartz, ey) ine «depnelite) 
an ] 
V = 104\/D(o — 1) for galenasuye dad ite aah ae) 


when D isinmm. and Vinmm. per sec. For quartz between 0.16- and 0.015- 
mm. diameter and galena between 0.12- and 0.007-mm. diameter the free- 


falling velocities vary as D? (see lines (c) and (f), Fig. i) and the equations 
of fall can be written 


Ve 400 D5 io. 1) forquarty, 29 5: irene serene) 


and 


Vem C4002. = 2) LOmealens, «sca teaiencs: xk tan 


with units the same as in the preceding equations. In the intermediate size 
ranges for the two minerals Allen’s linear equation does not hold. The be- 
havior of quartz particles is closely represented by the equation 


Vise ODS ate. A ae 
and galena SinneOesaa 


V = 2638D02% (11) 


} 
| 
| 
| 
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; The specific gravity of the solid is, of course, a factor in the falling velocity 
in this size range, as in the other ranges, but disappears into the constant and 
the exponent of D, due to the empirical method of developing the equation. 
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Diameter of grain, mm =D, 
Fic. 1.—Free fall of mineral fragments in water. 


Table 1 gives falling velocities in water, calculated from the appropriate 
formulas, for quartz particles of sizes corresponding to Tyler testing sieves. 

For other minerals than quartz and galena the approximate falling veloci- 
ties of particles can be obtained by use of the multipliers given in Table 2, 
which is calculated from experimental data given by Richards (41 A 396). 
To determine, ¢.g., the falling velocity of a 1-mm. grain of cassiterite, divide 
by 0.34 to get the diameter of a quartz grain of corresponding settling veloc- 
ity. Substitute the quotient for Din the equation heading the column and 
solve for V, which will be the figure desired. If the equivalent diameter of 
quartz is not within the range to which the equation heading the first-tried 
multiplier column is applicable, use the multiplier in the other column. The 
answer will be an approximation only, but well within experimental limits. 

Free-settling ratio. If a mixture of mineral grains of different sizes and 
different specific gravities is subjected to a series of rising water currents of 
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diminishing velocities, the coarser grains will sink in the currents of higher 


velocity and the smaller in the slower currents. 


There will be a final over- 


flow of the finest material. In each of the products except the first and the 
last there will be a distinct grouping of the minerals according to size, the 


coarser grains being the lighter 


Table. an pee oe at velocities ineral and the finer the heavy 
mineral. The ratio of the average 
Size, mm. size of light mineral in any of these 
Velocity, mm, | Products to the average size of the 
Retaining perisecond heavy mineral in the same product 
screen Mean(a) is the free-settling ratio. Table 3 
(41 A 396) gives free-settling ratios 
Stee Se 11.38 398 of quartz and galena as determined 
9.423 gue ke aan _.| experimentally by Richards and 
Lon | . . 
Teresa hare erp emer | | the theoretical average ratios de- 
Se See 5.690 282 | termined from equations (6) and 
COS we Mlle aR al a 256 S| (7), (8) and (9), and (10) and (11). 
4.013 237 = F gone . 
ee aT : at a Estimates of probable free-settling 
oder ela sae 190 | | ratios of any two minerals at any 
DY ON he SN MI ee 182 =| given velocity can be determined 
og PES: 2.006 ne by use of Table 2. 
1.410 126 Example. To determine the prob- 
ics oF F 108 able free-settling ratio of quartz and 
F a a 1.000. i 95 chalcocite in a product that falls in a 
ale 0.833. ; 32 rising current of 100 mm. per sec. veloc- 
f Oy atvid.. ake 79 o | ity and rises in a current of 150 mm. 
 otssdees. ’ 61 & | persec. The largest quartz particle to 
‘ oe “0.503. ie 5A Q | settle will be, theoretically, 1.66-mm. di- 
ae 0.417 ee Be oe i te 46 & | ameter (from equation 6); the smallest, 
ae ee ee 0.356 40.2 ll | 0.94-mm. (from equation 10). The aver- 
i\ OCG seen alee eet gar ao 34.5 & | age diameter of quartz may be taken as 
eR cary Cae 0.252 30.3 the arithmetical mean of these extremes, 
O08) Be eet. 25.8 or1.30-mm. The largest chalcocite par- 
Pera ee es 0.192 24.2 ticle will be 0.44 X 1.66 = 0.73-mm. 
OTe le eet 22 4 diameter and the smallest, 0.61 X 0.94 
= 0.57-mm. The mean chalcocite diam- 
Cece ee 0.161 19.2 eter is 0.65-mm. and the free-settling 
One ee eS 16.0 ratio 1.30/0.65 = 2. 
Lath eee 0.136 13.7 ee 
OMS ASEL arate trent a) 11.4 a Hindered-settling. If any con- 
oo es 0.114 nas A | striction is placed in the tube 
dines maneere Mie cocoggires: 6.33 5 in which a current of fluid is 
Oy OSSiyh Hah wee Gs ons 5.74 | rising and solid particles are fall- 
itty: avin 0.081 wes. & | ing, the velocity of the fluid across 


the constricted portion is greater 
than that above and as a result 


a Reckoned as the arithmetical mean between 


the retaining screen and the screen preceding, certain of the solid particles fall 


; to the constriction but cannot fall 
further. They remain, therefore, in a mass in the tube, above the constric- 


tion. If the particles are not too large and the ratio of area of constricted 
portion to tube cross-section not too small, the mass of particles above the 
constriction will teeter, as the solids in a quicksand. Under such cireum- 
stances particles settling are hindered by collision with particles in teeter and 
the mixture of solid and fluid acts as though it were a fluid of greater density 
than the fluid employed. The settling rate of solid particles in the tube is, 
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consequently, decreased. The decrease for any given particle is proportion- 
ately greater, the less the specific gravity, because, all other things being 


equal, V is proportional 
to ( — p)/p. 

Table 4 gives hin- 
dered-settling velocities 
for several minerals as 
determined by Richards 
(41 A 896). In this 
table, under the caption 
“ Hindered-settling”’ are 
given figures determined 
by dividing the volume 
of water, in cu. mm. per 
sec., passing through the 
sorting tube by the area 
of the tube in sq. mm. 
at the time when the 
solids were in FULL 


Table 2. 


velocities of mineral grains. 


Mineral 


Anthracite 
Epidote 
Blende 
Pyrrhotite 
Chaleocite..... 
Arsenopyrite.. . 
Cassiterite..... 
Antimony 
Wolframite.... 
Copper. fra 


Multipliers for quartz diameters 
in equation 


_| V=95D9'83 | 7 =92~/D(e—1) 


oo oO Oo oro oS 


Multipliers for use in determining free-settling 
(After Richards) 


TEETER, ¢.¢., all grains in motion under the action of the rising current but 


none actually being carried upward away from the mass. 


is not, of course, the actual interstitial velocity of the water. 
(After Richards) 


The velocity figure 


Table 3. Free-settling ratios of quartz and galena. 

Diameter of particles Particles fall | Particles rise 7 F Theoretica) 
in currents of | in currents of ree-settling free-settling 
..mm. per sec.}..mm. per sec. Tatso ratio 

Quartz, mm. | Galena, mm. 

9.0301 0.0194 0.00 1.26 1.54 

0.0335 0.0198 1.26 2.51 1.68 

0.0568 0.0292 2751 5.05 1.82 2.36 

0.0772 0.0412 5.05 7.42 1.96 

0.0982 0.0488 7.42 10.01 2.09 

0.1423 0.0613 10.01 14.68 2.23 

0.1875 0.0721 14.68 19.80 2.35 

0.2254 0.1032 19.80 30.12 2.48 

0.3416 0.1305 30.12 40.37 2.61 

0.3880 0.1404 40.37 50.08 2.72 

0.5241 0.1708 50.08 60.09 2.82 

0.5892 0.1997 60.09 70.34 2.92 

0.6590 0.2381 70.34 80.28 3.03 3.74 

0.8604 0.2750 80.28 90.21 3.12 

1.0234 0.3428 90.21 99.54 3.21 

1.4224 0.3504 99.54 110.09 3.29 

1.3216 0.3648 110.09 120.03 3.36 

1.1424 0.3776 120.03 130.43 3.42 

1.4256 0.4208 130.43 140.37 3.49 

1.6032 0.4560 140.37 150.31 3.54 

1.6848 0.4592 150.31 160.09 3.59 

1.7488 0.4624 160.09 169.95 3.63 4.0 

1.8032 0.5248 169.95 180.57 3.66 

1.9746 0.5776 180.57 180.5 3.70 


The equations developed for free-settling are not applicable to hindered- 
settling by simple substitution of a value for p in the quantity (o — p)/p. 
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Table 4. Hindered-settling velocities of mineral fragments. (After Richards) 


Velocities, mm. per second 

Anthracite 
Size off Galena, sp. gr. 7.5 Blende, sp. gr. 4.0 Quartz, sp. gr. 2.64 sp. gr. 
grain, 1.45 to 1.70 
mm. |— 

Hindered Free Hindered Free Hindered Free Hindered 
settling settling settling settling settling settling settling 

QuOA Gl each tepele copes yok gw ol: dee. Be cs « cece btegesciieie foteank SERS ps ee eee 104 
6.62 212 COSHH hearer tee nee 116 295 71 
4.97 184 590 P26 boo Me ae ae 113 249 53 
3.40 142 505 Od gS: 5 ees 69 207 41 
2.35 119 402 7, an ee eee 5 166 33 
1.70 90 ° 350 59 263 41 134% (i) neaheeene dee 
1.21 77 273 43 227 32 DO Oe in cee eee 
0.83 52 213 SO 181 raat SON le toners 
0.56 36 B75. 25 143 18 GOP OAs, Se eee 
0.40 25 125 17 DOO ett eet AD eyet eh Gehan eee 
0.30 18 115 11 86 6.5 SE eee ee 2 = 
0.20 10 77 6.7 59 38 23. alts. <sa eee 
OBO se heetesam pe DW ei AMM ciseccep eal lecaenghtvaa at cran |e es Sette SpHOS a POE letter ame ne Pi a 


Such substitution in equation 4, e.g., of values of V and D for galena from 
the first five horizontal lines of Table 4, gives a value of 4.8 for p, which would 
allow for but 41.5 per cent. voids. Corresponding figures for quartz are 
p = 2.23 and percentage 


Table 5. Free- and hindered-settling ratios of various 


mincrals with respect to quartz (After Richards) of voids = 25. Since the 
densest packing of equal- 
Free-settling sized spheres leaves 26 per 
ratios for Hindered- cent. voids, these figures © 
228.6 mm. settling would require that sized 
per sec., ratios : : 
fastddt eraing mineral fragments of ir- 
regular shape in full teeter 
ee 5S aa eae RR ee ae should be equally closely 
slery ale Rie\- dispedencvorsr oes se na : . i ss 
Wolframites:...-c-ss86* 3.26 yah ibaa packed. This is not reas- 
Anttitonyad sch SOS aes. . 3.00 4.897 onable. 
Gassitenite. apa oie 3.12 4.698 Hindered-settling ra- 
Arsenopyrite....62.0.... 2.94 3.737 : : A 
Chalettite. f- 0.05... 2.17 3.115 Hos are consistently larger 
Pyrrhotite..........0+0. 2.08 2.808 than free-settling. Table 
res) Mae Be eee 1.56 2.127 5 (41 A 396) compares the 
aoe coe fe ao a's ssa 1.46 ape free- and hindered-settling 
A IERE EGLUO iid wish apes spas) cara sh ap'nillie ets, aya, een NY t a 2 . ‘s 
2 ratios of various minerals 


with respect to quartz. 


: In the same paper Rich- 
ards records a test in which quartz-galena hindered-settling ratios as high as 


8.0 were obtained in a small, carefully-run experimental classifier, 


a Anthracite to quartz. 


Types of classifiers 


Classification is used in mills for several different purposes. The type 
employed depends upon the character of service. Hydraulic classifiers are 
used to divide a ground pulp into a number of GRrapEs or sorts for sub- 
sequent treatment on gravity concentrating machines. These classifiers are 
so named because of the fact that fresh water, often called HYDRAULIC WATER, 
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is added to them in order to supply the rising current of water against which 
settlement of solid particles is effected. There are two general types, known 
respectively as free-settling and hindered-settling, and many varieties of each 
class. Sand-slime separators are used to determine the maximum size of 
particle discharged from a fine-grinding circuit, or to separate a ground prod- 
uct into sand and slime for different kinds of subsequent concentrating or 
metallurgical treatment. There are two principal types, known respec- 
tively as mechanical classifiers and cone classifiers. The first type is com- 
monly preferred in the U. S.; the second was developed and has had wide 
use in South Africa. An automatic-discharge cone has recently met with 
considerable favor in this country, 


2. Free-settling hydraulic classifiers 


General. Classifiers of this type are characterized by the fact that the 
sorting column is of the same cross-sectional area throughout its length. A 
large number of types has been built and used. These may be grouped into 
two classes, viz.: launder type and tank type. LAUNDER CLASSIFIER is essen- 
tially a launder with sorting columns attached to the bottom at convenient 


’ intervals. If the upper end of the sorting column comes directly to the bottom 


of the launder, the machine is called by Richards a SHALLOW-POCKET CLASSI- 
FieER; if the launder is deepened above the sorting pocket, Richards calls 
the machine a DEEP-POCKET CLASSIFIER. TANK CLASSIFIER consists of a rela- 
tively deep V-shaped trough or tank with the sorting columns attached to the 
bottom thereof. 

Shallow-pocket free-settling classifiers include many of the early forms 
of hydraulic machine, such as the Lake Superior hog-trough, Calumet, Tam- 
arack, Yeatman, Ferraris, Evans, etc. (1 OD 390 et seq.) 

Evans classifier (Vig. 2) is typical. It consists of a launder (A) with 
inclined bottom to which are attached a plurality of pressure boxes (D) 
opening by means of adjustable rectangu- 
lar transverse openings (B), (C), into the 
bottom of the launder. Water is intro- 
duced into the boxes (D) through pipes 
(Ff), a part flows out through spigot 
openings (G) and the balance rises through 
the openings (B, C) into the launder. 
Water input is regulated to give maxi- 
mum rising velocity at the first box and minimum at the last. Feed 
enters as marked, with sufficient water (about 75 per cent. by weight) 
for ready transport, and flows along to the first sorting column where its 
horizontal rush is lessened by baffle (Z). Some segregration of coarse 
and heavy solid to the bottom of the horizontal stream occurs in the 
flow along the launder. The largest and heaviest particles drop through the 
slots (B, C) and pass out through the spigot opening (@) while the solid unable 
to settle passes onto the second column. The coarsest and heaviest of the 
remaining particles are here taken out and the process continues until the 
lightest solids, unable to settle in the relatively slow current of the last sorting 
column, leave the classifier. Performance is shown in Table 6. 

Calumet classifier (Fig. 3) is used at Bunker Hitt anp Sutirvan Minine 
Co. to prepare the sand discharge of an Esperanza drag classifier for table 
treatment. It consists of an inclined trough (a) with a series of settling 


Feed 


Fic. 2.—Evans classifier. 
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pockets (b), through one side of which hydraulic water is led by pipes (¢) 
while the spigot product discharges through the other side. A baffle (d) 
above the spigot discharge prevents short cir- 

am cuiting of material to the spigot. 
b | ds The machine at the Bunkpr Hitt anp SULLIVAN 
¢ =e mill treats 50 tons solid per day; water consumption, 


: 600 gal. per ton. Screen tests of products are given in 
Fie. 3.—Calumet classifier. Table 7. 


Table 6. Performance of Evans classifier. (After Richards) 


Sereen Weights, cumulative per cent. 

aperture, 
mm. 

Spigot 1 Spigot 2 Spigot 3 Spigot 4 Overflow 

+2.69 Olabostioteeiio cin) set wit Jelerticnni Ok tere ee 
1.89 6.6 2.0 0.494 | sct. 25. af drecttine. apes 
1.49 18.5 6.6 5s} O84) edbinoiae ee 
0.945 44.8 23.0 9.0 PP: ee A FRITS 
0.667 65.8 41.8 22.0 Bt 2S ee ane ee 
0.493 82.9 63.0 44.4 2370 TabrieNs. 2. See 
0.371 86.8 67.6 49.4 29.0 0.2 
0.270 92.5 79.4 65.2 47.0 0.5 
0.158 98.0 94.0 89.0 80.0 Ome 
0.119 98.8 97.4 94.2 90.9 1OGh 
0.073 99.3 99.2 98.8 98.3 25.9 
0.069 [ 28.2 
0.047 41.1 
0.034 | 50.5 
0.025 0.7 0.8 1.2 peaadvod 57.1 
0.919 65.7 
0.012 74.4 

—0.012 J 25.6 


Table 7. Performance of Calumet classifier at Bunker Hil] and Sullivan Mining Co. 


Spigot number 
ey - Overflow 
1 2 3 4 5 
Spigot, diameter, im...]........ 54 VA xf eae Y wr 
Moisture, per cent.... 42 56 67 73 86 or gout 
Screen aperture, mm. Weight) per cent: 
ORSOOe a Wualtiecieiaa, War sete cueraisiliaettaynee es leone tee coe ee 
0.589 7.6 | 18.0 208 iodo. a Pe bilor, pear ele 
Ou417 Sid tarkO.8 SO neh oe lnts bvegell nael seagate 
0.295 12.8 17.6 13.8 A ea OE Heh 
0.208 (Oo iit. e.g Se adh tg Seer ligne ime oe 
0.147 18-67) 015.5 -Norgeo7 fF iegors #55 kena Wea on 
0.104 10.4 TSA) HIG. CLE SseOusl | wet Odlohauder -cohetecets 
0.074 16.7 4.5 DSi ih Ti 4 | Beal 5.3 
0.074 12.5 2.0 3.7 6.8 24.8 67.6 94.7 


Settling ratios obtained in shallow-pocket free-settling classifiers are far 
below the theoretical. Much slime appears in the earlier spigot products 
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because of the presentation of slime directly to the sorting column and much 
oversize goes to later spigots because the shallow pock- 
ets fail to hold it long enough to insure an opportunity 
to settle. 

A free-settling launder-type classifier that can be made up 
readily around any plant is shown in Fig. 4 (111 J 911). Both 
the 6-in. and 3-in. pipes are welded to the cover plate and the 
hydraulic-water pipe is welded to the 6-in. pipe. 

Deep-pocket free-settling classifier is typified by 
the RICHARDS VORTEX CLASSIFIER (Fig. 5). It differs 
from the shallow-pocket apparatus by providing pock- 
ets above the sorting columns of sufficient size and depth 
to effect a rough segregation of the feed to the column, 
sending alohg immediately most of the material that 
could not settle in the sorting column proper and hold- 
ing back material that might settle in the column long 
enough to give it an opportunity to do so. The vortex 
fitting used at the bottom of the sorting columns in Bell reducer 6to 3” 
this classifier is shown in Fig. 6. Water entering the Bushing 3° to 1/4 
tangential inlet pipe takes on a swirling motionarounda Fic. 4.—Simple free- 
vertical axis and retains this motion in rising through Settling launder-type 
the sorting column, with the result that eddies  “l@ssifier column, 
around horizontal or inclined axes are eliminated. This elimination goes 
to prevent the presence of fine sand and slime in the spigot products. The 
ideal condition in the sorting column is a uniform current vertically upward, 


Sea) | 


Fic. 5.—Richards launder-type vortex classifier. 


but this cannot be attained. A home-made substitute for the vortex fitting 
is shown in Fig. 4. It is intended to bolt to the bottom of a roughing pocket. 
Performance of a 3-spigot vortex classifier is shown in Table 8. 

Free-settling tank classifier is shown diagrammatically in Fig. 7. Sort- 
ing columns are of the same types as used on launder classifiers but the tank 
affords better opportunity for keeping slime away from the sorting columns. 
The use of free-settling hydraulic classifiers is past in well-designed mills 
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Table 8. Performance of Richards vortex classifier. (After Richards) 


Weights, cumulative per cent. 
Screen 
ane ate | Feed Spigot 1 Spigot 2 Spigot 3 Overflow 
.907 0.4 0.0 1.5 0.0 0.0 
oF Fos 21.0 52.0 19.4 0.4 0.1 
0.427 35.8 76.6 39.3 1.9 0.4 
0.351 48.2 90.9 62.9 5.6 \ 0.8 
0.277 SSL 96.1 81.1 122.5 1.6 
0.206 “ef 98.7 90.7 24.6 2.0 
0.137 vy eae | 99.7 98.9 54.1 da) 
0.130 SO. Maralebe Hos k- ere tebe 99.7 62.3 623 
0.107 84.8 0.3 0.3 my fr 6.6 
—0.107 1 Moree Pe ek Se ie oa] ren ene wen, etna fete reasons meee 93.4 


aa ars 
% ' 
U = 4 
fee + 
For iz (pe ( 
Fic. 6.—Richards vortex Fie. 7.—Sketch of free-settling 
fitting. tank classifier. 


owing to their inefficiency and the superior results attained by hindered- 
settling machines. Mull operation of a free-settling classifier never yields 
settling ratios that approach the theo- 


/ retical. 
; ssereerrnrernl 3 Hindered-settling hydraulic classifiers 
O.choial Vides General. Hindered-settling classifiers 


differ from free-settling in one character- 


(0) istic only, viz.: that the sorting column 
Ps is constricted at the lower end. This 


Tre. 8 Aieibods of obtalaty con- constriction may be obtained in any way. 

striction in hindered-settling sorting Several forms of hindered-settling soe 

ee a columns are shown in Fig. 8. The effect 

of the constriction has been considered 

in Art. 1. The same general types are found in hindered-settling as in 
free-settling mill machines, viz.: launder and tank. 


Launder-type hindered-settling hydraulic classifiers 


The simplest of these is a machine obtained by placing a reducer and a 
short pipe nipple of smaller size on the lower end of the sorting column of a 
Richards vortex classifier (Fig. 5), and placing the vortex fitting on the lower 
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end of the added nipple. Fig. 9 isasketch of one spigot of such a classifier. 
Such a change in an existing classifier will result in a reduction in capacity, 
but by replacing the sorting column of the existing classifier by a teeter column 
of larger diameter, dropping the existing column to a position below the added 
member, capacity will be maintained. For discussion of the ratio of diam- 
ters of sorting column and teeter column, see Art, 4, 


a. Reducer and nipple added to change 
classifier from free-settling to hindered- 
settling. 

Fic. 9.—Sketch of one spigot of Rich- 
ards hindered-settling vortex classifier, 
launder type. 


Fria. 11.—Richards hindered-settling Fic. 10.—Deister cone-baffle 
sorting column. classifier. 


Deister cone-baffle classifier column (lig. 10) consists of a downwardly- 
converging cylindrical casting (a) in which are suspended a number of 
slotted cone-shaped castings (b) with slots staggered vertically as shown. 
Water enters radially through a plurality of small holes from the pressure 
chamber (c). The column may be bolted directly to the bottom of a launder, 
but is better placed on the lower side of a roughing pocket, 


This device had its greatest use in the gravity-concentration flow-sheet at Miami, prior 
to the adoption of flotation. A 12-spigot launder treated —10-mesh (1,65l-mm.) drag- 
classifier sand. Table 9 gives sizing tests of the spigot product of a single-column machine 
under different operating conditions. 


Richards hindered-settling launder-classifier column is shown in Fig, 11, 
The converging conical sorting chamber is perforated with vertically-alternat- 
ing rows of radial and tangential water inlets which serve to maintain free 
movement and maximum fluidity in the mass of teetering grains. 


Fig. 12 shows graphically the performance of a 10-spigot machine at Mrami1 Cop- 
PER Co. 

At CuaustuHan (100 J 426) the 4-spigot launder-type hindered-settling classifier shown 
in Fig. 13 is used to treat —1.4-mm. undersize of trommels. Overflow is sent to a V-box, 
which is run without hydraulic water to prepare shaking-table feed. 
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Table 9. Performance of a 1-spigot Deister cone-baffle classifier 
at Miami Copper Co. (108 P 1057) 


Test No. 1 Test No. 2 Test No. 3 
‘Pons of golid feed per 24 rv)... 2. 33.6 37.9 23.9 
Per cent. of solids in spigot product........... 36.0 29.6 QT 
Hydraulic water, gallons per minute.......... LS 224 >. Ae leis seamen 
Screen aperture, mesh Weights, cumulative per cent. 
+10 Gaal 0.1 0.0 
20 4.8 6.2 int 
30 A2.3 44.8 57.4 
40 66.6 64.6 76.6 
60 88.6 84.0 91.1 
80 93.6 89.7 94.8 
100 96.5 93.8 97.0 
—100 aes 6.2 3.0 


Richards pulsator classifier, launder type is shown in Fig. 14. Hindered- 
settling conditions are effected by the taper of the sorting column (b) which 
may be of the type in Fig. 11. Undue packing and sluggishness in teeter 
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LVS THe d 
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70 FAA rh 
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3 60 FANE ar 
— — 4 +— } 
= - | H Heb Fia. 13.—Hindered-settling launder 
5 70K 4 ! classifier at Clausthal. 
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g Gent ini eo Sl 
01030 60 100 150 200 250 300 
Screen meshes per linear inch 
Fie. 12.—Performance of 10-spigot Rich- 
ards hindered-settling launder classifier 
at Miami Copper Co. (after Allis-Chalm- 
ers Co.) taal tai | 
(Length of shading lines on curves represents 1c. 14.—Richards pulsator classifier, 
copper content.) launder type. 


chamber (c) are prevented by the rotating valve (d) on the water inlet. This 
valve is opened and shut 200 to 400 times per min. by pulley (e), belt-driven, 
the higher speeds being used for the finest pulps, Water hammer is elimi- 
nated by the air chamber above the valve and the air compressed herein 
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when the valve is closed gives additional velocity to the water in the column 
as the valve opens. The assembled unit, carried by the trapezoidal roughing 
pocket (a), is bolted to the bottom of a launder. The machine is made in 
five sizes, based on the inner diameter of tube (c), viz.: 214-, 3-, 4-, 5- and 
6-in. Fall from the top of the roughing pocket to the lowest point of the 
spigot is 28 in. in the 2)4-in. machine and 38 in. in the 6-in. machine. Capacity 
_ and water consumption may be estimated roughly from Figs. 15 and 16 re 


Average diameter of pulp grains, mm; Average diameter of pulp grains, mm. 
6)/4]| 2 7 
2 
90 2 45 
g : 
= oy 
80 a 4 ; 
a ¢ | 6 
g i 3 
R=070 { SD 
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# eo| | 3 3 | 
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3 oe 2 
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4 $ 6 
S20 at tt 6 Wi+4 
2 T 2 2 
= 109 [| }—}—t— 25 : 
-24-0-5-0, 25 L— { I 60.40. 2 
| ead | 
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Diameter of teeter column, inches Diameter of teeter column, inches 


Fic. 15.—Capacity of Richards launder- Fie. 16.—Water consumption of 
type pulsator classifier (after Denver Richards launder-type pulsator clas- 
Eng. Wks.) sifier (after Denver Eng. Wks.) 


spectively. Design should follow Art. 4. Performance of a 5-spigot machine 
is shown in Table 10. 


Table 10. Performance of 5-spigot launder pulsator classifier at Akron Mines, 
White Pine, Colo. (D. E. W. Co.) 


Weight, per cent. 
Screen 
aperture, j 
ee Feed Spigot 1 Spigot 2 Spigot 3 Spigot 4 Spigot 5 | Overflow 
0.833 2.2 6.0 0.2 0.0 0.0 0.0 0.0 
ea, 14.2 26.8 9.2 0.7 0.0 0.0 0.0 
0.208 33.6 49.2 41.6 12.7 1.0 Pes 0.0 
0.147 21.6 14.2 32.6 32.0 7.0 2.9 0.7 
0.104 5.36 2.4 6.8 10.1 7.0 2.9 0.7 
0.074 15.2 1.4 9.2 38.7 47.0 16.2 Chars 
—0.074 7.6 0 0.4 6.0 38.0 76.5 91.4 
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TANK-TYPE HINDERED-SETTLING HYDRAULIC CLASSIFIERS 


These classifiers have been more generally used in recent gravity-concen- 
tration installations than the launder types. The best-known are the Rich- 
ards, Richards-Janney, Richards inverted-pulsator, and Anaconda. 

Richards hindered-settling tank classifier consists of the usual flaring 
V-tank, with inclined bottom, to which are attached a number of Richards 
hindered-settling sorting columns (Fig. 11). 


Performance. At Mocrnzuma Copper Co. a 6-spigot machine treating Chilean mill 
discharge through 0.08-in. screen at the rate of 400 to 450 tons solid per 24 hr. in a pulp 
containing 75 per cent. moisture made spigot products as shown in Table 11. Moisture 
in the feed was about 75 percent. At Liserry BELL a 3-spigot machine with 2-in., 2}4-in. 
and 5-in. columns treating 40 tone per 24 hr. made the products shown in Table 12. Water 
consumption was about 1000 gal. per ton of feed. 


Table 11. Performance of Richards hindered-settling tank classifier 
at Moctezuma Copper Co. 


Spigot number 
Legend 
1 2 3 - 5 6 
Diameter of spigot opening, in.. 1 34 5% 54 } 4 V4 
Moisture, per cent...........- 62 80 82 84 86 92 
Screen aperture, mm. Weights on screen, cumulative per cent. 
\ 
2.362 4.2 235 O73; TRS NSE Ao ace lik oe 
1.651 2323 18.2 440 hewn oa eee Eee 
1.168 42.7 38.0 DS Bi ila 5 Sisk [suet Rel a a 
0.833 60.5 60.1 30.0 Dail: Bled ee oe kN te tea ee 
0.589 73.3 76.7 50.1 Ce ar ie a A OR 
0.417 83.0 88.7 71.8 26.8 Ca 0.3 
0.295 89.4 94.8 87.3 52.8 30). 1 3.3 
0.208 93.3 97.6 94.8 17.2 70.5 17.0 
0.147 96.3 99.0 98.4 92.6 92.5 52.4 
0.104 98.1 99.5 99.5 97.9 98.1 74.6 
0.074 98.8 99.8 99.8 98.3 98.8 82.0 
—0.074 1.2 0.2 Oe 1.7, Ae 18.0 


Table 12. Performance of Richards hindered-settling tank classifier 
at Liberty Bell Gold Mining Co. 


Spigot number 


Feed Overflow 


Moisture, percent. 74 71 Uke) 81 


Screen aperture es 
2 J Weights on screens, cumulative per cent. 


mm. 

0.417 7.7 18.9 

0.295 12.5 42.5 eRe. 

0.208 33.1 64.1 0.7 

0.147 45.1 75.0 6.0 

0.074 59.1 83.1 22.5 
~0.074 40.9" 16.9 77.5 
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Richards- Janney classifier (Fig. 17) is of the tank type with hindered- 
settling sorting columns and various important features that give large capac- 
ity, steady operation, low water consumption and considerable flexibility. It 
consists of a number of pyramidal settling tanks, increasing in size from feed 
to discharge end, so joined that the tops of the dividing partitions formed by 
the junction of adjacent walls are well below the overflow level. To the bot- 


_ tom of each pyramidal frustum is attached the classifying mechanism proper, 


consisting of a cylindrical teeter chamber (a), converging at the bottom to 
the cylindrical glass-walled sorting column (b) below which is a tangential 
hydraulic-water inlet (c). These constitute the elements. The additional 
features are the rotating 
stirring arms (d) carried col POPU fce Pe EE ae 
on a hollow spindle (e) yay a eS ca 
depending from the worm 
gear (f) which is driven by 
a worm from shaft (q). 
Cams (h) on the upper L 

side of gear (f) operate a EN Ces cet 3 
lifting arm on the tappet Sees il 
rod (2) which carries on 
its lower end a rubber 
ball-valve that seats on 
a bushing (j). The valve 
is thereby periodically 
opened and_ discharges 
into the retarding cham- YZ 
ber (k) which in turn dis- Section AA. 
2 eee ses Fig. 17.—Richards-Janney classifier. 

rate of discharge is controlled by the size of the spigot opening and by the 
air cock (n). Water inlet to each column is regulated by a dial valve (m). 
The stirring arms make about 1.5 r.p.m. They prevent the formation of sand 
banks in the teeter column and also tend to prevent the formation of eddies 
with downward components of motion. The glass sorting column, by permit- 
ting observation of the actual sorting operation, makes regulation of the classi- 
fier easier than otherwise. The intermittent discharge effected by the ball 
valve makes it possible to discharge a thick spigot product through a large 
opening and thus decrease water consumption while eliminating clogged 
spigots. The retarding chamber prevents serious downward rushes of pulp, 
which’ would entirely disarrange classification, when the ball-valve opens. 
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Performance is shown in Table 13. Both of the Cu1No machines are apparently over- 
loaded, with the result that there is much slime in the spigot products and much fine sand 
overflowing. The machine on zinc ore is doing the best work from the point of view of 
size differentiation in products. The moisture content of the products is reasonably con- 
sistent and characteristic and, compared with the spigot discharges from other ‘classifiers, 
shows the advantage of intermittent retarded discharge. : 


Richards inverted pulsator classifier (Fig. 18) consists of a tank (a) with 
screen bottom, divided by partitions extending nearly to the screen into seven 
compartments of unequal area, six of the compartments being fitted with 
overflow spouts (b). The tank is set on top of a compartmented water-dis- 
tributing tank or hutch (c), fed by a manifold from a pulsating cock. Each 
of the overflow compartments in the upper tank constitutes a settling 
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column with a constriction at the bottom furnished by the screen. The 
velocity of the water rising in the individual compartments depends upon 
their cross-sectional area and upon the height of the overflow lip. Pulp 

introduced into the feed compart- 
ment passes to the bottom of the 
first compartment where the finest 
material is lifted out. The balance 
is moved along the screen to the 
next compartment under the hori- 
zontal impulse of new feed arriv- 
ing. Each compartment removes 
its quota until the last is reached 
and here an extra-strong current 
induced by lowering the spout an 
inch or more below the others raises 
all but the coarsest heavy mineral. 
This may be discharged intermittently or continuously through spigot (d). 
Hutch spigots are provided to draw off any fine material that passes through 
the screen. Usual tank widths are 3- and 4-in. 


Fic. 18.—Richards inverted pulsator 
classifier. 


Performance at ANaconpa is shown in Table 14. Speed and water consumption in this 
test are higher than usual and tonnage is low. A 4-in. machine can probably treat 125 to 
175 tons per 24 hr. of — 2-mm. copper ore or 150 to 200 tons of lead ore at the same size. 
With finer feeds the capacity will be less. 

This classifier can be made to do as nearly perfect work as any classifier 
that has ever been devised, but it is extremely sensitive to feed changes, 
requires rather close attention, and consumes a large amount of water, ranging 
from 1000 to 1500 gal. per ton of ore treated. Any dirt in the feed water, 
such as wood or plant fragments, lodges on the under side of the screen and 
by blinding it cuts down current velocities. The upper tank (a) must then 
be lifted off and the screen cleaned.. A run of coarse material may cause 
building up at the bottom of the last compartment so that this compartment 
is cut off and the entire classification disarranged. 

Richards pulsator classifier, tank type (Fig. 19) is 
used by the New Jmersry Zinc Co. at the Franklin and 
Ogdensburg mills. Pulsating water rises through grids 
(a) in the bottom of the usual flaring V-tank and spigot 
products are drawn from the bottom of the hopper- 
shaped pressure boxes (b). 


At FRANKLIN each machine treats about 100 tons per 24 hr. Fie. 19. — Richards 
and consumes about 450 gal. of water per ton of solids. Valves pulsator classifier, 
are run at 120 rev. (240 pulsations) per min. and each machine con- tank-type, at New 
sumes 3 hp. Spigot openings vary from %-in. diameter at the Jersey Zinc Co. 
feed end to %-in. at the overflow end. Choking causes about 5 
per cent. lost time. Screen tests of feed and products are given in Table 15. At Oaprns- 
BURG the total load is 120 tons per 24 hr.; water consumption, 400 gal. per ton of feed 
and valve speed 130 r.p.m. Sizing tests of feed and products are given in Table 15. 


Fahrenwald classifier (sizer) (Fig. 20) is of the hindered-settling tank 
type, but the spigot product is drawn from the bottom of the teeter chamber 
without passing through the constriction or being elevated to an overflow 
and the rate of discharge is automatically controlled by the pulp density in 
individual teeter chambers. (A) is a tank in which the bulk of the slime 
is roughed out. Below (A) is the trapezoidal tank (B), with vertical side walls, 
divided into compartments (b) by means of the partitions (b’), The perfor- 
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ated constriction plate (c) separates the teeter chamber from the individual 
hydraulic-pressure chamber (d) below. Hydraulic water is supplied to the 
pressure chambers through individual pipes from a header. Observation of the 
individual teeter columns is afforded by means of glass windows. Spigot dis- 


Table 15. Performance of Richards pulsator classifier, tank type, at New Jersey Zinc Co. 


Mili Franklin 
Product Spigot number 
| eek 
= Feed| 1 2 3 4°) 5 | Cie siaea aes 9 | 10 |Overfiow . 
| 

Screen, Weight, per cent. 

mm. 

GS team. 25h ae ed ele See, NS. a, eg eae are ee 
GE ee ee ee OA OF Will O22: O nde ORT T cts leans | ieee ae 
0.833 OGlel Sil eS) 1eOule 0055 he02S' |) 0.4) 0-4 | One) eee os, 
0.589 7 16.5 | 15.4 | Soe O2 09 G28) 8.2 Sek i6sel|) Sea ee 0.1 
0.417 | 23.4| 44.2 | 44.1] 39.0] 33.0] 30.2|33.0] 24.9] 28.6/15.2| 0.1] 0.2 
0.295 | 26.2|25.6| 25.6 | 28.7 | 29.5| 31.7] 32.2|32.2|32.6|21.9| 0.9] 0.4 
0.208 |20.9| 9.8| 9-7|14.3]18.2]21.1]18.4 | 24.2|21.8]27.3| 8.6] 0.6 
0.147 9.8| 2.4| 2.3| 4.7] 6.5] 7.8| 6.0|10.2| 8.2}20.3140.7| 10.4 
0.104 SEA 0-440.) 207s, 1.0) 1.211 cO29)| hoz hse oilne. 2) 2083) noo 
0.074 Sell | 0n2)00.2|-10)3)| 054+] 085s OLS)! OKO Ordi| —SeOoGee | e5dee 
—0.074 BO Oil: Os2t) dOnt OND Oot | Oxtile O-t-nO.2ihOssiinom On miame 
Mill Ogdensburg 

Product Spigot number 

| 
Feed} 1 2 3 | 4 | 5 6 7 | 8  |Overflow 

Screen, Weicht cs 

Ene ght, per cent. 

TRO Stet. ae (Oyo dU es ees ee trees | CU 

1.168 Ost SO On IMOMIalih woe teers alee nc nrdl < emteee ot | eon earn 
0.833 DROME POLOMIBTOLO NT FORT Neer |e alee tee Pe sone Re 

0.589 AAO cule Oe2 Fa Sal TOLSs| mOL T= Seis ee Sa ee | 
Oil Zee 15-8 S002 4 4) 29°64) 6-2 PP oO.) -l- 0.1 tone 
65295. ./1844]-16.01-34.7 f. 20.8) 8118 Tee PSS 622 l0.5.4) o| “olan 
Op208 5 2229lleewe2 | 18) 1) 28:6 | 48.2:150.9 |) 3it a) tus 4.4 3.0 
Onlt Tae Osim Ono) ees ODOM ethwonincGe9) (maeos Mea 7aG 4) Sou | als 
0.104 Seo OES Hl dOk4 NOLO ih De IalemseOull 14a ora Saulear eae imma ae 
QUOTAS al €2a04l OEP: |" 014 On7): 0.3 | 0028 fa-8, Oo io. 80 1k to ce eae a 
00745 hel BOW YOLA | -0,45040.5 |e 0.30} 007 | SOsse le alana) Sse ag 5 


charge is effected as follows: As classified sands accumulate in the teeter cham- 
ber the pressure rises in (d) and water is forced up through pipe (4), which con- 
nects with (d), into chamber (5) and pipe (10) until it stands at some level 
above (9). The pressure in chamber (5) due to thig standing column of water 
raises the soft-rubber diaphragm (9) and with it pipe (10) and rod (11), which 


' the classifier. Drain 
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latter is pinned through hole (12) in such a way that rise of (10) engages the 
pin. Rod (11) carries ball valve (2) at its lower end and this ball, when lifted, 
permits classified sand 
to pass from above the 
constriction plate 
through pipe (14) out of 


plugs are provided at 
the bottoms of chambers 
(d) to discharge any 
sands that pass the con- 
striction plate. The 
height of chamber. (5) 
must be adjusted to 
correspond with the den- 
sity of the pulp in the 
individual teeter cham- 
ber. This is done by loosening the set-serew (15), which clamps stem (7). 
For feeds passing 14-mesh the heights of the chambers above pulp level in 
(A) range from 10 to 16 in. in the first compartment to 3 to 5 in. in the last. 


Performance. The inventor states (U. S. Bur. of Mines, Reports of Investigations, Ser. 
No. 2618, June, 1924) that a 10-spigot machine at BunKER H1ILu AND SuLLIVAN, West mill, 
treated 225 tons per 24 hr. with a water consumption of 320 to 480 gal. per ton. Sizing- 
assay test of the feed and products is shown in Table 16. 

Anaconda classifier (Fig. 21) consists of a conical roughing chamber (a) 
atop a hindered-settling column (6) formed by placing a perforated plate (c) 


Fig. 20.—Fahrenwald classifier. 


Sizes 


Et. wan, Ft. In. 


SBNnNwwan 
eee ROS 
NwWWWw 


ro 


Fic. 21.—Anaconda classifier. 


in the path of the rising water. At Anaconpa the lower casting (d) and the 
length of the cylindrical part of the upper casting were made the same for all 
sizes of classifier but the shape of the cone was varied according to the table 
of dimensions given in the figure. Small, steep cones were used for coarse 
separation, larger and more obtuse cones for de-sliming. 


Performance at ANaconpa under various feed conditions is given by Ammon (46 A 277) 
and summarized in Table 17. The volume of feed pulp is the important factor in de-sliming 
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Table 16. Performance of Fahrenwald classifier at Bunker Hill and Sullivan, West mill. 
(After Fahrenwald) 


Spigot number 
Feed 
1 2 3 
Tons per 24 hr....... 223.48 Dae 14.9 22.8 
Per cent. of total feed 100 2.5 6.8 10.1 
Per cent. of total Pb. 100 37.00 10.02 10.40 
Per Per Per Per Per Per Per Per 
Screen aperture, cent. cent. cent. cent cent. cent. cent. | cent. 
mm weight Pb weight Pb weight Pb weight Pb 
os 8 ee (CS ee el, Lee eh FOS Ll OA 17.9 10.3 3.9 0.4 Baw 4 BINIIS, 
0.833 2.4 (242.7 EL.3) | 332% 12.9 0.6 ee ee ae 
0.589 7.0 13.9 29.8 62.5 33.95 0.8 eg Me 
0.417 8.2 13.9 24.1 80.0 25.4 14.2 S122 \eayeee. 
0.295 + 12.3 15.0 13.4 81.6 13.2 32.0 T652) |: sore 
0.208 13,41 Tied. 2.5 |1cel6 6.4 | 67.5 BiG: Nin eee 
0.147 20.5 1838) OxS Reesns. 3.4 80.0 Dae Nea 
0.104 15.0 15.8 0.2 RTS On?) 7326 ODS his. nearer 
0.074 10.0 1G ies ak | > a le ied Wine aa el ner econ Oe2Z Wan aero 
—0.074 11.5 28. 0.5 71.5 O38 SO AE PS). Aaa. 
Wome oi ip cuc pds 100.0 16.3 100.0 5G 100.0 15.8 100.0 16.4 
Spigot number 
4 5 6 v4 
Tons per 24 hr....... 32.6 18.8 22.7 37.8 
Per cent. of total feed 13.6 8.5 10.0 16.7 
Per cent. of total Pb. 9.28 Sah 4.96 4.45 
Per Per Per Per Per Per Per Per 
Screen aperture, cent. cent. cent. cent. cent. cent. cent. cent. 
mm weight Pb weight Pb weight Pb weight Pb 
BE TEOU GS a OP Uline nis ee amet ili ecto. Sag ae ees fere|| Sir eee 
0.833 3.5 0.7 1.2 Ou BR, Saree lira mere coy act get 
0.589 13:7 jas (eas 0.6 3.8 01.2 0.4 0.4 
0.417 29.0 3.6 17.8 0.9 9.6 0.4 3.0 0.3 
0.295 29.3 7.4 34.4 2.5 27.3 0.6 10.6 One 
0.208 12.7 | 29.9 0.8 6.3 30.0 1.9 2127 0.5 
0.147 7.4 57.8 30.5 22.6 ile 8.9 28.3 0.8 
0.104 2.9 (Roars 4.8 50.7 > 3272 17.8 8.8 
0.074 1.0 80.2 2.2 64.2 Bil) §2.5 11.4 18.3 
—0.074 0.5 58.8 0.9 56.9 Eazy | 63%6 6.8 41.9 
BRotalsif. ...- ees. ahs 100.0 14.77! 100.0 9.0 | 100.0 7.69! 100.0 6.87 
Spigot number 
Overflow 
8 9 10 
Tons per 24 hr....... 16.6 21.2 32.4 10.4 
Per cent. of total feed 7.6 5.6 14.2 4.5 
Per cent. of total Pb. 4.50 er 3.40 6.70 
Per Per Per Per Per Per Per Per 
Screen aperture, cent. cent. cent. cent. cent. cent. cent. cent. 
mm. weight Pb weight Pb weight Pb weight Pb 
SEE TOS MAO os cit: ee, | naee conte ie eee eee eee Ae nt acid Cal oR | 
(CIES SID Wome at | PORRERee ERM Ie ste Sess cal epee STC a Seale eect hss oll irq eee Lys pea | Re 
Coss nae 2 MAEM OR SESS: 5s RU EE he RD Sipe 
0.417 4.3 Oey ligntate ty eens & OG CRT cir ae Ree ere eee en ae a Dee 
0.295 1.2 0.2 3.0 ORTEA eae wetccets || stork, Same eaten. cil re eee 
0.208 270 0.4 S25 O23 9.1 G:. SOAS A aD, 4a. 
0.147 34.9 1.0 28.5 0.4 22.5, Oxide bercenscpecubercta os 
0.104 iGi¢ 8.5 25.6 2.4 30.0 1.0 ALO) PAR) 
0.074 10.6 | 20.9 22.0 5.9 23.4 6.0 SLL? 4.4 
—0.074 6.3 | 47.9 12.4 | 27.4 15.0. |, 30.1 47.3 17.7 
PL OUA LE Mats ek ureatee 100.0 6.95! 100.0 5.45! 100.0 5.40! 100.0 10.67 
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576 CLASSIFICATION See. 6. 
Table 18. Performances of Anaconda classifier 
MED aot oor vee ee aes earner =| Anaconda Copper Mining Co. 
Character of feed! 5+. <6 a= Primary feed Roll product 
Size, diameter of cone, ft....... 7 Us 
Type of constriction plate... .. a a 
Ratio of area of teeter to sort- 
ineveolumnsys oe: . Sock = 3.9 3.9 
Diameter of spigot, in... . 1% % 
Hydraulic water, gallons per ton 
Tot feel se aoe nkoon 0 net Sew ee 905 409 
Rising velocity in constriction, 
mmspersecond. ..5.:.s<--- 226 84 
Productta.2 0... ss ne hee Ss ia ge S O F S O 
Tons per 24 hr.. 200 160 40 141 136 5 
Moisture, per cout. 71.3 WL ak 95.6 66.9 55.8 98.4 
Assay, per cent. Gis. See 2.83 2.90 PSS Sh Sa tice MO mn ae, ree 
Screen analysis Weight, per cent. 
e4 OO tim. ree 2G DoS Ph tosac a Petre Os Mico bc. oS nc eee 
DESO Bale eee. 22:0) eee \, Ne Bo co 
CHAT VO so eereatm lina Weaker occ girs 3 Gini eae mca fer See lair. homes cee ok, 
OS be SAN ae). Ebert. a 9 1G SON he er SPSS Piss 1B ons, Pee Abe 
a ae. copa mene OOD Witmer ae 8.4 fac: a | Miartes (ai ce: 
TBA G CF I oe ial I | EO Sa irc del dh irs, "CMM ie Seca |e ned, JA 
(OEE Ey, va seam secs enasrerettes (eee ot i) nce Lena 38.1 Shot Te a. ae 
(0257/1 Vey cae ama) FA) er ee ace nae oR NY ee Oe A Ee ee 8 Sk 
eI eee ee ne aaa i 4 cig Oe eee 29.0 29 ak 4 fost ak aees 
OQES5) cor mead tient orn Me Sr aNise eer 5.4 Gal. Amst ee 
(SROs Al (ee Oe Ted. a Sacre Orb sO 0M 18, ey cot 
OC Gaee ) col wk wales mis ccals 5 5.6 7.96 4.5 4.3 0.2 
=U hey Reais kas) hers st 0) PA || 5.1 2.0 99.8 
NE ean oo ae oe Scene t Anaconda Copper Mining Co. 
Gharacter of feed<....... ccc wud « Huntington mill discharge | Huntington mill discharge 
Size, diameter of cone, ft....... (i 7 
Type of constriction plate... .. a a 
Ratio of area of teeter to sort- 
ing columns. . Seas aaa iae 3.9 3.9 
Diameter of spigot, ime 1% 1% 
Hydraulic water, gallons per ton 
of feed), - 7% .. ne hae crete ae 590 1000 
Rising velocity in constriction, . 
mm per secOMd. .. ws arse bs 64 41 
IPROGRIGtI a sence ils wis. eho ae ts F S O | F S O 
‘Tons: per) 24 hres Ae... 2) °205 154 51 111 89 22 
Moisture, per cent... .....0... 91.4 74.2 97.7 88.4 85 97.3 
Assay, per cent. Cu....+....-. 1.10 1.37 DSO Ni | paictutc is feist omit ses: Seon ee ae 
Sereen analysis Weight, per cent. 
Frc At, a ee eae ee, Agrees ee ee ee a) eee ee 
OF Gin, Ree Sel|| PROS aT Oe MM aA: eee ae Pi 
-5(0.0 a femeeeluamaat peer ae Shi (ep epee IR mea oe a aire cages lalate ten lew Niner, es 
1.68 fc Bc en |e i lie 
1.41 3.4 bas. eee 5.9 am Saal 
1.00 9.0 CY 5 (OS ee ieee | AA) ak ees A. 
0.84 13.5 LG07 "| eee 15.9 i Pes a CREB SE. 
0.71 10.9 4329)" ¢)| ee eres 9.8 LSE 12 tee 
0.50 Lin? 1332 |e Ss 9.7 aie Rhee.) Ak cc 
0.35 9.9 a een ee gee 6.2 Te 9) NARs 
One 12.4 PS Dl cys See 10.9 LAN Tot eal Se 
0.07 Ua7/ 8.6 9.4 6.7 10.9 2 
—0.07 20.5 1.0 90.6 22.8 4.4 98.8 
F=Feed. S=Spigot. O=Overflow. 
a 1 pipe 6 in. in diameter, 2 in. long in plate. 


mesh. Too much hydraulic water used in this run. 


6 Normal work is 2.3 per cent. +200- 
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Table 18. Performances of Anaconda classifier—Continuwed 


GUTS [Sh dl oe Rea Anaconda Copper Mining Co. 
Character of feed........:.... De-slimed roll product 2.5-mm. screen undersize 
Size, diameter of cone, ft....... 2 2d 
Type of constriction plate... .. c c 
Ratio of area of teeter to sort- 
INP COLUMNS 200 Soi hesy oho: 2.8 2.8 
Diameter ofispigot, ins.b....-.) -f6  —«.+ se 14% 
Hydraulic water, gallons per ton 
UPS ba aan Sanne 1165 1100 
Rising velocity in constriction, 
IMs Per SECON en rt oe cae ccs 327 316 
Prodiietes..7), Meee, Ole be PF S O F S O 
Tons permeSur....g.0c. hogs « | 270 102 168 250 LST 93 
Moisture, per cent............ 75.8 83.3 90.8 78.2 oa 94.1 
SAV EDEL CODG Cll seca ae tkust ethic ois a0 « Mick a cooueesll ecscae eechngs 2.69 256. 2.88 
Screen analysis Weight, per cent. 
Se TOUTE, Bw lS ae mey, oe | MMS oo ol 2a Iona ER IR ee tae ee heaves 
DesSar | # fy |-te. ac oh Poh) ual dese dee, deal ERIM ss 4 "| AONE oy ryan a lesa as 
ZOO we” Fo re Sey Pee | ee. oe. ee 7.4 Ld allyson neues 
PROS ices 4 rg eee il een |: cee A Mc SR 12.0 B Woy Ol is Pp ee tars 
eS ae ae tae We ae ee oe 34.3 3.4 Lied, ie ee i eee 
P< O0my oP ei | ee geet 24.7 8.4 13.4 21 Oras en = 
LP! Dees Ceres renee 21.2 17.4 nie Mey 14.8 6.7 
OFA ate entiy- mB aor oe: leo d no cap ay hea eal 9.2 6.1 
(1 Yop | ae weg lis Nee eae 12.0 33.5 (Be 6.1 11.0 
OFS5 95 don [duilte. sisiater 2.2 10.0 TD 2.9 16.0 
Oe le ar re aR a ie oe a Se Pe ae 18.9 10.5 1.9 27.8 
ORO. ete NR eae te) et 6.1 $8, , Oconee ee 26.1 
OG = ae lls ee 2.3 PAE Mes gO 6.3 
AVI, SOM Ste eat euret erent teres Anaconda Copper Mining Co. 
Character of feed............. 2.5-mm.-sereen undersize Primary 4-mm. de-slimed 
Size, diameter of cone, ft 2d 2d 
Type of constriction plate. .... c c 
Ratio of area of teeter to sort- 
INGIOOLLINUS et te este ee P4gs3s 2.8 
Diameter of spigot, in......... 1% 1\% 
Hydraulic water, gallons per ton 
OLCOO ee ets ee esc hie 1050 445 
Rising velocity in constriction, 
mm. per second..........+. 373 136 
PrOGuepy ee. sit S tee tA Tt F Ss H O F S O 
Mansnper 24 NT, ac. vosvers sees | 2% 142 155 322 210 112 
Niowsture, pericents. or. . eu: 74.3 80.7 91.1 elie 72.1 90.9 
Assay, per cent. Cu.... 0.0.2.4. 3.89 4.58 3.15 3.30 3.42 3.24 
Screen analysis Weight, per cent. 
EAR (IOLINTIE Ree AM ELBE NR ores nie etna ad 1.9 Deh  lecren sree 
Fe yee Waa tree ieee see Ope 22.0 OW vce dr eowialens 
2.00 7.2 13.9 anieio EN ARE || erie eege. ° 
1.68 11.8 236: ei ieee. 5. Rortowslltcendact. |. det os Bo 
1.41 7.2 16.5 23.8 SO 32, he oh «ee 
1.00 12.9 20.3 Pelee : cate, GRP. Reeves 
0.84 9.6 13.6 18.9 22.8 Phe} 
0.71 8.8 6.9 ky eed 2 ke ee ain cr 
0.50 8.3 3.8 12.6 vier) 16.4 
0.35 10.6 1.4 4.5 4.2 8.9 
0.17 120 ne | ape. od. 9.7 ad 33.0 
0.07 Os Ore ec cht sc 5.6 0.6 25.8 
—0.07 PG ial lk Lees eee TULL ee fen eee 8.6 


F=Feed. S=Spigot. O=Overflow. ‘ ; : 
c 12 @ 2% 2-in. nipples in plate = 40 sq. in, d Fitted with central feed cone, 
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Table 18. Performances of Anaconda classifier—Continued 


1.1 OD ec peannee games USES tet Oe” oUF PRR ORS RES American Zine, Lead & Smelting Co. 
Tube-mill discharge, : 

Gharactorof fecdk.2 Ser... noe spigot returned to mill Overflow of preceding 
Size, diameter of cone, ft.............. Seos 5 
Type of constriction plate............ g g 
Ratio of area of teeter to sort-....... 

ing columns...... Vopaeoes oe Ol eck ce 4.7 
Diameter of spigot, in........... See. 14% 14% 
Hydraulic water, gallons per ton of feed 264 600 


Rising velocity in constriction,....... 


TH MM PORISe CONG niwtani tak ok eee te wos le le ae eaece 
PROUUCt a rer ee aM. on eee iF S O F S O 
PROTISPOLE CANT neice mace ein tceraynea eh Le 1091 548 543 484 230 251 
Moisture: percent: <..ccbel ie «space t= 61.7 52.4 78.0 78.0 | 72.6 | 89.1 

Screen aperture, mm. : Weight, per cent. 

yt SS A es Ee eR MR bc Sree ovat cy auloten Ne, os Bi 

$ 1.651 1.4 in D> | aeace ben peer Petar eaeteaall (ec beic ace ol eae 

0.833 9.5 26.2 1.3 1.3 8.7 ares 

0.417 23.0 42.9 10.3 10.3 32.9 L273) 

0.208 24.7 20.0 27.0 27.0 Si a2 

0.104 20.3 Dap 29.0 29.0 15.9. | 2027 

0.074 9.2 1.4 14.5 14.5 3.5 21.8 

—0.074 11.9 0.5 17.9 17.9 1.6 36.0 

F=Feed. S=Spigot. O=Overflow. g 16 @ 1%-in. diameter X 2-in. nipples. 


classifiers. Experiment at ANaconpa showed that this should not exceed 250,000 gal. per 
24 hr. with a 7-ft. cone, if it was desired that the overflow should all pass 200-mesh. From 
200 to 250 tons solid could be handled in this volume of pulp. The rising velocity necessary 
in the sorting column is dependent upon the size of the sands; it must be sufficient to main- 
tain teeter. Table 17 shows the results of 3 out of 11 tests on a 28-in. machine fitted with a 
feed cone. The tests show that the performance of the machine is not greatly affected by 
large changes in feed tonnage. Had the amount of hydraulic water not been reduced in 
test No. 2 coincident with the increase in +1.41-mm. material, it is probable that the rise 
in proportion of spigot product and fall in proportion of total free mineral therein would 
not have occurred. The work of 40-in. classifiers at the AMERICAN Zinc, LEAD AND SMELT- 
inc Co. mill when working in closed circuit with tube mills, compared favorably with 
that of a Dorr classifier in the same service, the amount of water in the overflow was not 


excessive and the tube-mill feed could be thickened by the addition of drier material with 
the spigot product. See Table 18. 


Delano classifier (Fig. 22) is used in de-sliming service. Constriction of 
the sorting column is effected by the conical wooden plug at the apex of the 
cone. Capacity of a machine 5 ft. 6 in. diameter treating Missouri lead ores 
is 350 to 400 tons solid per 24 hr.; water consumption 120 gal. per min. (57 
A 430). Spigot opening, 0.75 to 1 in.; moisture in spigot product, 50 per cent. 
Sizing tests of feed and products when thus working are given in Table 19. 


a i) Table 19. Performance of Delano classifier, St. 
foceat Joseph Lead Co. 


Weight, per cent. 
Screen 
aperture, 
mm. Feed Spigot Overflow 
+0.147 64.7 86.8 0.7 
2s 0.104 7.4 8.2 5.2 
| tobefitted exactly 0.074 4.1 2.3 9.3 
} Cyt to classifier —0.074 23.8 2.7 84.8 
a ater 
Lock nut—_ =F Pivot 


Fia. 22.—Delano classifier. 
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Dalton classifier (Fig. 23) is used at the Morning mill of the FepErau 
Mrnine anp Smeutina Co. The machine shown treats 60 tons solid per 


24 hr. with a water consumption of 920 gal. per ton. Performance is shown 
in Table 20. 


Table 20. Performance of Dalton classifier at Federal Mining & Smelting Co. 


Spigot number 
Feed Overflow 
1 2 3 4 
Diameter of spigot opening, in..|........ K% 5% 54 baile cer cerca, 
Moisture, per cent............ 30-60 60 67 72 76 93 
Screen aperture, mesh Weight, per cent. 
+ 40 ToL, od 0.0 CORO fly) etree hee 
100 43.5 54.0 1Q37 GPa hd. tase 
160 19.2 . 14.6 18.1 LO.6.4 Mien aints 
— 160 30.2 26.3 69.2 | 85.0 100 
29g 19" 45. 
i K 
NV Fe 
ah KT RR wy ON 
wY tt S rib 
mi 


Fig. 23.—Dalton classifier. Fie. 24.—Double-cone classifier. 


Double-cone classifier (Fig. 24) utilizes an adjustable inner cone (a) to 
increase and equalize the velocity of the rising current above the sorting 
column and thus enable overflow of sand without undue water consumption. 


At the Midvale plant of the U.S. Sme.tine, Rerinine anp Mrinine Co., a 20-in. machine 
handles 275 tons per 24 hr. of —1.3-mm. feed, discharging sand through a %-in. spigot 
with 70 per cent. moisture; a 30-in. machine treats 240 tons of —0.9-mm. feed; spigot, 
1l/¢-in.; moisture in sand discharge, 75 per cent.; a 40-in. machine is fed 200 tons of — 0.5-mm. 
material and the sand discharge through a %e6-in. spigot carries 83 per cent. water. 


Table 21. Sizing-assay test of feed to pipe 


Pipe classifiers are pipe columns, ‘ , f 
classifier at Bunker Hill & Sullivan Mg. Co. 


usually vertical, fed through a branch 


fitting (Y or tee) let into the column. atti 
They make but two products, viz.: an anentire: Weight, ~ Pb, ; 
overflow and one spigot product. A mesh pee cea: BSS est 
hindered-settling form was used at 
Bunker Huu anp Sutiivan (2 MM ae gee eh 
443) for treating jig-hutch product. 60 14.2 50.3 
Sizing-assay test of feed is given in 80 19.2 42.7 
Table 21. Feed of this character ro ie ras 
assaying 55 per cent. Pb was divided 200 76 49.4 
by the classifier into a spigot product —200 13.0 58.8 
Pb and over- 


assaying 77 per cent. 
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flow containing 49 per cent. Feed from the second hutch of the jig, con- 
taining 25 per cent. Pb made a spigot product with 60 per cent. Pb and 
an overflow carrying 12 per cent. 


4. Design of hydraulic classifiers 


There are several cases to consider, viz.: (1) free-settling shallow-pocket 
launder type; (2) deep-pocket types; (3) tank types; (4) hindered-settlng 
columns for any of the above. The first case involves design of the free- 
settling sorting column and the launder and consideration of the diameter 
of the spigot aperture; the second, that of a roughing pocket above the sorting 
column, whether the latter be free- or hindered-settling; the third, the design 
of the tank for removing slimes; the fourth, the relative areas of sorting column 
and teeter chamber. 

Design of free-settling sorting column. The data required are: (1) ton- 
nage of solid matter to be passed; (2) average size of all of the light-mineral 
grains that are to settle; (3) average diameter of the smallest light-mineral 
grains that are to settle. From Table 1 or from the proper formula (see 
Art. 1) determine the velocity of rising current necessary to raise all light- 
mineral grains smaller than (3) above and also the free-settling velocity of 
the average light-mineral grain. The difference between these two figures 
will give the average settling rate of the light-mineral particles. The volume 
of the tonnage to be passed per unit of time, reckoning all solid as having the 
specific gravity of the light-mineral, divided by the resultant falling velocity 
of the average grain, gives the average solid cross-section of the falling stream 
of solids. The area of the sorting column should be made about 50 per cent. 
more than this to allow for voids in the mass of settling grains. This allow- 
ance, plus the additional allowance that is inherent in the calculation because 
of the less volume and higher falling velocities of the heavy-mineral grains is 
sufficient. 

Launder slope and size must be sufficient to cause the material to travel 
between sorting columns with the water available. General data on launder 
slopes are given in Sec. 20. Normally a slope between 
Y and 1 in. per ft. will be sufficient. 

Spigot diameter, effective head on spigot, size of 
particles to be discharged and moisture content of 
spigot product are interrelated. 

Flow of sandy pulps through pipe-and-plug spigots 
is different from that of water by reason of friction 
of the solid particles against the walls and inner fric- 
tion of the mass. Richards and Dudley (51 A 398) 

105 110 15 120 call the sum of these effects the viscosity of the pulp 
Viscosity=f and give the curves shown in Fig. 25 for determina- 

: tion of this factor, f. These curves are the result 

ieee pas cc Saale of experimental work with a silicious sand (sp. gr. = 
a idebatty (after ich 2.72) ranging in size from about 0.1- to 1.4-mm. The 
ards and Dudley.) experimenters used this value in the following formula 
derived from the fundamental hydraulic-flow equation: 


Q = AcwPohifio 2ult ta bow, 38, a) 
where Q = volume discharged, A = area of spigot opening, c is a coefficient of 
discharge depending on the shape of the orifice, ranging from 0.85 to 0.95 
tor ordinary pipe-and-plug spigots, g is the acceleration due to gravity and h 


Per cent of sand 
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the head on the orifice. They give the following example of the use of the 
formula: 

Example: Required the size of opening to discharge 40 tons of sand (0.1- to 1.4-mm. 
sp. gr. = 2.81) per 24 hr. as a pulp containing 25 per cent. solids through a pipe-and-plug 
spigot with conical receiving end under a head of 3 ft. The percentage of sand by volume 
is the governing factor in this case and is 10.6. From Fig. 25, f fot this pulp is 1.17. Using 
¢.g.s. units and substituting known quantities in equation (12) 

1.17 X 1430 


0.88+/2 X 980 X 914 


and the diameter of the spigot = 1.35 em. = 0.53 in. For coarser sands, higher values 
of f must be used and vice versa. With sand of the size and sp. gr. experimented with the 
maximum volume percentage that could be continuously discharged without clogging 
was 13. 


1.42 sq. em. 


The spigot aperture should be as large as is consistent with the head and 
the volume of material to be passed. The limiting lower diameter is theo- 
retically 3- to 5-times the diameter of the largest particle passing (see Sec. 20) 
but this factor rarely enters on account of the fact that tonnage requirements 
demand a larger opening. 

Design of roughing pocket is the same for both free-and hindered-settling 
classifiers. The fundamental principle is that the rising velocity across the 
area x y (Fig. 26) should be the same as that in the ! 
free-settling column below. The volume moving past sk 4 
this section is that of the incoming pulp plus the ¥ 
added rising water less that of all previously settled 
solid. It is wise to keep the section «—y as nearly Average 
square as possible in order to reduce eddying. The | _ pulp surface 
slope of the sides of the pocket should be between 
60 and 75° from the horizontal, the steeper the 
better, in order to prevent sands from banking. If 
banking occurs the work of the column will be 
disarranged every time the bank caves and this will 
be a frequent occurrence unless the feed is extraor- 
dinarily regular. Steepness of slope must be balanced against resulting loss of 
head room. 

Design of classifier tank is the same for both free- and hindered-settling 
machines. The tank is fundamentally a deep pocket for roughing out slimes 
and is, therefore, calculated to have a surface area such that the velocity 
of the rising current across the horizontal section at the level of the overflow 
lip will lift the coarsest particle that it is desired to overflow. The volume 
of rising current is the feed-pulp volume plus the total volume of hydraulic 
water rising in all sorting columns less the volumes of solid passing out of 
the spigots. The slope of the sides and discharge end should be at least 60° 
from the horizontal and better 70 to 75° to prevent banking. The feed 
end may slope as little as 45°, dependence being placed on the plunging effect 
of the incoming pulp to prevent banking here. The bottom slope should be 
1% to 3 in. per ft.; the greater slope gives greater capacity but tends to throw 
oversize into the later spigots. The sides of the tank necessarily flare toward 
the overflow end. Their slope is kept constant throughout the length. A 
safety spigot without rising current should be provided beyond the last 
hydraulic sorting column in order to discharge sand that is carried past this 
column but cannot be overflowed. This spigot may discharge continuously 
or intermittently according to the performance of the classifier. The product 
will be predominantly fine sand, but will contain considerable slime. 


Fic. 26.—Roughing 
pocket. 
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Design of hindered-settling column. The area of the constriction is 
determined in the same way as the area of a free-settling sorting column. The 
constriction may be a hole in a plate or at the bottom of a conical tube, if no 
rising current is to be employed, but with rising current a plurality of small 
holes is better than a single large one and experiments at ANaconpa (46 A 266) 
indicated that tubes a couple of inches in length tapped into a plate were 
better than a perforated plate or screen alone. The ratio of the area of the 
teeter chamber to the area of the constriction is important. Experiments at 
ANACONDA (loc. cit.) showed that for each size of grain there is a certain maxi- 
mum density that can be maintained in the teeter chamber and yet permit 
discharge of solid through the constriction. If the ratio of the area 
of the teeter chamber to that of the 
constriction is too great, no sand can 
fall through the constriction when full 
teeter exists, and if the current is reduced 
to allow sand to fall, banking occurs in 
the teeter chamber and capacity Is re- 
duced; if the ratio is too small, teeter can- 
not be maintained but free settling will 
errr Tra CET € VALET SR take place. The Anaconda experiments 

Sicatin mibencters of Henn indicated that the PERMISSIBLE DENSITY, 

grain to be overflowed meaning that co-existing at full teeter 

Mice Rae Maoh at ee: with free discharge through the constric- 

chamber and constriction in a hind- Beenie inversely as the square root 

erodisetibne, colutin, of the surface of a given weight of grains. 

The ratios of area of teeter chamber to 

area of constriction necessary to give the permissible density for different 
grain sizes may be read from Fig. 27. 

Design of a hindered-settling tank classifier involves all of the elements 
of design of other types. 


Ratio of area of teeter chamber 
to area of constriction 


Example: To design such a machine with 4 spigots, to treat 200 tons per 24 hr. of 
—2.5-mm. feed in a pulp containing 25 per cent. solids, overflow —0.07-mm. material, 
and divide the sands into 4 products of such nature that the size range of the light-mineral 
particles will be the same in each spigot. Suppose that screen analysis of the material 
shows the following size-weight relations; —0.07-mm., 8 tons per 24 hr.; 0.07 to 0.68-mm., 
72 tons; 0.68 to 1.29-mm., 56 tons; 1.29 to 1.90-mm., 32 tons; 1.90 to 2.5-mm., 32 tons. 

To determine the constriction area for the first sorting column: the volume of solid to be 
passed per second, taking the sp. gr. of the light mineral at 2.6, = 4040 X 32 = 129,000 
cu.mm. The mean diameter of the solids that are to settle = (1.90 + 2.50)/2 = 2.2 mm. 
The settling velocity of the mean particle = 178 mm. per sec. (From Table 1.) The set- 
tling velocity of the smallest particle = rising current to be supplied = 163 mm. per sec. 
The net falling velocity of the solid = 178 — 163 = 15mm. per sec. The cross-section of 
the falling solid, considered as a solid bar, = 129,000/15 = 8600 sq. mm. The area of the 
constriction should be 1.5-times this area = 1.5 K 8600 = 12,900 sq. mm. In similar 
fashion the areas of the other constricted sections are found to be: column 2, 6680 sq. mm.; 
eolumn 3, 14,100 sq. mm.; column 4, 11,030 sq. mm. If single pipes were to be used for 
the sorting column, 5-, 4-, 6- and 5-in. pipes respectively could be chosen. Most designers 
would furnish 5-in. pipes for the first two columns and 6-in. for the last two on account of 
greater simplicity in construction. The areas of teeter columns may be obtained by multi- 
plying the constriction areas by the following factors taken from Fig. 27: No. 1, 1.5 (extra- 
polated); No. 2, 1.9; No. 3, 2.8; No. 4, 10.5; making the areas, on the basis of 5- and 6-in. 
sorting columns as above, 30, 38, 81 and 304 sq. in. respectively. The corresponding nearest 
standard pipe diameters are 6 in. 7in., 10 in., and 20 in. The length of sorting column 
necessary increases with the size of material that is to be overflowed. Bardwell (46 A 266) 
states that 4 in. is sufficient for a de-slimer column and 8 in. for most cases. The area of 
the tank at the overflow level is computed to give a rising current of 4.1 mm. per sec. with 
the feed water plus the rising hydraulic water overflowing. The feed water is 600 tons 
per 24 hr. The volume of hydraulic water rising cannot be calculated accurately but may 
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be estimated with sufficient precision by assuming that 50 per cent. of the area of the con- 
striction is unoccupied by solid. Under this assumption the available area in 5-in. standard 
pipe is 6450 sq. mm. and the volume rising, at 163 mm. per sec., is 1,050,000 cu. mm. 
per sec. The volumes from the other columns are 755,000, 642,000 and 38,200. The 
total overflow is 8,805,200 cu. mm. per sec. The required area = 8,805,200/4.1 = 2,140,000 
sq. mm. = 23.2 sq. ft. A tank averaging about 2 to 2.5 ft. wide by 9 to 12 ft. in length 
is indicated. The depth of the tank and the size of spigot opening are interdependent. 
The first spigot must discharge 32 tons of solid per 24 hr. with, say, 96 tons of water. The 
determination of proper depth (head on discharge) and diameter of spigot is made by trial 
and error. Assume 4 ft. head. Then, from equation (12) (p. 580) the spigot diameter must 
be 13% in. Ifa smaller spigot opening is desired the tank must be made larger and vice 
versa. The slope of the tank bottom should be at least 114 in. per ft. and this slope, with 
the depth above the first spigot fixed, fixes the depth above the other spigots. From this 
depth the diameters of the other spigots may be computed, 


5. De-sliming classifiers (non-mechanical) 


Whoie-current classifier is shown in Fig. 28. Pulp enters behind the per- 
forated baffle (A) and is distributed in a series of streams, as indicated, across 
the transverse section of the classifier. In order 
that a particle may settle out of the stream it is fs con Hea (chia 7 
necessary that it settle to the bottom before it is qo 
carried through the perforated baffle (B) at the dis- es Vv aie q 
charge end. On the discharge side of baffle (B) the <3 breadth=b_ _}|_ 
velocity of the rising current is »v = Q/xb and as x Lz . 
is less than J, all particles that failed to settle before aaa 2b uae aires 
reaching (B) will be readily lifted. If@Q = the total 
volume of entering pulp; 1, b and d = length, breadth and depth of the classi- 
fier respectively and H and V the horizontal and vertical resultant velocities, 
respectively, of a solid particle whose diameter is D and density 6, then d/V 
must be less than //H for a particle to settle, 


FSO (GG OTe SEL ea, OS ren ines) 
V =v,— v2 


where v, = the falling velocity of the particle in still water = CV D(6 — 1), 
and vw = Q/bl. 


Vis ON, Da) — 10) bbs. Behe vac lem a Meal (1A) 
The limiting condition is when 
ete (15) 
V H ° . ° e . . . ° . 
a d lbd 
= ae ee irs eae sys (16) 
CVs 1) — Opie 2 
from which r f 
2 
eae oe RT fhe tes odes bl 
D=—*5(%) Tp an (17) 
and : os 
lb evi 006 = ie Gitaas Si ena LS) 


© (po a1. 


It will be noted from equation (17) that the size of particle that can be sep- 
arated in a given whole-current classifier is independent of the depth and of 


the relative proportions between length and breadth. 
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For particles below the ‘critical size”? (Art. 1) 


v, = KD?(6 — 1) By equation (2). 


Then 
V = KD*(6 — 1) 2 OF 0 en, aoe een) 
20 
ID eS Vee Se ae a Lee tebe (2X8) 
and 
bl’ ea nt (21) 


KD 2(~ al) Seto 


Whole-current classifiers are rarely used for the reason that they require more 
floor space for a given duty than do surface-current machines, as will appear 
below. 

Sloughing-off boxes or V-boxes are the commonest form of whole-current 
classifier at the present time. They consist of a V-shaped box, with sides 
sloping 50 to 60° from the horizontal, 10,to 50 ft. long and 4 to 8 ft. deep. 
They are usually without partitions, but are discharged by means of spigots 
or goose-necks at several points along the length. Their principal use is as 
dewaterers and de-slimers where clear overflow or clean sand is not essential. 
Table 22 (1 OD 463) gives sizing tests of the combined spigot product and 
overflow of a 4-spigot tank 4 ft, deep by 17 ft. long. 


Table 22. Performance of a 4-spigot V-box 


it 
Weight, per cent. 
Screen 
ss Combined 
y spigot Overflow 
products 
+0.37 1) SR Ra nee eer 
0.27 Dictln GWNI GR. sees e: <cxeebs 
0.16 LARC Ie SRN Rear Scrat 
0.12 TER | cee eects 
0.07 LGA ah ree, Cece 
—0.07 62.2 100.0 


Fie. 29.—Surface-current classifier. 


Surface-current classifier is shown diagrammatically in Fig. 29. Pulp 
enters over the feed sole (a) at the same level as the overflow. There is a 
distinct surface current toward the overflow lip, as indicated, but there are 
also many eddies of the general character indicated. Solid particles that fall 
out of the surface stream must settle against the rising current, which, while 
it varies from point to point over any horizontal section and may even be 
negative (7.e., downward) at some points, nevertheless has an average upward 


velocity 
wre 11D. ilestebid Mg Aaa bipee nen 


If v, is the settling velocity of a given particle, »; must be greater than v in 
order for the particle to appear in the spigot product, 
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For particles larger than the critical size (Art. 1) », = C+/D(6 — 1) 
(Art. 1, Eq. 4). In the limiting case v = »,, hence 


NIE ne CeO a: er re (23) 
from which 
gl 
ion) 2) 
and 
Q 
i ee SS 
Cx, DGS — 1) (2) 
For particles below the critical size: 
eee Q 
ID = SIG =i) ane (26) 
and 
bl Q (27) 


pK DCs 1)? 


Comparing equations (24) and (26) with equations (17) and (20) it will be 
seen that finer particles can be settled in a surface-current classifier of given 
horizontal cross-section than in a whole-current machine, and conversely, 
by comparing equations (25) and (27) with (18) and (21), to settle particles 
of a given size the surface-current classifier requires but half the surface area 
of the whole-current apparatus. 

Rittinger spitzkasten is the typical form of surface-current classifier with- 
out hydraulic water. It consists of a series of pointed boxes, similar to Fig. 
29, increasing in depth and area toward the discharge end. Rittinger recom- 
mended that the first box be made about one inch wide for each cubic foot 
of pulp fed per minute and that the width of each succeeding box be twice 
that of the preceding. For 20 cu. ft. of pulp per min. he recommended 
lengths of 6, 9, 12 and 15 ft. respectively for 4 boxes. The sides should slope 
at least 50° and better 60° from the horizontal. Slopes of the connecting 
launders should be: about 14 in. per ft. for the feed launder, 1% in. per ft. 
from the first to the second box, 6 in. per ft. from the second to the third, 
and > in. per ft. from the third to the fourth. Richards’ experiments (27 
A 249) indicate that the feed sole should slope about 5° from the horizontal 
and should enter on the same level as the overflow. The overflow should be 
level. Eddyingwillinvari- Table 23. 
ably cause much slime to hydraulic water. (a) 


Performance of 2-box spitzkasten without 
(After Richards) 


enter the spigot products. 

Discharge of coarse mate- Sereen Weight, per cent. 

rial is made through pipe- aperture, 

and-plug spigots at the year Spigot 1 Spigot 2 Overflow 
apex of the box; fine mate- ood ae 

rial is discharged through | "9°67 os | itil ES ace Waid ES" ois 
goose-necks. In some 0.49 Abe RR. ee eerie TUN hte: 
eases successive boxes are 0.37 L000 foieeee ewes tfee reese sees 
joined so that the upper an ae pects A geHOe 088 
edge of the division wall is 0.12 13.2 13 aivohagl o 
below the overflow level as 0.07 22.5 10.9 1.6 

in Fig. 17 and no connect- eee Bae 87.4 93.0 


ing launders are needed. 


a Baffle plate in second box to direct current downward. 


Performance of a 2-box machine treating lead ore, the overflow from a hydraulic classi- 
fier, is given in Table 23 (1 OD 462). 
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Spitzkasten with hydraulic water are used in some Joplin zinc mills to prepare feed for 
table concentration. Table 24 (57 A 453) gives results of the operation of a 9-box classifier 
of this type. 


Table 24. Performance of 9-compartment hydraulic spitzkasten on Joplin zine ore 


Spigot numbers 
Over- 
Feed ase 
a 2 3 4 5 6 G 8 9 
«Size of box at top, in.square,|...... #6” |eel | 22))) 28 1-30 | 35 | 41 |) 48, (easels oe 
Depthvot DOK, Ws ..  pieps ee =e leveremtas 247) 26.) 30_| 36 | 46 | 46 \-54) 54 1°54 faa 
Spigot diameter, in...0.2.-. 22... 1 %|\|K%)%)\) ww %B) KB] BKI...---- 
TROMSEDER MOUP wiser viel elle =e & .¢..../0.73]/0.80]0.67|/0.37|0.47|/0.24/0.14/0.22/0.08)...... 
| 
Sereen aperture, mm. Weight, per cent. 
+0.833 CSUR AMOI ee woes oe celles ele seBhe aces oe oc 
0.417 15.0'/2538)21.5| 1622) 9.3) 322)°0..7) 0,2) 0. New.) 38.8 
0.208 32.1 |38,5/43.0/40.3/35.4/25,6)/11.2) 5.4) 1.3) 1.0) 0.1 
0.147 19.0 |15.8]15.7|18.2/21.5/27.0/26.2|16.4| 7.3] 4.8) 4.5 
0.104 18.7 |10.8]11.3)14.3]18.2}24.6)34.2/33.8)24.8)27.0) 4.4 
0.074 6.5 | 3.6] 3.6] 5.0} 7.6/10.0)13.3/16.6/21.9/20.3) 3.0 
—0.074 8.3 | 4.7) 4.2) 6.1] 8.0) 9.6/14.4)27.6)44,6/46.9) 84.2 
1 


Callow tank (Fig. 30) has the form of an inverted cone with 60° apex 
angle. It is used either for de-sliming or dewatering. The principle is the 
same as that of all rising-current free-settling classi- 

Foy it £ pep hat | fiers. Success has been due to simplicity and excel- 
\ a lence of design. The overflow rim is a cylindrical 
& steel band, cleated at intervals to the cone wall 
near the top, the joint made tight by first packing 
with oakum then pouring in a thin cement grout. 
When “ An endless rubber belt stretched tightly around the 


Wee ox : breig bring metal band is readily leveled, after the tank is full, 
—— by tapping with a wooden mallet. Spigot discharge 


Fra. 30.—Callow tank. 18 effected through a bushing or plug cock at the 
apex or by a goose-neck siphon. Feed is introduced 

at the center through a pipe 5 to 12 in. diameter projecting 6 to 10 in. below 
the overflow level. The rating is based on the diameter of the overflow band. 
Weight varies from 165 Table 25. Screen tests of feed and products of 5-ft. Callow 


lb. for the 2-ft. size to cones at Tonopah-Belmont Development Co. 

650 lb. for the 8-ft.; 

rated capacity of the 2-ft. Weight, per cent. 

cone in de-sliming serv- oe 

ice is 24 tons per 24 hr.; ; 

4-ft., 100 tons; 8-ft., 400 mae poe ee 
tons: im slime dewatering, 0.147 1.0 Dest ay Mee esereter eee 
4-ft., 6 to 8 tons;, G-ft., 14 | | 4 Gra ae OF sik ce” tena 
to 18 tons; 8-ft., 25 to30 | —o 074 72.3 72.0 100.000" 
tons. 


Performance. At Tonarpan BrtmMont DeveLopmmntr Co. 5-ft. Callow cones handle 
70 tons solid per 24 hr. in a pulp containing 85 per cent. moisture. The spigot product 
contains 79 per cent. moisture and the overflow 87 per cent. Screen tests of feed and 
products are given in Table 25. At Unirep Easrmrn (63 A 654) Dorr-classifier overflow 


Art..5. 


was sent td 8-ft, Callow cones. 
each cone ranged from 16 tons solid and 1100 
tons cyanide solution to 213 tons solid and 
970 tons solution (87.3 and 82 per cent. solids 


respectively) per 24 hr. 


was through a 1.5-in. goose-neek fitting 30 in. 


below the cone overflow. 


uct at the maximum solid-feed rate given 
_ was 73 tons solid and 85 tons solution (54 
per cent. moisture); 
solid, 884 tons solution (86.3 per cent. 
moisture). Sizing tests of products are 
given in Table 26. 
watering service 


Art, 5, 


is given 
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The feed to Table 26, Sizing test of products of 8-ft. 
Callow cone, United Eastern 


H, 


 p 
emergency \. 
valve Closed 


. . 2 Weight, per cent. 
Spigot discharge Abertae 
The spi : oe 
OS PIgO¥ DOS Spigot Overflow 
: 0.208 (ess & hie cere eae 
overflow, 140 tons 0.147 Sew \ice. Pacis 
0.104 32.0 2.5 
; 0.074 21.0 pO eas) 
Performance in de- : , 
in Seo. 16, —0.074 12.0 86.0 
feed Homestake method 
Jaunder . z 3 
Dep ise >| of series classification 
: ail in cones (22 IMM 90) 
eS | | Overflow is shown in Fig. 31. 
Sisal ape Feed enters the larger 


cone, which is run with 
a small discharge bush- 
ing so as to overflow 
about 88 per cent. of 
the total solids. The 
small cone re-works 
the spigot product of 
the first. Sizing-assay 
‘ tests of products are 
2 given in Table 27. 


LONE a 


(8 Sy 


Hindered-discharge 
cones 


The difficulty in 
maintaining a continu- 
ous discharge of thick 
sandy pulps from set- 
tling tanks has led to 
several expedients. The 


Low+pressure 
water>& 


Fig. 31.—Series classification in cones at Homestake. first and most obvious 


Table 27. Performance of series cones at Homestake 
Small cone 
Overflow from 
large cone 
Overflow Sand 
Aperture, 
mesh 
* Gold, ; Gold, as Gold, 
Weight, dollars Weigh : dollars we ie dollars 
pericont: per ton urrag eee per ton E t per ton 
7 cot ats en ORR wna Se CRE RT| re Sere Neti Pe niece aetna 
be Meshes Ad Sell ae that ce tater mane A Somnsa! 3" aes 47.0 2.00 
80 5.5 1.09 12.5 0.53 34.0 2.97 
100 3.5 1.45 LEO 0.88 10.0 4.66 
200 22.0 1.36 28.0 135 6.0 5,40 
— 200 69.0 1.36 48.5 1,22 30 4.43 
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was intermittent manual discharge of the spigot product, allowing time between 
discharges for the coarser material to build up to a considerable depth and 
squeeze out water and suspended slime. This method was succeeded by a 
mechanically-operated intermittent slush gate. The Caldecott diaphragm 
in a steep-sided cone was the first successful device for continuous discharge 
of thickened sand. It was followed by the Allen cone, and Boylan and 
Wood classifiers, all of which are conical or pyramidal tanks with intermittent 
discharge automatically controlled. 
Caldecott cone (Fig. 32) consists of a sheet-iron conical tank, with apex 
angle not more than 60° for coarse feed and about 40° for fine, having a disk- 
7 diaphragm near the apex, so sup- 
anaes as = te in as >| ported as to leave an annular space 
between its edge and the cone wall. 
The cone is center-fed through an 
inlet pipe 6 to 8 in. diameter, 
carrying a disk-shaped baffle a few 
inches below the lower end. The 
area of exit between pipe and baffle 
should exceed the area of the pipe. 
The feed pipe should project 12 to 
18 in. below the overflow level. 
The lower end of the cone wears 
most rapidly and is usually a hard- 
iron casting with removable bush- 
ings. It is fitted with an easily 
replaced sliding gate by means of 
which the flow can be regulated. 
The velocity of the rising current is 
predetermined within a certain 
range by means of the cylindrical 
sheet-iron ring surrounding the feed 
pipe. This fixes the maximum cross- 
section of the rising current. In 
wee operation the cone is allowed to 
Fre. 32.—Caldecott cone with double fill with sand to a height about 2 
diaphragm. ft. below the overflow lip at the 
, _ center and extending nearly or 
quite to the overflow level at the periphery. The usual dimensions of the 
cone are 6 ft. diameter by 9 ft. deep and 8 ft. diameter by 10 ft. deep. The 
size and placing of the diaphragm are matters of experiment. With 
sandy feed the diaphragm is placed 12 to 18 in. above the spigot opening 
and the width of the annular opening is 0.75 to 2 in., the larger figure for 
finer* material. For finest sand and slime the annular opening must be 
larger, in order to prevent bridging of thickened material. It is made 3 to 6 
in. across, and the diaphragm must, therefore, be carried somewhat higher 
in the cone. Fig. 32 shows a double diaphragm for treating fine material. 
The purposes of the diaphragm are to slow down the flow of sand toward 
and through the spigot, and to prevent center-piping and bridging. Bridging 
cannot occur at the spigot because of the direction from which the solids 
approach, 7.e., obliquely convergent down the walls of the cone from the 
periphery of the diaphragm. Center-piping is prevented by the intervention 
of the diaphragm across the axis of the possible pipe. This eliminates rapid 
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settling and discharge of coarse material, which is the cause of piping in ordi- 
nary cones. Discharge through the spigot is slowed down by decrease in 
pressure effected by friction losses in the annular space surrounding the dia- 
phragm, and the rate of approach to the spigot is limited at the same time 
by the same phenomenon. 

The action in a diaphragm cone is substantially free settling with both 
horizontal and vertical currents. The construction of the feed pipe is such 
that the pulp stream starts flowing horizontally in all directions. Heavy, 
coarse sand is dropped near the center and finer sand near the periphery. 
With all conditions constant the surface of the settled solid stabilizes in such 
a position that the rising velocity in the annular section at the overflow level 
is just sufficient to lift the coarsest overflow particle, and settled solid is with- 
drawn through the spigot at a rate just equal to that of deposition. 

Sizes and moisture content of the products relative to size and moisture 
content of the feed are affected by change in rate and character of feed and 
*a size of spigot opening. If the size of particles and tonnage of solid matter in 


| the feed remain constant, change in the amount of water sent to the classifier 


will not permanently affect either the size of products or the moisture content 
of the spigot discharge. Increase in quantity of feed water will cause instant 
_ increase in rising velocity of the overflow pulp with consequent scour of the 
sands, until the velocity over the increased cross-section is the same as it was 
before the change, when deposition and spigot discharge will again proceed 
at equal rates. Decrease in quantity of feed water will cause deposition and 
constriction of the overflow stream until deposition and spigot discharge again 
equalize. Decrease in size of feed particles without change in pulp volume 
will result in lessened deposition and, if discharge continues at the same rate, 
lowering of the sand surface and increase in cross-section of overflow stream. 
This will result in lessened velocity of the overflow stream and increased deposi- 
tion until deposition and discharge rates equalize. At this time, since finer 
material is depositing, finer will also overflow. Similar reasoning shows 
that coarser feed will produce coarser overflow and coarser spigot product. 
The moisture content of the spigot discharge is dependent largely upon the 
percentage of voids in the settled solids, when packed as tightly as they will 
' pack under the conditions of settlement. Coarse material has less voids than 
fine, hence less moisture; material containing particles of considerable range 
of sizes has less voids than that closely sized and hence less moisture. Con- 
current change of moisture content and tonnage and/or size of feed particles 
may completely change the character of the discharge through a given spigot. 
Thus concurrent decrease in moisture content and solid tonnage will lessen 
| overflow velocity and tend to cause deposition of finer material. At the same 
_ time the surface of the settled solids will lower by reason of excess of discharge 
over deposition, overflow velocity will be further reduced and yet finer mater- 
jal deposited. Assuming ultimate equalization of deposition and discharge, 
stabilization will occur with a large increase in the amount of fines depositing, 
and there will be corresponding increase in the fineness of both spigot and 
overflow products. The result, as concerns moisture content of the spigot 
| product, cannot be predicted accurately; the greater size range will tend 
| toward less moisture and the finer size toward more. It should be noted also, 
in this analysis, that if the reduction in moisture content is sufficiently great 
and there is enough fine solid present to produce a suspension that acts like 
| a liquid of high specific gravity, the carrying power of the overflow may he 
sufficient to lift coarse material, and if the spigot is changed to prevent lowering 


590 : CLASSIFICATION Sec. 6. 


of the sand level, the size of the products and the moisture content of the spigot 
discharge may be maintained unchanged. When the water content of the feed 
decreases and solid tonnage increases, the respective effects are conflicting; 
the volume passing may increase or decrease, the carrying power of the current 
may increase by reason of an increase in specific gravity, and the sand level 
may either raise or lower, if the spigot size is maintained. The probable 
result is coarser overflow and an increased tonnage of coarser sand with slight 
decrease in moisture content. Concurrent decrease in moisture content and 
size of feed will usually result in marked decrease in size of spigot product and 
overflow, although, owing to increased apparent density of the overflow pulp, 
it may be possible to keep the overflow size up by decreasing the spigot open- 
ing. All other things remaining constant, increase in spigot opening will 
give finer products and vice versa. Since the spigot opening is ordinarily the 
only variable in control of the operator he thereby compensates for changes 
in quality and quantity of feed. 

Performance. The Caldecott cone has had its greatest development in 
Rand gold mills, where it has been used to guard tube-mill discharge and return 
sands for re-grinding. In this service an 8-ft. cone will discharge 400 to 600 
tons of +90-mesh (0.006-in.) quartzitic\sand per 24 hr. in a pulp containing 
about 30 per cent. moisture when the feed contains about 40 to 50 per cent. 
of —90-mesh slime. 


Results with an 8-ft. double-diaphragm cone at SIMMER -AND JACK are given in Table 28. 
At a Mexican mill (10 JCM 287) a cone 4 ft. 10. in. deep by 4 ft. diam. fitted with a dia- 
phragm 8 in. from the apex, leaving 1.5-in. annular space, was fed at 240 tons per 24 hr. 
Results are given in Table 29. At the Sr. JosrpH Leap Co. Bonne Terre mill (57 A 432) 


Table 29. Performance of 4-ft. Calde- 


cott cone 
Table 28. Performance of 8-ft. double- 
diaphragm Caldecott cone at Simmer and é 
Jack. (11 JOM 828) Msi pipet dp 
a ee Aperture, 
; mesh 
Weight, per cent. Feed Sand |Overflow 
Aperture, 
inch 30 18.5 34.5 025 
; Sand |Overflow| Feed 40 10.0 16.5 1.0 
80 215 33.5 8.0 
Total 58 A2 100.0 100 1.0 y ie 1-5 
+0.01 Asie ted. 6.8 150 12.0 8.0 Laie} 
0.006 oh) ee ed ares eee 18.2 200 3.5 2.0 9.0 
0.003 43.1 2.0 25.8 — 200 33.5 3.5 68.5 
—0.003 ise 98.0 49.2 3 
ys Moisture, 
per cent. 90 34 93 


a 6-ft. Caldecott cone handled 400 to 500 tons of —2-mm. sand tailing per 24 hr., made 
an overflow containing no material coarser than 0.1l-mm., while the spigot product averaged 
28 per cent. moisture. The sand level was held about 2 ft. below the overflow. A sizing 
test of the spigot product is given in Table 30. Mixed jig and table galena concentrate 
was discharged from a 6-ft. cone with 11 per cent. moisture, but intermittent discharge was 
necessary on account of the variable feed rate. 


Automatic diaphragm cone used at Mt. Lyell (38 Aa 109) is shown in Fig. 
83. With no sand in the cone, the counterweight closes the spigot valve. When 
settled sand rises to the cylinder on the plug rod the drag of the sand 


pulls the cylinder down and opens the valve. Performance is shown in 
Table 31. 
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Table 30. Sizing test of 

spigot product of Caldecott 

cone dewatering tailing, St. 
Joseph Lead Co. 


Aperture, Weight, 
mm. per cent. 
1.651 2.59 
1.168 9.61 
0.833 17.64 
0.589 22.95 
0.417 15.13 
0.295 10.87 
0.208 7.27 : 
0.147 6.65 af 4 
| 0.104 5.18 Fie. 33.—Automatic dia- 
| 0.074 1.25 phragm cone at Mt. Lyell. 
I —0.074 0.86 
| 100.00 
| | 
Table 31. Performance of automatic diaphragm cone at Mt. Lyell 
Weight, per cent. 
BIR Lyell Comstock North Mt. Lyell 
| Ea ia eee uye. mstock ore orth Mt. Lyell ore 
Feed Sand Overflow Feed Sand Overflow 
} 20 47.7 Gr Bema ert 63.6 DOO a halle oh caw th cetescds 
| 40 14.4 ZIG. |. liaperdeeee ences 12.3 16’) SUR 0% 
! 60 ea nT ead eet eae 4.2 Sue ANE onsen nic 
90 6.8 TA ees | hearer Ba 4.5 0.4 
120 Do ile 2.5 3.9 2.8 ileal 
s 150 Shali 6.4 3.8 yl 0.8 de, 
— 150 14.8 1.9 93.7 10.7 lee 97.3 


Another automatic-discharge device is shown in Fig. 34 (22 JOM 74). 
The counterweight is set to discharge the proper tonnage at the desired per- 
centage of moisture. Ifthe pulp thins 
down, the velocity of discharge increases, 
with resultant increase in friction and 
pressure on the valve plug and the 
valve closes somewhat, thus retarding 
discharge and permitting solids to build 
up again. The device gave satisfaction 
| at Ferreira Derp mill on tube-mill 
cones as compared with manual regula- 
tion of standard Caldecott cones. The 
normal moisture content of spigot product 
was 25 per cent. and a sizing test showed 
57 per cent. +60-mesh, 33 per cent. po 34 Automatic diaphragm cone. 


+90-mesh and 10 per cent. —90-mesh. 
Allen cone (Fig. 35) consists of a conical sheet-iron tank, center-fed, with 


- peripheral overflow of slime and automatic regulation of sand discharge. 
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The spigot regulator consists of a spring-controlled link mechanism actuated 
by a float (fF). Feed entering the center pipe (A) is distributed by the baffle 
(B), flows into the tank proper, the sand settles out and slime overflows the 
lip (L). When the upper surface of the settled 
sand reaches the position shown in the sketch, 
water backs up in chamber (C), float (F) 1s 
lifted, the valve rod is depressed and the ball 
valve (J) opened. Resistance to opening is 
varied by the weight (K). The valve seat is car- 
ried on aswinging plate, so arranged that when 
the spigot opening is swung to one side for 
inspection or replacement, the lower end of 
the cone is closed by a blank plate. New 
spigot liners can be dropped into place quickly, 
thus making it unnecessary to shut down. The 
cross-section of the overflow may be lessened 
by introducing a REDUCTION RING (2), which 
Tatas Nilo cune increases the rising velocity and consequently 
increases the size of particles overflowed. The 
effect is shown in Table 32. A diaphragm (D) is used to reduce the per- 
centage of moisture in the sand discharge and to regulate the flow of solids. 
Standard sizes are given in Table 33, 


Table 32. Effect of reduction ring on performance of Allen cone, Shannon Copper Co. 
(Allen Cone Co.) 


Weight, per cent. 
Aperture, Wi P F 5 r ts 
at ithout reduction ring With reduction ring 

Feed Sand Overflow Feed Sand Overflow 

On 0.295 29.9 DS Oe at ae oes 37.2 56:4. Ve ee 
0.208 15.3 BOD mo raihis-ins Deets 12-1 j 17-5 1.6 
0.147 13.1 16.5 0.4 122 17.0 220 
0.104 * 4.1 4.7 0.6 4.7 571 3.8 
0.074 6.5 5: 0.9 2.6 1.2 Sai 
Through 0.074 r2)i Bea | 12.8 98.1 3152 2.8 88.8 


Table 33. Standard sizes of Allen cones for concentrating mills. (Allen Cone Co.) 


Manufacturers’ | Diameter at Fall, feed inlet Weight, 

numbers overflow lip to spigot pounds 
40-1 BY = Oe 675 
40-0 ASG C27 825 
40-2 Ke OY? (ee 1050 
40-3 San’, Of Aa!’ 1600 


Performances are given in Table 34. Delano (57 A 440) says that a 6-ft. cone will 
treat galena concentrate ranging from 9-mm. down to 5 or 6 per cent. —200-mesh and 
carrying 83 per cent. water at the rate of 100 tons per 24 hr., make a spigot discharge con- 
taining 12 per cent. moisture and yield a clear-water overflow. On tailing ranging from 
2-mm. to 0.14mm. the same cone will treat 300 tons per 24 hr., yielding a spigot product 
containing 28 per cent. moisture and a clear overflow. He states that sand coarser than 
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3-mm. would be difficult to dewater unless it contained a large percentage of fines. 
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Watt 


(67 A 440) says that a 4.5-ft. cone will handle 145 tons per 24 hr. of the undersize of a 10- 
mm. screen, yielding a spigot product containing 28 to 30 per cent. moisture and with less 
than 3 per cent. coarser than 200-mesh in the overflow solids. 


Table 34. Performance of Allen cones. 
r Mine La Mine La Burro 
Mine Motte(6) Motte(b) Mountain(b) 
Character of service... st. fave Gee: De-sliming De-slimin; De-slimi 
Mons solidbwert2 sehr... [We ctae ses crag wreciers 146 : 62 - 129 
Per cent. solids, insfeed 286 210. Fe 1255 Uaih 18 
IRELICOMULSOMES NGS AI cre ok Sesice ese ee ltradincdhe. dae nuctnepemorallteaee. a okaeudapare ocak c 
HETIGEME SOUS NL OVER WO Wale a cisssccl sett Foss Hews Se sewers eel e hae eae Cc 
Sizetoutocds sats ein, Sones Ot ee OF. a a { me e a. 
Siverofasandmproduet. 4. cern. eee: a Gist) Fie 4 A es ; 
Overflow, per cent. through 200-mesh. . . a a 88 
Diameter of tank, ft.-im. 27... es 4-6 4-6 4-6 
Arizona Shannon St. Joseph Lead 


Mine 


Copper Co.(6) 


Copper Co.(b) 


Co. Bonne Terre 


@haracter Ol service sasss ee. ee we ee 


De-sliming 


De-sliming 


Dewater. conc. 
0 


AMonsisoldaper 24 bE. wae pee cw ess 370 1442 12 

Per cent. solids in feed... i... ..5........ 25 3 35 

TOR IN Doren Pe CE Tore are a ee ee ey i een ee Mee ros) ae ee one 88 

Per cent. solids in overflow............ pega ae Pee oe 0.02 

z —6-m. % +10-m. 

abl Gest ie Soe ee ee { 307) Oana \ % 

Size OL SAH DrOd ucts. 12 = eras Bees eonees Hee hee Nees gb citeas Mele akon, a 

Overflow, per cent. through 200-mesh. .. ae 49 100 

Diameter of tank, ft.-in.............. 4-6 4-6 \ 6-0 
Shattuck- Shattuck- Old 

Mine Arizona Arizona Dominion(d) 

Copper Co. Copper Co. 

Wharactemol Servicers cc aces dee ew ece ns De-sliming De-water conc. e 

Mons solideper 24 Dre soaks ae cee 190 DOE: We oe ui nto cae 3 ets 

Per cent. solids in feed. ...........-.4.. SD go S| .aa Gera use SE 

Per cent solids im sand... oes 3-2 70.5 80 72 

Per cent. solids in overflow............ 14 Ose Tee cumitc eon are ve 

PROTOS TRAE e te Teac ctu arto otet pots faaveratl| ate he: a nee ad a 

Size of Sand Product... cece. ee es Gene a a a 

Overflow, per cent. through 200-mesh. . . GET IEN ices oo SOM ste tes eles sent aieralere 

Disametervof tank, fin... 2 pace one ee 6-0 6-0 4-6 


a For screen tests, see Table 34a. 


Fic. 36.—Boylan auto- 
matic cone. 


of lever (d). 


a conical valve (h). 


the opposite side. 


e Thickening and de-sliming table feed. 


6 From Allen Cone Co., Bull. 25. 


c Blickensderfer 


(104 J 76) reports on similar feed 75 per cent. solids in sand and 4 per cent. solids in overflow. 
102 J 508. 


Boylan automatic cone classifier (Fig. 36) con- 
sists of a conical or pyramidal tank (a) suspended 
by rods (b) from a knife edge on the short end (c) 
This lever is suspended at (e). 
long arm connects by means of rod (f) to a short 
lever (g) whose fulcrum is carried on the lower part 
of the tank. The working arm of lever (g) carries 
Feed is introduced at the top 
at one side, sand settles out and slime overflows on 
When sufficient sand (about 60 
to 75 per cent. of the volume of the tank) has 
collected, the weight of the tank causes rod (f) to 
be lifted, thus opening the valve (h) and permitting 
discharge of sand. The tripping point is determined 
by weights (7). 
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; Sizing tests of feed and products of a Boylan cone treating rougher-jig 
tailing are given in Table y 
35 (112 J 79). The eh Table 35. Performance of Boylan cone 


ciency, reckoned on 20- i 
mesh, is 54.5 per cent. now Weta Pee pest, 
Wood automatic clas- mesh | 
_ Sifier (Fig. 37) (114 J 351) Feed Sand Overflow 
consists of a pyramidal } . 
tank (1) hung by means 8 aan es iach Pine 
of straps (4) and suspen- PORES hace POR Ene. | ee hs 005 | 
sion rods (6) on knife-edge 20 24.15 27.86 0.67 
bearings (8) on the short bi ee less ke. 
arms of levers (5). The Le oe igi 6:02 fen 2:79 | 20.36 
fulerums of these levers 200 3.55 0.40 37.00 
_ at (9) are knife edges that = 200 a 0.4 pe 


support the entire mechan- 
ism. The long arms of the levers (5) are attached through a vertical con- 


necting rod (10) to another lever (13) whose fulcrum (14) is mounted on the 
lower end of the 
hopper and whose 
working end carries 
a conical plug valve 
(15). 

When the cone 

_ lowers under the 

load of settled sand, 
(10) 1s lifted and 
the valve opened. 
Feed is introduced 
at (2) and slime 
overflows at (8). 
Rate of discharge 
is regulated by the 
position of the 
weights (17). Detail of the apex is shown in the large-scale figure. The 
inventor claims efficiencies of 70 to 90 per cent. with from 25 to 40 per cent. 
of moisture in the sand discharge. 

A cleaner sand discharge and coarser slime overflow can be obtained in 
tank separators if gentle agitation is maintained in the settling zone. 

At the Lz Ror No. 2 mitt, Rossland, B. C. (114 J 1121) a de-sliming cone was used to 
close the grinding circuit on a secondary ball mill; a short air-lift kept the upper part of 
the contents in gentle circulation. The degree of agitation was varied by vertical adjust- 
ment of the air-lift riser and by variation of air pressure. 


ZN 


ey 
SG 


Fie. 37.—Wood automatic sand-slime separator. 


6. Mechanical classifiers 


Dorr classifier (Fig. 38) consists essentially of a rectangular tank (a) 
with sloping bottom, closed at the lower end by means of a vertical end wall 
(b), open at the upper end, and having suspended therein a mechanically- 
operated raking mechanism (c). The rakes are suspended by links (d) and 
(e) from arms of cranks (f) and (g) respectively. The pin of crank (g) is at- 
tached to the main frame of the apparatus, the pin of crank (f) is mounted 
on the arm of crank (j), whose position is regulated by means of the rope (k) 
and the drum (J), actuated by worm gear from crank (m). Power applied 
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to pulley (m) is transmitted by a pinion and gear to cam (p). The latter, 
working against roller (q) 
on the downwardly ex- 
tending arm of crank (9) 
causes. the arm of this 
crank to be raised and 
lowered and with it the 
upper end of the rakes. 
Simultaneously the arm of 
crank (f) is raised and 
lowered through connect- 
ing rod (r), similarly movy- 
ing the lower end of the 
rakes. Coincident with 
the raising of the rakes, 
a crank attached to the 
shaft of cam (p) transmits 
motion through connecting rod (t) to the rakes in a plane parallel to the 
inclined bottom and directed down slope. Further revolution of the cam 
into the position shown in the figure causes the rakes to be dropped to the 
lowest position and in this position the rakes are dragged up slope. 
Classifiers are rated by giving the width of tank and the nominal length 
of the inclined bottom and are called simplex, duplex or quadruplex aeccord- 
ing to whether one, two or four sets of rakes are operated in the same tank. 
Classifiers are made with tanks 2 ft. 3 in., 4 ft. 6 in. and 6 ft. wide, with 
one set of rakes in the narrowest tank, and two sets side-by-side in the wider 
tanks, driven from the same mechanism. The usual form is the two-rake 
or duplex type. The simplex type is used for small capacities. A special 
quadruplex form has been used at Catumet anp Hucua for dewatering sand 
tailing, where handling the sand was the important feature and great raking 
capacity was necessary. The 4-ft. 6-in. duplex is designated “Model C”; 
the 6-ft., “Model D” machine, is of much heavier construction throughout 
and is te be recommended where large tonnages of sand must be handled. 
The classifying action of the apparatus is the result of currents set up by 
the movement of the rakes and by the entrance and flow of liquid pulp through 
the machine, The rake movement and the plunge of the entering stream stir 
the pulp sufficiently to keep the smaller granular particles in suspension, 
The general flow of liquid through the settling basin to and over the overflow 
lip and the surge of pulp incident upon the movement of the rakes carry the 
suspended particles out of the machine. The more vigorous the stirring, the 
larger the particles prevented from settling; the greater the carrying power 
of the overflowing stream, the larger the particles overflowed. The factors 
affecting suspending and carrying power are: speed of rakes, slope of bottom, 
height of tail board, height of rakes, placing of baffle, volume of pulp, charac- 
ter of ore, pulp dilution, and size of solid particles, The character of the sand 
discharge is affected primarily by the character of the overflow, a fine overflow 
resulting in much fine material in the sand and vice versa, It is affected inde- 
pendently by the length of the bottom, slope of the bottom and quantity of 
wash or BACK WATER employed. 
Slope of bottom together with height of tail board determine the area of the settling 
pond and therefore the average rising velocity of the pulp stream. These also determine 
the volume of the settling pond and consequently the vigor of the stirring effected by a 


given rake movement. Slope also affects performance by determining, to a considerable 
extent, the composition of the body of pulp remaining in the classifier at all times. With 


Fic. 38.—Dorr duplex classifier. 
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steep slope the ratio of downward travel to upward travel of any given grain along the 
bottom for one cycle of the rakes is greater than with a flat slope because of the difficulty 
of holding sand grains, particularly the small ones, on the steep incline. - Consequently 
the grains in the body of pulp in the settling pond are coarser with steep slope than with 
flat slope. This produces a coarser overflow, since grains that cannot discharge with the 
sands must discharge with the overflow, if the classifier is to continue to operate. Steep 
slope also, therefore, produces a coarser sand discharge than flat slope. Slopes range 
in mill practice from 1.5 in. per ft. for 200-mesh separation to 3 in. per ft. for 48-mesh 
separation. The Dorr Co. recommends even steeper slopes for 28-mesh separation. When 
a large tonnage of sand is to be separated from a comparatively small amount of slime, 
low slope may be employed to give a large settling pond, with high rake speed to move 
the settled sand and high dilution (small percentage of solids) in order to permit quick 
settlement of solids. Column 9, Table 40 shows this combination. Comparison of columns 
3 and 8 shows how a larger tonnage may be handled without change in products by flatten- 
ing the slope of classifier bottom. 

Height of tail board should be such that with the bottom slope employed, a pond of 
sufficient size will be formed to allow settlement of all sand coarser than that which is to be 
overflowed and the pond should be of such depth that eddies and surging caused by the 
agitation will not throw coarse sand into the overflow. The standard depth in mill-size 
classifiers is from 21 to 24 inches. Increase in depth results in larger settling area and less- 
ening of the surface agitation due to rake movement and pulp inflow, with the result that 
the overflow is finer (see Table 36) and more fine material is discharged with the sands. 
Table 38, however, shows that the effect is Table 36. Effect of height of tailboard on 


not great. (Columns 1 vs. 3 and 2 vs. 4.) : si 
If the same character of overflow can be overflow product of Dorr classifier 


taken as before the change, then greater 

tonnage can be handled with a higher tail Weight, cumulative 

board although usually at the expense of a per cent. 

higher water and slime content in the sand Sereen 

discharge. When the specific gravity of aperture, 

the solids is high, the tail board must be mesh Standard Tailboard 

lower than with normal ores. height of raised 
Height of rakes. Raising the rakes de- tailboard 4 in. 

creases the effective depth of the settling 

pond, and increases the agitation near the 60 Or2 0.5 

surface. The result is to keep coarser sand 80 2).5 1.4 

in suspension and so produce a coarser 100 7.6 5.2 

overflow. 150 24.8 22.5 
Length of classifier depends partly upon 200 38.3 32.8 

structural demands and partly upon the char- — 200 61.7 67.2 

acter of sand discharge desired. Where the 


classifier is to be operated in closed circuit 
with a grinding mill it is depended upon to elevate the sand return toa point that will allow 
this material to flow by gravity into the mill feed box. In such cases it may be necessary 
to lengthen the classifier beyond the point required for classification alone. Generally from 
5 to 6 ft. of unsubmerged bottom or draining space is the minimum allowed where a sand 
product containing 20 to 25 per cent. moisture is desired. If less moisture is wanted in 
the sand a longer draining space or use of a dewatering lip is necessary. 

Dewatering lip consists of a prolongation of the floor of the classifier at the sand-dis- 
charge end for about 6 in. on a slope of 30 to 45° with the horizontal. By making the 
discharging sands climb this additional slope, a considerable reduction in moisture can 
be attained. : 

Speed of rakes is determined by the number of strokes per minute and the length of 
stroke, and since the length of stroke in mill-size classifiers is usually fixed at 12 to 15 in,, 
speed variation is effected by changing the number of strokes per min. Speed has several 
effects on performance. 

a It pid the degree of agitation of the pulp in the settling pond and thereby deter- 
mines the size of particles that can be kept in suspension. ‘This in turn affects the size 
of overflow particles, since particles that cannot settle must overflow, if the classifier is to 
continue to operate. The specific gravity and viscosity of the fluid pulp are likewise in- 
creased by increased agitation. This results in increased suspending and carrying power 

current. ue i 
en o ae the velocity of the overflowing current, The average rising velocity 
of the pulp current is determined by dividing the volume of overflowing pulp per unit of time 
by the surface area of the settling pond but the actual rising velocity effective to lift out 
suspended solid is much greater than the average, due to surge toward the overflow lip 
caused by the return rake movement. The velocity of this surge current is mae pisonal 
to the speed of the rakes. The usual speeds vary from 12 strokes per min. for 200-mesh 
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separation to 30 strokes per min. for 28-mesh separation. The effect of speed change is 
greatest when the speed is already near the maximum allowable for a given separation. 
Thus Table 37 indicates an appreciable increase in size of products due to increase from 


Table 37. Effect of speed change on Dorr-classifier performance 


Weights, cumulative per cent. 
Screen 
aperture, 20 strokes per minute 12.5 strokes per minute 
mesh = 
Sand Overflow Sand Overflow 
On 60 LOY ath tr te AO QRS er har Ree 
100 ipa! V2 67.9 Ot 
150 89.3 2.6 74.8 0.9 
200 92.0 14.0 87.0 6.3 
— 200 8.0 86.0 1330 93.7 


12.5 to 20 strokes per min. when 100-mesh separation is being carried on while Table 38, 
columns 1 vs. 2 and 3 vs. 4 show inappreciable effects for changes in the same speed range 
at 20-mesh separation. ; 

Shape of rakes. Rakes are commonly made of structual angies, but flat rakes 
made of flat strap clipped to the underside of the rake channel are used when it is de- 
sired to lessen agitation in the settling pond. Notched rakes, made by staggering 3-in. 
rectangular cut-outs taken from the vertical flanges of the angles are used to decrease the 
water and slime in the sand discharge by permitting freer drainage. Columns 5 and 6, 
Table 38, show the effect on size. One or two top rakes placed above the channels near the 
point that these emerge from the settling pond may be used to give additional agitation 
at this place and produce cleaner sand. Raking capacity can be increased by increasing the 
depth of the vertical blade. 

Baffle. The position of the baffle at the overflow end determines the cross-sectional area 
of the overflowing stream and thereby the velocity, all other things being constant. The 
position of the baffle can in no way influence the size of particles suspended by the stirring 
of the rakes, but by moving the baffle close to the tail board it is possible to lift out parti- 
cles that otherwise might not be discharged but would build up in the pond until the 
classifier stalled or the density increased sufficiently to carry them over. 

Volume of pulp. In a given classifier, change in volume of pulp changes the velocity of 
the overflow current proportionately. If change in volume is not accompanied by change in 
specific gravity of the pulp in the settling pond, e.g., if the tonnage of pulp only is changed, 
increase will produce coarser products and vice versa. If, however, increase in volume is 
gained by increasing the water fed without corresponding increase in solids, the carrying 
power of the pulp is lessened on account of the decrease in specific gravity and viscosity 
and the result is likely to be a net decrease in carrying power and consequently in average 
size of products. (See also paragraph on Pulp dilution.) When, however, coarse-mesh 
separation is being made, changes of as much as 10 per cent. in the volume of pulp passing 
without material change in dilution, have no substantial effect on the size of the Sverlow 
particles. (See Table 38.) 

Dilution of pulp is the most important operating variable. Together with speed of 
rakes, character of ore, and fineness of feed particles, it determines both the specific gravity 
and viscosity of the pulp in the settling pond and it is the only one of these factors in direct 
control of the operator. The specific gravity of the fluid in which settlement occurs enters 
as p in the quantity (¢ — p)/p in the equation for velocity of fall of bodies in resistant Raids 
(turbulent resistance). (Art. 1.) Hence increase in p causes decrease in settling velocity 
which means that larger particles are lifted by a given current velocity. Viscosity of the 
fluid enters in the denominator of the settling equations, hence increase in viscosity like- 
wise causes overflow of larger particles. 

With normal ores the specific gravity and viscosity of pulps are not greatly affected 
by changes in the percentage of solids when the percentage is less than fifteen. Below 
this figure decrease in density with corresponding increase in current velocity may cause 
coarser overflow. Above this point the effect of changes in dilution is marked and satis- 
factory control of classifier products can be effected by control of dilution. Columns 5 
and 15, Table 40, show this clearly. Comparison of columns 13 and 16 shows the same 
thing, although here increase in moisture content of overflow is accompanied by decrease 
in solid tonnage, which also tends to produce finer overflow. With ores containing large 
amounts of semi-collodial material, viscosity is considerably affected by even less than 
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15 per cent. of solids and with such ores some variation in classifier products can be effected 
by dilution control even in dilute pulps. ; : 
Viscosity of the overflow stream has much greater effect on carrying power than either 
velocity or specific gravity. In the performances recorded in Table 39 the same tonnage 
of solid was treated in both 
Table 39. Effect of pulp dilution on performance of Dorr runs. In the first run the vol- 
classifier. (Inspiration Consolidated Copper Co., from Dorr ume of pulp passing through 
Co. catalog) the machine was 2.25 times 


that in the second with cor- 
3 é respondingly greater rising 
Weight, cumulative per cent. velocity. Notwithstanding the 
s t increased current velocity in 
SEO ISU : s : the first run the product was 
11.1 per a. solids| 25 per os solids a eadivi Buen: thaa sais 
Th, OV CRE OTS paaheed as second. The coarser product 
in the second run was due in 
3 small part only to the greater 
Mesh Mm. Sand |Overflow! Sand _ | Overflow periGc zeamiey “otlibe poles 
For since Vp/Vr varies as 

Fit pl SB Se SLAMS sc tacos 
agai Foe 71.8 0.6 | er@ — ep)/eple — 7) it fol- 
65 0. DOSE TO Ome se che. 84.9 5 9 | lows that on this score alone, 
{ iio 0.147 90.0 as i 1 91.5 14.9 the falling velocity of parti- 
| 150 0 104 94.9 55 04.4 cles in the dilute pulp (Vp) is 
| 200 0.074 97.1 10.2 95.7 3 1 1.18-times greater than the 
—200 |—0.074 2.9 89.8 43 fea < falling velocity of the same 
: : f ‘ particles in a thick pulp (V7)or 


that a rising velocity of dilute 
pulp 1.18-times as great as that 
of the thick pulp would overflow the same size particles. But since with a rising velocity of 
dilute pulp 2.25 times that of the thick pulp the particles lifted were smaller, it follows 
that the actuating cause was something other than the relative velocities or specific gravities 
of the pulps. Viscosity is the only remaining element in the settling equations to ac- 
count for the difference in behavior. Vp/V7 varies as Up/Mp. The viscosity of a pulp 
containing slime increases rapidly with increasing solid content beyond 15 per cent. al- 
though concordant experimental data are difficult to obtain. This fact explains why the 
much slower rising current of thick pulp in the test recorded in Table 39 lifted larger par- 
ticles than the relatively rapid current of dilute pulp. Usual dilutions in mill practice are 
given in Table 40. 


Dry ore Screen oversize (160 tons Slimed feed from prior crusher 


pots ane (Go tong : Classifier 
Sdad Ouelfiow P AN ‘ Overflow 
Overflow 
(2) () (d) 


Fie. 38a.—Flow-sheets involving Dorr classifiers reported in Table 40. 


Size of feed particle. The effect of solid particles on specific gravity and viscosity oi 
a pulp is greater the smaller the particles. Hence the more fine material present in a pulp 
containing a given percentage of solids, the coarser the particles that can be overflowed. 
This is clearly shown by comparison of columns 10 and 11, Table 40, and the corresponding 
screen tests. If the feed is coarse and coarse overflow is desired, steep slope, high rake 
speed and low dilution are employed (columns 1 and 2, Table 40); for fine overflow, 
a flat slope, low rake speed and dilute pulp are usual (columns 21, 22). The low dilution 
in column 23 is exceptional and the effect in coarsening the overflow is apparent on com- 
parison of screen tests 60 and 63, Table 40c. 

Character of ore. Ores of high specific gravity must be treated in pulps of relatively 
high specific gravity and high viscosity in order to lift the desired particles over the tail- 
board. With such pulps clean separation is difficult or impossible and much material that 
should overflow must be sent with the sand discharge in order to prevent excessive amounts 
of oversize in the overflow. The performances of classifiers 11 and 12, Table 40, on heavy 
sulphide ores are typical of the trouble encountered. 


Performances of Dorr classifiers under many varying conditions are given 
in Table 40. 
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Table 40a. Screen tests of feed and products of Dorr classifiers 
(For significance of column numbers, see Table 40) 


Mill United Eastern Shattuck Ariz. Miami Miami 
; Copper Co. Copper Co. 
Weight, cumulative percentages 
Column No. 1 2 3 4 5 6 7 8 9 10 als 12 
ae Aper- 
eg ture, 
eae? F i) O F iS} O F iS} oO F Ss O 
ee ee ee eee piel) Bug hace ie eee | 2 
4 |4.699| 0.8] 2.5]..... DATA EEG eee id wee lalla A 13 
CAfaroe ae 2.07 29).0 fs sees ke L263) teen SCOTS Oulhn aee 7.0 
Sie s62 9 TSN 19ND | eto ses < bce ON ae . SNES Tle dee 12.8 
LU ail 651 | 16.-586).0)| 6 coe obs 2Sea |S) 2, a2 ARSE (oO slhen trae 19.7 
4A A168) 27.5 154.8 toe. a heck: BOeo ee 12.2 De8 40 6. de 27.5 
2070: 333' |. 87.5 |.68..2)( "2.845% 65. BORG Nar Se LSet £5) GM. 44.) 34.4 
234) 0589. 1 Se. sh. KORO os. Ol) Ola LOM Ste aN OGion i ae 44.4 
Oo Os4V7 IL-6 32.2 p21 Ouse 2: : O87 1E4NG | 22.0 R45 OM. ae bn) 
48 | 0.295] 63.0] 86.3] 31.5]..... 75; OPES, AA 52). SLL Olle 70 Su DOL: 
65 | 0.208 | 68.0] 88.6 | 40.0 | 65.2] 82.8] 27.0 | 58.7] 80.2|13.7] 62.6 
HOO 1) O0847 1°7326:|'90.4 47.0 22 2 87.7 | 40.2 | 67.3 | 87.9 | 27.5] 67.8 
150 | 0.104 | 77.0/91.6|55.0]..... 89.6] 46.2 | 74.8] 91.6] 41.6] 72.2 
200 | 0.074] 81.0] 93.3] 65.0 | 84.7 | 92.2] 55.4 | 78.1|93.1147.7| 74.1 
—200 |0.074/19.0/] 6.7|385.0]15.3| 7.81 44.6 | 21. OF 9N52) 3225-9) 
Mill Coe Chpecr Ce. Moctezuma Inspiration 


Weight, cumulative percentages 


Column No. 13 14 15 16 17 18 19 20 21 22 23 24 
Aper- : 
eis ee Pe ot BP soto. kok Ps: LO foo alas hl © 
mm, 
MIEORO GUN Cer amine to higet cen liege thea [iin tas. onsale wobec mS iae elle tetipayed lta cairn rill eee seen en eeapent ere eae 
Sara 690i (Ono1 OLS ye: ORS A err are ane eRe ollie tt Stele ehaneic 2 ale Ee Ole seers 
GiiSnoey) reds Sal On eilin. aes NON Wel OAS ery eae OAL Betonre ieee aeiities alll sMe > outline Glpe 
Suienooe tae eT la BSS. | Le Oullaro aucpe lease |lxctccesvs, lente ae COUR Omouleree. 
DOM Oot AON iS22'|eete. . QEONP SwO Ne «pas POSEN VE Beatie ico tale cat hee 
MA el Os eG la be Oiled DP oM Pal Mayne Mee on aNs iUay isd [PAL hace o LOGO sO es gas 
20 | 0.833) 8.7/10.4|..... ZOE Sie ea ouee sae Ow UL | Soisoalercaian-d te, spleen oro ences eee cs 
28 10.589 15.7) 20.5)... ..... BO CS Os ceed ae eae ODEO AGC Wee ene 30.6) 42:7 (0... 
385 | 0.417 | 26.7 | 36.9]..... 44.6|69.8]..... BOS (63.5 18 oie 48.0/ 66.2] 0.8 
48 107295 | 44.4159.2) 4.7 |52.7| 82.2) 7.8 | 63.3) 78.0) 5.5/| 61.8) 82.3) 6.6 
65 | 0.208} 60.4 | 76.3) 15.1 | 57.6] 87.6| 10.7 | 72.3 | 86.5] 12.7] 71.2/90.1]| 19.6 
100 | 0.147] 71.8] 85.7 | 32.6 | 63.4] 91.1] 20.6 | 79.9 | 92.5 | 22.7 | 76.8 | 93.5 | 30.2 
150 | 0.104] 80.0! 91.1/| 48.9 | 69.3/ 93.4] 30.4 | 84.7| 95.1] 32.5] 80.6 | 95.2 | 39.8 
200 | 0.074} 82.7 | 93.1] 58.4 | 72.8 | 94.2 | 35.7 | 86.0] 95.6 | 35.8 | 83.0 | 96.1 | 47.0 
—00 | 0.074|17.3| 6.9| 41.6 | 27.2) 5.8|64.3}14.0] 4.4]64.2|17.0| 3.9/ 53.0 
Mill Chino C. C. Co. | Engels C. M. Co. | Engels C. M. Co. oe oe 
Weight, cumulative percentages 
Column No. 25 26 27 28 29 30 81 32 33 34 35 36 
Aper- 
Morena es fs oO fr ff SO FP eb Oo BulinB il 0 
mm. 
PURGE GS O)a Peete | cee tes he teprenshl feitenre Poteet cu tcrctrneell Sosaapecalliecceh bal | rnegatia, vi] ove rte Casie, dalla late, 08s 
MT GOO Wolseley o's cxtedelp Aa abet hy We Pk | ee ane veal uae sisi = ciel hseift <a tereatlllaMteltacte BF ee ova=<)/= 
(S47 8 NE ec omic GOES pO ereeanllegeo ee tase arecilre) aiehene,|atawer semper a beTala =! ora 
SM ieee) reslehonsilidus: RL AGTS oleh il di eae eRVINPSE coset icaccha te: hoewivecvailisar ons falionenaie isl tae ese 
LON eOoL |) SeOl) S22: hayes... SREP E SO ELS 155 PRS TC ee He ee) cee eed Wiper ge Ware Menon ar Aer 
140) 0-168) 1334 | 17.4) ee... TGS sO Mi ee PRIN «te cllaxc neil ey sat ce |b cs edhe. Bxet-diake x's 
20) 0s 83s.) 2916 | 36.2) |e... QOE DSO & | Pare as Oy NOs ae ls dice Ihe, ssceha piece Nada s- 
28 10.589] 44.9] 58.2]..... 23.6 41 Slee. os tt eee | eer. ees eo 
35) (0.417 16347 | 75191 2a... QB rAN AOD lpia 4.6 3.2 spars 28.5 29..6 Bs 
48 |0.295| 70.2| 83.5] 1.5 | 33.8] 56.7] 0.7 | 10.1 15.4| 0.2 45.2 45.8) 3.6 
65 10.208] 80.5|92.6| 4.1 | 39.6] 64.9] 3.0} 20.3] 31.8 3.1] 58.3] 59.5] 10.2 
100 | 0.147| 84.9] 95.0|18.6] 47.1] 75.2] 7.8] 38.9 | 53.4 16.4| 74.5] 75.7| 22.5 
150 |0.104| 87.7/| 96.6 | 34.7 | 52.8| 82.1] 12.6 | 50.4 | 67.2 30.4 | 81.2 | 82.9) 29.1 
200 | 0.0741 88.7| 97.21 43.6 | 62.8] 89.7] 24.7 | 71.9 | 76.2 50.6| 91.0] 92.7 | 44.8 
—200 |0.074| 11.3] 2.8] 56.4 | 37.2] 10.3] 75.3 | 28.1) 23.8 49.4| 9.0| 7.3] 55.2 


F=Feed. S=Sand, O= Overflow. 
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Table. 40a Screen tests of feed and products of Dorr classifiers—Continued 
(For significance of column numbers, see Table 40) 
. Sunnyside ‘aor 
Mill M. & M. Co. M.& M. Co. Afterthought Tnapeaeor 
Weight, cumulative percentages 
Column No. | 37 | 38 | 39 [943 | 44 | 45 | 46547 hiss 
—eieAper= 
Mesh | ture, | pF g O EF g O F Ss oO 
mm. 
SUEGHEOS ON OD de iiccehocts ler cuteSe ie, «Seat [RM ct eva fae ua, [ekg a orcad ey cl ane oll Years renee ete ame 
MARGOT Wa NR UES eile Me > oe ae end Be Raed | on 5 ho eae ah eee a= Peta 
GHOST Ok ee taelie or Ol OE Were eared lia ate [levee Selene Oe 4:2e 7.0 
UO Oo as Pol) re lbs ce ieee oc aoa ree lem aicl. «las o 63 One Oe Qe sae 
iG) ea ata ee, : Bol | 7.6 Weel a lees Ape s 3 
PCs eee | alts taib.4..|.. Se ieese- |. feck Ae BR 1/8) 16.4 lee ee 
20 | 0.833] we ee TSS 1257-5 les bse 1 ee eee 
Do ROMOSOles aoc) alee e 30). DipoSt- 5 |..cke 29) 28504 lens 
35 | 0,417 B Cy eae F205 | od. D: Nery} 2a) 2... FRB aed pee rae 
48 | 0.295 SS 4 22.2 51.7|62.5| 2.5| 57.8] 73.0| 0.4 
BekOt208) | bees eal) am ote 2 60.5|73.0| 6.0| 67.0] 83.0} 1.6 
100 | 0.147) < < 57.4 72.2|86.9|18.2| 74.2] 89.8] 8.0 
Ng 65 5 a el eer eee 76: 0/98) 4 | 27-6 (oy) gan 8) eee 
200 | 0.074 67.4 80.6 | 94.0) 32.6} 82.0] 95.0] 25.4 
—200 | 0.074 32.6 19.4! 6.0|67.4/18.0] 5.0] 74.6 
Mill | Burro Mtn. Timber Butte |Tonopah Belmont 


Weight, cumulative percentages 


“Column No. | 49 | 50 | 51 55 | 56 | 57 | 58 | 59 | 60 
Aper-. 
Mesh | ture, 
eer oe Ss, 0 F Se F Ss fe) 
ewe. leet ee oa ea 
7A ARE: (XS TS Se ge eA A SY en RA ate) WIN A ADEN Rel RO LS ls PT 
Geo c er ae eer stoma ote NEN St Re taal Cee Se a ae a 
RS GREG Vara Sa i teh fel iene Aa aN ah MAE og Alo we ik ee li 
TG ate CYST ele Ge aie od nec AROS aga 0 ees Jot) ae eel et OS Se 3) ls Oe nee 
PeUGS Ore) Onsale SSP Sy bate ap ae ell BT a wa OK (eee 
SO OPSss | Oo} Oneiae 4 ST 5071 SR ty AL og nee fm OF Sil nO) nee ae 
28 10.589| 3.0] 4.5]..... 5 TORS ae sae abece Es LOPS OTS eee 
Be MORAL, (OL O)l 14. Olen 4 0 LOWS) Phe 15) 7 | 2607 leo 
48 10.295] 22.7/36.3]..... 0 Th OO) eile 20 NOiosee eee 
65 |0.208| 33.71 58.8] 1.7] 43.4 13.8, | 39.8 |) -OlGslQol ollie Slee ee 
100 | 0.147] 46.5] 80.3] 3.7] 61.8 30.2| 70.2] 8.6| 42.5] 61.3| 1.0 
150 | 0.104 | 55.1]91.1]10.4) 71.5 48.8|85.6| 27.8| 63.6] 85.7| 13.5 
200 | 0.074 | 60.3] 94.2] 16.6] 76.0 62.6 | 93.2| 44.8] 73.2| 93.5] 27.7 
- 200 | 0.0741 39.7] 5.9] 83.4] 24.0 37.4] 6.8|55.2|26.8| 6.5| 72.3 
Mill United Eastern Nipissing Calumet & Hecla 
Weight, cumulative percentages 
Column No.| 61 | 62 | 63 67 OS 1a 65 ea 70m eerie 
Aper- 
Mesh | ture, 
strey Bi) F S fe) F Ss O 
55 clscises(eCGXOM Sac: eal ae Meee acne elem ead Dae gen eal eae ene oe | 
4 4.€99 Bee [ecoretelhs g AS taeda Beatlemania estilo chs sles is lotr pain RO Betas 
(Bill Sie SVC en el tee a hee eT Tee RE Ta ah ile ee les «eae eed gi ae 
S232 ate bokeh. ads is itn ae i sl oe ihe et ts 
ee 2 eet eines fone ere 
14a V ATS bee. | gcse ae: Beso eens wa POA EG RO Eee 
SOL 83a\ LL 4c Ot Dis A Lp ie ee 5b ate ela aie wl ee ee 
23 |0.589| 4.5| 9.4]..... Usp 1d Ss] ey | Oe 30.6: aeenenlie TAO es ES o 
35 10.417] 9.0/16.4|..... OP OB Oem leeds. 3710; eee GNA Aes HES 
48 |0.295| 14.8) 24.0]..... Sie4Gs Ole pee ee be Ad a OO OO eRe IGS oie 
8 02208 122) 784. 00) oF A OFAN SMS OTe a 4619)|GE Oey Oy BS 
0.147] 33.3] 54.0] 2.6] 72.4] 86.3118.4|..... 59.6| 0.4!74.0|88.5|..... 
150 | 0.104] 51.4] 80.0] 21.7] 80.6] 93.0135.8]..... 67.8 % feeb rat ida 
200 | 0.074 | 65.6] 92.0] 41.5| 84.4/94.9| 44.7]... |. SETS OG) ae LeeLee 5.0 
—200 |.0.074/ 34.4] 8.0/58.5|15.6] 5.1/55.3]..... 11.3192.0| 25.0! 10.0] 95.0 


t 


F=Feed. S=Sand. O=Overflow. 
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Capacity depends primarily upon the size at which separation is to be 
made and upon the character of the ore. Table 41, summarized from Table 


Table 41. Capacity of Dorr classifiers 


Size ny which is Slope of Tons per 24 hr. per 
ion is made bottom, Strokes per Percentage foot of width 
inches per minute of solids in 
Aya overflow 
Mesh Mm. Sands raked! Overflow 
20 0.833 3 =3.75 27-30 45-50 200-250 90=100 
28 0.589 3 -3.5 27-30 40-45 150-250 60— 90 
48 0.295 2.6-3 20-25 25-30 150-225 50- 80 
65 0.208 2 -3 17-25 20-25 100-200 40— 60 
100 0.147 1.5-2.5 10-15 15-20 50-100 20— 40 
200 0.074 1.5-2 10-12 5-10 30— 75 10~ 20 


40 and from other data not sufficiently complete to be included in Table 40, 
gives the capacities to be expected with normal ores, specific gravity 2.6 to 
2.7, and not containing an undue proportion of clayey material. Heavy 
ores and ores containing considerable clayey material must be run at a 
lower rate, if overflow is closely limited as to maximum size; clean silicious 
ores can be treated at higher rates. 

Power consumption ranges from about 14 hp. for a standard simplex 
machine under light load to not more than 1 hp. for a heavy duplex under 
large load. When individual drives are provided, it is wise to install not less 
than 1-hp. motor for the light machine and 2-hp. for the large machine in 
order to take care of rushes of sand and starting. 

Repairs are substantially negligible. The only wearing part is the rake. 
The life reported for rakes varies from 90 days, in acid water, to several 
years in service where corrosion is not a factor. The tank bottom is protected 
by a layer of sand. At some mills, e.g., Uran Coppmr, the tank is made of 
reinforced concrete. At the Puetps Dopcr, Morenci plant, the usual steel 
tank is cement lined. The mechanism is designed for rake speeds as high as 
30 strokes per minute and no serious wear or breakage is experienced at this 
and lower speeds. SHaTruck ARIZONA, operating at 27 strokes per min. and 
heavy load, charges delays to these facts. 

Character of products. There is a distinct relation between consistency 
of overflow pulp and size of particles therein, as shown in Table 40. With 
normal ores these figures cannot be varied greatly. If thicker pulps are 
wanted at a given size, some dewatering device must follow the classifier. 
The moisture content of the sand may be lowered somewhat beyond the 
figures in Table 40 by special provisions. The dewatering lip described on 
p. 597 is highly efficient in some cases. 

Sohbnlein (96 J 215) cites an instance where the moisture content of the sand was reduced 
from 60 to 12 per cent. by such a device. A porous bottom near the sand-discharge end, 
connected to a vacuum pump, has been used in special instances. A water spray playing 
on the sand just above the pulp level removes appreciable amounts of slime, if the sand 
bed is not too thick, and the cleaner sand will drain to a lower moisture content. Wood 
chips are removed from the overflow by a screen placed substantially horizontally above 
the overflow-discharge box. At Hollinger (98 J 213) a push rod with a scraper was at- 
tached to the rake mechanism to clean such a screen. 

Dorr multi-deck classifier is shown in Fig. 39. The original pulp feed 
is introduced at (a) and the first deck operates in the usual manner, dis- 
charging sands into the second tank by means of the upward prolongation 
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of the bottom. The overflow lip of the second tank is at (b) under the pro- 
longed bottom of the first tank. Sand is similarly re-washed in the third tank. 
Sprays are provided for addi- 
tional washing of sands, if de- 
sired. The principal use of this 
device is in hydrometallurgical 
processes, such, for instance, as 
in washing leached sands in 
cyaniding or in leaching ores 

Fig. 39.—Triple-deck Dorr classifier. containing highly soluble copper 

compounds. Each machine is 
a special job, hence there is no limitation to standard sizes. Hardwood and 
gun-metal rakes have been used for resisting the chemical action of solutions. 
The tank is usually made of wood. 

Dorr bowl classifier (Fig. 40) is designed for separation at finer sizes 
than can be efficiently handled by the standard Dorr classifier, vz.: for 
0.15-mm. and smaller. It consists of a shallow cylindrical pan or bowl (a), 
containing a thickener mechanism (6), (see Sec. 16, Art. 6), operated by belt 
from the classi- 
fier drive shaft, 
the whole mount- 
ed at the over- 
flow end of the 
typical Dorr- 
classifier. A 
well, open at the 
bottom, extends 
from the floor of 
the bowl, at the 
center, into the 
classifier proper 
and terminates 
at a height that will clear the rakes. The sides of the classifier tank are high 
enough so that the level of liquid pulp in the tank can be carried above the level 
of the peripheral overflow lip of the bowl. Feed is introduced into a circular feed 
compartment at the center of the bowl. Liquid flows to the periphery and 
overflows, carrying the finest solid. Sands settle to the bottom and are raked 
to the central well by the thickener mechanism. Water, introduced through 
spray pipes (d), flows from the body of the classifier upward through the well 
and the solids settling from the bowl are subjected to a washing action that 
lifts slime back into the bowl for another chance to overflow. The sand that 
settles is raked up along the bottom of the classifier proper in the usual fashion, 
It is subjected to further working and washing by spray water which puts more 
slime into suspension to be carried back into the bowl. 


Fie. 40.—Dorr bowl classifier. 


Size and speed. Bowls may be mounted on any size Dorr classifier. The diameter of 
the bowl depends upon the size of overflow product desired and the tonnage and dilution 
of the feed. Six- to 15-ft. diameter is the usual range. Rakes are operated at 12 to 25 
strokes per minute, the same considerations governing as in the standard classifier. Too 
great speed, while tending to produce a very clean sand product, keeps a large amount 
of coarse material circulating between the bowl and the classifier proper and cuts down 
capacity proportionately. The revolving mechanism runs at 1.5 to 8 or more r.p.m. de- 
pending on the size of bowl and the amount of sand to be raked. Table 42 indicates 
that higher bowl speeds (in conjunction with higher rake speeds) increases capacity of the 
bowl and materially decreases the circulating load of finished material sent through the 
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grinding mill. The classifiers were 16-ft. bowls on 6 X 26 24-ft. tanks, installed at the 
Sprines mine, Witwatersrand; the ore makes very little slime. (PP 1560-B A.) 


Table 42. Effect of speed on performance of bow] classifiers. (After Bates) 


sont anes Gradings, cumulative per cent. 
Tons 
per ort +60 | +90 | +200 |. —200 
24 hr. 
Period A 
Reciprocating rakes 12 r.p.m. 
Bowl rakes 1.6 r.p.m. 
ESTGCLD OWA siebe Cae ch eR Ehie wie os 800 100.00 0.26 10.68 | 38.10 61.9 
Bowl overflow (slime)............. 454 Orc MAO a ei eee 0.70 8.60 91.4 
Classifier underflow (sand)......... 346 43.30 0.50 19.40 | 76.80 2322 
Period B 
Reciprocating rakes 17 r.p.m. 
Bowl rakes 4 r.p.m. 
LDR 30 ovoid lea crys ies ae aCe ae a 679.2 |100.00 0.26 11.40 | 37.12 | 62.88 
Bowlsoveriiow (slime) os. 8: 46072) DS IDO) len chs 0.60 12.40 | 87.60 
Classifier underflow (sand)......... 217.5 | 32,00 0.80 | 34.30 | 89.60 | 10.40a 


a Practically all sulphide. 


Principle of operation is substantially the same as that of the standard 
classifier with the exception that the rising velocity in the bowl is not so much 
affected by the surge of pulp due to rake movement as is the overflow of the 
standard classifier. The speed of the bowl mechanism is not enough to cause 
centrifugal force to act effectively on the solid particles. The swirl of pulp 
aids in working sands in suspension toward the center by reason of the ten- 
dency of the solid particles to move toward the region of least velocity. 


Performance. At Miami Copper Co. two machines having 13-ft. bowls mounted on 
414-ft. duplex classifiers treated flotation tailing ground to pass 48-mesh. The overflow 
was sent to waste and sand was concentrated oh Plat-O sand tables. Sizing-assay tests 
of feed and products of one classifier are given in Table 43. 

At Nipissing a bowl mounted on a simplex classifier treated 68 tons per 24 hr. of 
stamp-mill product, sending sand to a tube mill with tube-mill discharge returned to the 
classifier. The tube-mill circuit was 74 tons per 24 hr. The classifier overflow contained 
8 per cent. solids and the sands 20 per cent. moisture. Screen tests of feed and products 
are given in Table 44. This classifier ran in parallel with standard 414-ft. duplex classi- 
fiers. (See Table 40 for performance of the duplex machines.) The overflow of the primary 
classifier went to 414-ft. duplex classifiers with 15-ft. bowls. The original feed to each was 
120 tons per day; tube-mill return, 52.8 tons. 

Treating a clay at the rate of 1.4 tons per sq. ft. of bowl area per 24 hr. in a 3-ft. bowl, 
with about 5 per cent. solids in the overflow, the latter contained 98.3 per cent. — 330- 
mesh material. In this work the feed contained about 0.1 per cent. + 100-mesh, sand dis- 
charge about 12 per cent. —330-mesh. Rake speed was 7 strokes per min.; revolving arms, 
2.5 rev. per min.; slope, 2 in. per ft. ; 

At the plant of the Bensamin Moore Co. (116 J 418) a 10-ft. bowl on a 2-ft. 3-in. X 18- 
ft. simplex classifier treats ground chalk rock. The rakes are run at 8 strokes per min., 
bowl rakes at 1.5 r.p.m., overflow contains 5.5 per cent. solids. Sizing tests of the products 
are given in Table 45. At Sv. Josepu Lwap Co., Bonne Terre plant, a 6-ft. duplex classifier 
with 12-ft. bowl was used to dewater 2200 tons per 24 hr. of combined jig and table tailing. 
A sizing test of the dewatered product is given in Table 46. The rakes were run at about 30 
strokes per min.; bottom slope, 2!4 in. per it. The feed contained 65 per cent. water; 
the sand, 16 per cent.; the overflow, 98.5 per cent. Table 47, from the Dorr Co. catalog, 
shows results with several different bowl diameters treating a roasted ore. The capacities 
are probably considerably higher than on unroasted ore. At the Mrsasr Tron Co. (see 
p. 148) a 9-ft. bowl in closed circuit with an 8-ft. X 22-in. conical ball mill overflows 8.6 
tons per hr.; the sand circuit is 52.6 tons per hr.; sizing tests are shown in Table 48. 
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Table 43. Performance of bowl classifier at Miami Copper Co. 
Product Feed 
Tonsusouidepers2e HE. - Sa :.). +: sinks Aevebestteny 552 
Assay, per cent. of total Cu........... 0.235a 
Assay, per cent. oxide Cu.............. 0.092 
Assay, per cent. sulphide Cu........... 0.143 
IVfOlsPULOsDCTROCH Urry ceric IER gOS | | a era eee 
see he Assay, Per cent. 
Screen aperture, mm. cumulative per cent, Ma dotal Cha 
per cent. 
0.295 OO rch te... cE Se re 
0.208 6.6 0.38 10.4 
0.147 19.7 0.36 2032 
0.104 28.4 0.25 9.3 
0.074 42.3 0.22 1 | 
—0.074 57.7 0.19 47.0 
Product Sand 
Monsisolid Der L4cNT tere. Wend. how cockuus 120 
Assay, per cent. of total Cu........... 0.375@ 
Assay, per cent. oxide Cu.............. 0.063 
Assay, per cent. sulphide Cu........... 0.312 
Wioistiire, per Genital. seit. aes Fee 30 
Weight, P 
Screen aperture, mm. cumulative ak ve ho sat 
per cent. 2 i ae tern 
0.295 Cee 0.41 3.5 
0.208 28.4 0.34 23.0 
0.147 69.2 0.33 36.1 
0.104 82.2 0.41 14.3 
0.074 92.9 0.52 14.9 
—0.074 dell 0.43 8.2 
Product Overflow 
Ponsisolid' per 240hP wes OFF 432 
Assay, per cent. of total Cu...../..... 0.165u 
Assay, percent. oxide Cun... sci. ses 0.110 
Assay, per cent. sulphide Cu........... 0.055 
Mioistureper Cente. sini. ee ess 72.3 
Weight, N 4 
Sereen aperture, mm. cumulative : soviad’s Per cent. 
. per cent. DEF CEN Baya total Cu 
0.295 Oselis *S TC ts See tee, J 8 A he 
0.208 0.6 BASE OF Moot sett Iuos STAT ae 
0.147 5.5 0.16 5.5 
0.104 3.4 0.14 6.9 
0.074 29.1 1S 12.7 
— 0.074 70.9 0:07 74.9 


a Lack of balance due to inaccuracy in sampling. 
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Capacity and dilution. Capacity is dependent principally on the area 
of the bowl and the separating size. 


Miami overflows 3.6 tons per sq. ft. per 24 hr. at 65-mesh separation; GotpEN CyciEe 
from 3 to 8 tons at 100-mesh and 2.2 to 7 tons at 150-mesh separation; at Nipissing about 
1 ton per sq. ft. is overflowed with 
200-mesh separation. The test on clay Table 48. 
showing 1.5 tons per sq. ft. at 330-mesh 
separation was made on a feed contain- 


Sizing tests of feed and products of 
bowl classifier at Mesabi Iron Company 


ing relatively little coarse material so 
had the te could be handled with low Mesh re aap ace 
rake speed. weight weight weight 
Dilution for 65- to 100-mesh +14 60.01 10 4 
overflow should be 20 to 25 per +48 21.84 ZENE oie pene 
cent. solids, for 200-mesh about 10 ee ns ae oie 
per cent. and for 300-mesh 5to6| +200 0.44 9.82 7.37 
per cent. +350 B88 6.83 32.23 
Use of chemical agents. (See rS50 7.59 aici B).49 


also Sec. 16, Art. 4.) The settling 
rate of fine particles is markedly affected by certain chemical agents, some of 
which cause flocculation, others dispersion. When separation is to be made at 
200-mesh or finer the effect of these reagents on the products is great. Floccula- 
tion increases the settling rate of the fine particles and coarse particles become 
entangled in the flocs, hence overflow will be finer and more fine material will 
be carried into the sand. Dispersion, on the other hand, increases the amount 
of slime that is carried over in the water going with the sand discharge, and 
may result in a coarser overflow than with flocculated pulp. In every case 
the result is a matter of experiment. It must be realized, however, that the 
chemicals necessarily present in cyanide treatment will affect settling and that 
preliminary grinding and settling-tests must, therefore, be made in solutions 
approximating those to be met in the operating mill. 

Akins classifier (Fig. 41) consists essentially of a spiral ribbon revolving 


in a semi-cylindrical inclined tank closed at the lower end. The spiral is single 
and continuous from discharge end to 
the point at which the ribbon does 
not enter the settling pond; above this 
the spiral is double and interrupted. 
The principle of operation is the 
same as that of the Dorr classifier. 
For very fine separation, 7.e., at 150. 
or 200-mesh a larger settling pond is 
obtained in a submerged type of machine in which the tank is flared at the over- 
flow end and the overflow lip raised so that the lower bearing must be carried 
in a stuffing box. For coarse overflow, increased agitation is affected by 
lessening the pitch of the standard spiral toward the overflow end and joining 
adjacent parts of the spiral ribbon by straps which serve to stir up the material 
settled in the pond and cause fine sand to overflow. 

Performances, as given by the manufacturers, are shown in Table 49. 
machines were used at Unrrep Comstock to de-slime 2000 tons per 24 hr. of — 4-in. primary 
feed. (114 J 850.) At U. S.S.R. & M. Co., Midvale plant, a 30-in. machine was used 
to dewater 45 tons per 24 hr. of sands passing a 0.020-in. screen and containing no slime. 
Bottom slope was 214 in. per ft.; the spiral revolved 13 times per min. Feed contained 
72 per cent. water; sand, 19 per cent.; the overflow was substantially clear water. Life 


of spiral, 518 days. At the Royar ASTURIANA Minna Co. plant (116 J 396) a 24-in. ma- 
chine treating — 2-mm. feed (sp. gr. of solid 3.0 to 3.5) had to be run at 30 r.p.m. on a 


Ten 54-in. 
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Table 49. Performance of Akins classifier 


Weights, cumulative per cent. 


| 150-mesh 

Screen 48-mesh separa- | 65-mesh separa- 80-mesh 100-mesh | separation 
aperture, tion tion separation | separation (a) 

mesh { : 
Feed |Sand ek oa Feed [Sand pa a Sand pe Sand emf Sand wha 
(pees 

20 DA Dea ks Seto | ra ecsoaas on eeied mre peer fe Sell es sere ced eT ell cat ore’ ele mate A 05'Nl aetatere 

Sey Raton Mell| wee. [eeeae 2 ZS. OMG OEL es, AS PECs «Oe era: |e ISDE &.. 

35 BSicAn| SO HOLINESS. 8 [edi | OLS alegre ow. Seal nee Ieee ays if AS) ee mie 

48 OSA OZ tee SeO: OOo OSE 8S te Bote lhe aire al asreetatel gor a once 36, OU weiss 

GOP | SE Woe. ed ate ees TREE te] Sh es CSE Sila DUO a elle ee ees 

65 4S 8 | 95.0 be7t4 | 44.4 (88-0| 5.60 eo Old 2 ae WLS. ee 

= IIS ON RS. 2S Wee ag |<, Se, iy 2 oe da 82:6) OF4 69.8]. 2. |.) aap eae 

100 48,0 | 96.7 (3561-51 60224.) 140) 87. L250 179 Sa O 2alSS . Olay ccc 

150 BaF HOSke | LOLS won 8) 940M 2aCOW ce mss a cyeaatl seat cel] wioare = 92.2] 1.2 

200 55.8|98.8 | 25.7| 61.4] 95.6) 29.4|97.7| 28.4 |94.2])11.5|96.2) 6.0 

— 200 ate 1.2|74.3)388.6| 4.4] 70.6] 2.3]71.6] 5.8|88.5| 3.8) 94.0 


a Submerged type. 


siope of 3 in. per ft. in order to obtain — 48-mesh overflow when making 65 tons overflow 
per 24 hr. and under such conditions the sand contained 30 per cent. of undersize (— 55- 
mesh). Sizing tests of feed and overflow are given in Table 50. 

Effect of solutes on performance. Stowell (1/7 J 362) reports that the 
addition of 1 lb. sodium sulphide per ton of solid to the feed of an Akins 
classifier made it substantially impossible to overflow sand, with the result 


E : _ Table 51. Effect of solutes on performance 
Table 50. Performance of 24-in. Akins classi- of Akins classifier. 


fier at Royal Asturiana Mining Co. 
Overflow, weight per cent. 
Weights, per cent. Serean 
Screen aperture, 
aperture rest Normal Sodium 
Feed Overflow pulp, no sulphide, @ 1 
solute lb. per ton 
+2-mm. Lit meal insyemed 
1 mm. Sikae UI MISAY, 2a t. +60 WE OMS << s  bicat oeaeee 
55-mesh 27.05 3.0 100 12.9 1.4 
100-mesh 27.0 14.5 150 6.2 S77 
—100-mesh 41.5 82.5 200 5.4 one 
— 200 64.5 91.1 


that, if the spiral was run at the speed for normal operation, sand built up 
in the settling basin until unclassified sand overflowed. Table 51 shows the 
effect on a 30-in. machine sloped 2 in. per ft. and making 12 r.p.m. when running 
in closed circuit with a 5 X 4-ft. ball mill. 

Drag classifier (Fig. 42), sometimes called Espmranza CLASSIFIER, consists 
essentially of an endless band (a), which carries flights (f) and runs on wheels 
(b) and (c), all mounted as shown in a trough (d) with inclined bottom. The 
band (a) may consist of link chain or rubber belt. Feed enters the trough 
at the lower end, water carrying fine solids in suspension overflows the sides 
of the trough, sand settles to the bottom, is dragged up-slope by the flights, and 
discharged at the upper end. The principle of operation is the same as that 
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of the Dorr classifier and the adjustments to effect variation in character of 
products are similar. 

Performances at several mills are given in Table 52. 

In another type of drag classifier the sand settles on the drag belt and is 
carried by it above the pulp surface; slime overflows in the usual fashion. 
The disturbance is less 
than in the ordinary type ¢ Soracket 
and finer sand is, there- | shalt 
fore, collected. At INspI- 
RATION two 18-in. belts 
are set side by side in one 
tank; the distance center 
to center of head pulleys ia i a a as 
is 39 ft.; the vertical dis- : eS =o 
tance from the overflow 
lip to the lower run of the 


Sprocket a hays mH 


S5j8- a <———— 
belt is 5 ft. The ma- lovee ran Tee te Voth 
chines are used to separate RO ae 
sand, for tabling, from = 
flotation tailing (see Sec. Sis-EA Tf \ Ww S if ial 
2, Fig. 61). Soe a oat ZB an 


Dorr hydro-separator 
is a Dorr thickener of 
relatively small diameter & 
fed at such a rate that iN 
slime instead of clear | 
liquor overflows. It is si 
used in the anthracite 
fields to separate —200- 
mesh slime from breaker 
slush, the spigot product = 3 
being dewatered and used eG . EM ca 
for mine fuel while the overflow is sent to a Dorr thickener and dewatered. 
Performance at one plant is shown in Sec. 16, Table 1. 


Side Elevation 


7. Comparison of classifiers 


For separating sands into several grades hydraulic classifiers are far 
superior to all other types, principally on account of the fact that slimes are 
substantially excluded from the spigot products. Their great disadvantages 
are the large water consumption and the excessive dilution of the slime over- 
flow. Hindered-settling classifiers yield spigot products better adapted to 
table concentration than those of free-settling classifiers, on account of the 
greater ratio of diameters of light- to heavy-mineral grains in the spigot 
products, but this ratio in most cases is far below the theoretical figures and 
below experimental results. The Richards-Janney is the most successful of 
the hindered-settling machines. Its principal advantages are steadiness of 
operation due to prevention of banking by the stirring mechanism, low water 
consumption by reason of the intermittent spigot discharge, and low moisture 
content of spigot product, which permits close control of the moisture content 
of the feed to the tables following. Launder-type machines have two great 
advantages over the tank type, viz.: (1) that the spacing of the sorting columns 
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may be adapted to the location of the concentrators following, thus eliminating 
a maze of launders radiating from a group of closely-spaced spigots; and (2) 
saving in head room. It is more difficult, however, to keep slime out of the 
spigot product of the launder classifier and, if slime is present in the feed, more 
coarse sand is carried into the later spigots. It is fairly well agreed that 
de-sliming the feed to any type of hydraulic classifier improves the perform- 
ance of the machine and also separates a much less dilute slime. 

For sand-slime separation and for dewatering sands, mechanical classifiers 
are most widely used, but diaphragm cones, particularly of the automatic type, 
are strong competitors. When the service required is to de-slime grinding- 
mill discharge and return sand to the mill, mechanical classifiers have unques- 
tioned advantage because of the fact that they do their own elevating of the 
sand in the course of the separation, while cones require separate elevators. 
Cones require no power for their operation, but cause considerable loss of 
head room for the sand product, and the power required for re-elevation, 
when necessary, must be charged to the cone. This power will usually exceed 
that necessary to operate a mechanical classifier. Further, the gritty char- 
acter of the material to be elevated causes excessive wear on all kinds of ele- 
vating apparatus. 

Bates (73 A 239) gives a comparison of Caldecott cones, Dorr duplex classifiers and 
Dorr bowl classifiers at the @epuLD mill, Witwatersrand. The classifiers were working 


in closed circuit with tube mills, but the tests were not strictly parallel; reduced to terms 
of performances with a 544 X 22-ft. tube mill, the results were as follows: 


) 
Tons produced by tube mills 
per 24 hr. 
Classifier 
—90-mesh — 200-mesh 
CORB! ot Wa st- pre pee tattehs Pe 140.0 109.5 
Donr jelassrfier.\. cant b- 160.3 127.1 
Bowl iclassifiér. ..27ees0s.0) 4 . 163.4 137.9 


On the basis of separating efficiencies alone, cones are generally superior 
to mechanical classifiers; they give a sand product containing less undersize 
and, in general less tramp oversize in the slime. They are also extremely 
efficient in dewatering. Comparative efficiencies are given in Table 53. 

Comparison of mechanical classifiers. On the basis of the figures in 
Table 53, it would appear that the Akins yields the cleanest sands and that the 
overflow of the Dorr contains the least oversize. The chain-drag is the poor- 
est on both counts. The efficiency of the Akins is best, so far as the tests given 
in the table go, but the number of performances included is small and these 
are presumably the best. Table 54, published by J. V. N. Dorr (14 CME 296) 
in answer to a generalization similar to that above made, seems to show that 
‘under strictly competitive conditions the superiority of the Akins sand is 
obtained at serious sacrifice of the character of overflow and that when the 
tonnage to the Akins is reduced to the point where overflows are of the same 
general character in both Akins and Dorr machines, the sand products are 
likewise similar and the capacity of the Akins much less than that of the Dorr. 

Power consumption is so small for all types as to be an unimportant factor 
in the comparison; it is greatest in the chain-drags. Wear is greatest in the 
drags and least in the Dorr but is not excessive in any of the three. Bearings 
are furthest from the pulp in the Dorr, which is a point of considerable impor- 
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Table 53. Comparative efficiencies of sand-slime separators 
Water Efficiency 
er i= 
cent. ae 
Per ___|under- over- At 
Machine Mill Pe ay ee eee size | sepa Cis 
cent. | total sand sath tating) mesh, 
in . over size, 
ao prod- | fow er Der 
sand | ver- uct ve cent. 
flow : 
Caldecott, 2-dia- Simmer and 
Phrarmecone wy (WACK ne os tele s ere nile en 0.074-mm.| 13.7 2.0 82.2 | 82. 
Caldecott, 2-dia- f I ?- 
DALAM CONE. us| ODFINSS ira ar =| ea- alli Eas 90-mesh | 18.5a) 0.4 66.6 | 72.6 
Caldecott, 2-dia- 
phragm cone....| Mexico....... 34 98.0 80-mesh | 15.0 9.5 T5I0 TAL 
Automatic 
diaphragm...... INT ayelly warns |enee eealtr dae 7 120-mesh 8.3 PD | OO Oral. aeeettee 
Automatic 
ern eae Mipjotivellesiac (erik ke 90-mesh | 8.8 | 0.4 | 48.2 ).....- 
Allen. ee TH Mio. teas. ios 12 97.3 IDewaver|ims CONG. ot - > 09 eee ee 
Mleneverete. el Shaanons>.acnlteaut\. Leek 0.074-mm.| 12.8 D RAnS oul Vn) Lua eV? bi 
Allen SHANNON autores liens coils 0.208-mm.| 26.1 1.6. \ 6onOs h S807 
Allen Mine La Motte]...../..... 0.147-mm. 2.4 0.4 82.8 | 90.8 
Allen. Mine La Motte].....|..... 0.104-mm. 9.3 358) 187.20 (98520 
IBOy laconic: coioretes ODL eee etree senses ee 0.833-mm.} 11.9 Oe 54.5 | 76.0 
TD) OFT eae os eusiG oats United Eastern} 20 93.7 | 0.833-mm.| 31.8 | 2.8 | 69.6 | 50.8 
ADORE epee ters cane Shattuck- 
ATIZ0N8... 6. SOP eran ses 0.589-mm. | 48.8 10! [P41 34) 46. 1 
Wore FA VOSUT e Miami........| 23.4] 39.3] 0.295-mm.| 25.0 | 7.8 | 59.9 | 61.6 
Misamis sie n't 22.7) 72.2] 0.295-mm.| 20.8 0.3 66.0 | 72.6 
Miami. 23.6] 38.3] 0.295-mm.| 40.8 BOTS e LOO 
IMramnge 9 .1..cp cfs 24.5] 73.4] 0.295-mm.| 17.8 7.8 71.5 | 68.6 
Moctezuma...| 20 27.1) 0.295-mm. | 22.0 5.5 22.4 | 66.9 
Inspiration....| 21.9] 19.6] 0.295-mm.| 17.7 6.6 63.4 | 67.6 
Chino as (30 66),5;0°295=mim. |) LOTOMIaEL Oo too. Online 
Engels. . 17 5) 0.295-mm. | 43.3 One 60.5" 170). 2 
Engels. . “sie bs 73 0.295-mm. | 84.6 0.2 38.0 | 17.7 
Cons. Arizona .| 20 .....|0.295-mm.| 44.2 36 2.4°| 20.0 
eee bought VSG 50.8) O.295=mm We staal eee \NOD sos | MOU 
Inspiration. . ORAS cco 0.208-mm.}| 17 1.6 5S Qe | ates 
BiimrouNitng] 2 eee. ea 0.208-mm.| 41.2 Re 63.0 | 79.7 
Witaimaisrc. 2. ZOSGCi ant 0.208-mm. | 31.1 2.4 64.1 | 59.6 
Timber Butte..| 31.0] 90.4 | 0.208-mm.| 60.2 0.6 | 73.6 | 48.1 
Tonopah 
Belmont..... Sole WORE: 0.147-mm.| 38.7 4.0 53 O |G71. 5 
United astern 20 93.8] 0.147-mm.| 46.0 2.6 Do yleelyeooeD 
Miami. . i 25.6 | 33.3] 0.208-mm.| 28.7 Oak 48.2 | 63.0 
Miami. . SOME, IES 0.147-mm. | 30.8 5.5 69.8 | 52.6 
Nipissing . rd Os oeh ebcae Kt 0.074-mm. | 11.8 3.4 84.6 | 84.6 
ING OS USic) 0 oF tele Bi ame MR 0.074-mm.} 39.7 L383 83.0 | 83.0 
St. Joseph Lead] 16 90 Dewater|ing jig jand talble conje. 
Springsietis sl slatteal wert 90-mesh LO. Sal 107.o-.|) Fl. 68! Abas 
Braden’... ..| 20 84 0.417-mm. | 19 2 GO) 4 laeeeeae ce 
Braden....... 18 73.4|1.651-mm.| 56 2 25) OAS Se 
Braden’ 2.2 sfaon 20 87.2] 0.589-mm. | 63 1 42.7 | 68.3 
Braden i: 62 68.8 | 0.417-mm. | 37 1 84 Onn ene eat 
Federal M. & S.| 31 59.1} 80-mesh | 58.4 D45%) 29769 Mie. 
U.S.S. BR. & M.| 19 90.9 Dewater|ing —0|.02-in. |sand |...... 
Royal 
Asturian venules omsis tao... 55-mesh | 30 3 ES SOW aa TE 
INSAT CHa once Manufacturers, cali sw. 0.295-mm.| 7, 3.6D) 4) | SOs eS 
(AKIN Ge ee ore a neray Manutaeturer. |... (a0: 0.208-mm.| 12.0 O08 NM Seale! 69-8 
| 
a —200-mesh. 
tance. 


The drag type has the distinct advantage for small or temporary 


plants that it can be built locally and will probably cost less installed than 


either of the others. 


Local construction also permits considerable latitude in 


area of settling pond and length of draining space. In de-sliming service, 


the drag type is usually reported as less efficient than either of the other types. 
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The bowl-type is superior to all of the others for separation at 100-mesh 
or finer. 


Table 54. Comparison of Dorr and Akins classifiers. (After Dorr) 


Test number... 1 2 
Classifier... ... Dorr Akins Dorr Akins 
Tons per 24 hr.. 145 145 145 75 
| | 
Cumulative | 
per cent. on F Ss O F S O AY O S O 
screens 
40-mesh WOES 5) W437, cay het OQ. 4 Aly S6iAs | eet So. 2 he ke 26570 Nd < tt 
60-mesh SOMOMINOS LSally tec Oe Tia On ee, ee 62> Sie trey BO58> ei 
100-mesh 48.9 | 78.0 O25) 41 30 se.4,) 14,9 | (o.3 O..9) I 76eL 2.9 
200-mesh 62.3 | 91.5 8.9 | 52.9 | 95.8 | 31.8 | 91.5 627-1, 92.(9'") 1454 
— 200-mesh 47.7 8.5 | 91.1 | 47.1 4.2 | 68.2 845< 1093 13 7.1:| 85:9 
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1. Introduction 


Hand sorting or HAND PICKING is manual removal of selected grades of mater- 
jal from a mass of broken ore. A concentrate of high-grade or SHIPPING ORE is 
one of the grades commonly selected. Such material may be worth more per 
ton, on account of its size, than mill concentrate, and, if taken thus early, is 
not subject to the danger of loss attendant on further treatment. Tailing or 
waste for rejection is likewise frequently made. The advantage of this prac- 
tice is increased capacity from a given mill equipment, increase in the pos- 
sible mining rate, and reduction in wear on mill equipment. Even if increased 
capacity is not utilized, there may be marked increase in efficiency because of 
the reduction in load on the mill. Sometimes both shipping ore and waste are 
picked at the same operation and a third class, viz.: MILLING ORE, requiring 
mechanical treatment, is the residue. High-grade complex ores may be picked 
into several classes; as many as sixteen have been made at one time at CLaus- 
THAL (4 SMQ 196). Such close work requires breaking with hammers in 
addition to the actual sorting. Breaking with heavy long-handled hammers is 
called stepGinG; further breaking of sledged material with light long-handled 
hammers is called spaLuine and final breaking with light short-handled chisel- 
peen hammers is called copBina. 


Sledging, spalling and cobbing are rarely practiced in the United States except around 
prospects and one-man mines, but they are established practice iff many foreign countries. 
At certain CoRNWALL mines picking and cobbing produce (a) rich copper pyrite, (b) coarse, 
rich galena, and (c) coarse rich blende, all of which are sent directly to the smelters; (d) 
fine tin oxide, (¢) pyritiferous milling ore, (f) waste. At CuausTHAL (1880-4) six products 
were made from the original ore, viz.: (a) copper pyrite, nearly pure, (b) mixed copper-iron 
pyrite with copper predominating, (c) the same with iron predominating, (d) iron pyrite, 
nearly pure, (e) pyritiferous milling rock, (f) pyrite-chalcopyrite-galena-blende-gangue mid- 
dling. The first four were sold to smelters, the fifth milled and the sixth further cobbed by 
expert workmen, producing: (g) galena, (h) mixed copper and iron pyrite (distributed 
between (6) and (c)), (7) intergrown pyrite and galena, (j) galena milling rock, (k) pyritiferous 
milling rock, (/) mixed pyrite and blende. Lots (2), (j) and (k) were accumulated and milled 
separately; (/) was further cobbed. These are extreme cases, but they result in salable 
products from an ore from which such products can be made only with extreme difficulty, 
if at all, by the most refined of modern concentrating methods. 


When the ore-treatment process is chemical, sorting may be resorted to to 
remove deleterious substances, such as those that consume chernicals, hinder 
settling and filtration, absorb and carry valuable solutes into tailing, ete. 

Apart from the necessity for removing refuse such as rope, wood, steel, 
dynamite, etc., from any mill feed and dangerously deleterious substances from 
feed to chemical ore-treatment processes, the decision as to the advisability 
and extent of sorting is purely economic. The cheaper the labor and the more 
inefficient and expensive the mechanical treatment, the further sorting can 
be carried and vice versa. Undoubtedly sorting could be introduced with 
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advantage in many plants, but just as undoubtedly it is being practiced in some 
places where economy demands its discard or curtailment. For investigation 
of the economics of sorting, see Sec, 22, Art. 19. 

Sorting of some kind is a part of every mining and ore-treatment operation. 
In narrow ore bodies with distinct walls, much of the country rock that is 
unavoidably broken in mining is sorted out underground and left or used for 
filling. In certain mines in which the ore contains segregated masses of pure 


_ valuable mineral, as in some of the Lake Superior native-copper deposits, the 


valuable mineral is picked out underground and sent to the surface separately. 
In general, however, underground sorting is uneconomical on account of 
restricted working places, poor lighting, poor presentation of material and 
the obscuring effect of the fine dirt present. Some sorting to remove wood, 
rope ends, powder and tramp steel is done ahead of the primary crusher in 
practically all mills. This work is, however, incidental to crusher operation 
and is hardly to be considered as a part of the general problem. 

When valuable mineral occurs in ore as coarse aggregates, or when consider- 
able waste is mined with the ore and the mineral and gangue or ore and waste 
are readily distinguishable by eye, the economics of sorting should always be 
investigated. 

2. Sorting surfaces 


Serting is performed on floors, stationary tables and grizzlies and on various 
sorts of moving surfaces such as revolving tables, conveyors of the pan or belt 
variety (see Sec. 20) and shaking surfaces such as shaking feeders or shaking 
sereens or grizzlies. In modern practice in United States and on the Rand 
the material fed to sorting surfaces is prepared mechanically and there is little 
or no breaking during sorting, but in European and some Latin American 
mills considerable breaking (spalling and cobbing) of the ore is done during 
sorting. 

Floors are used for sorting where labor is cheap or where spalling and cob- 
bing are practiced. In its crudest form a sorting floor is any level space with 
a surface that can be swept up thoroughly, on which the ore to be sorted is 
dumped and picked over. The usual practice in such sorting yards is to let 
the work on contract, assigning to each contractor a certain space on the floor, 
delivery of fecd and collection of products being made by the company. With 
coarsely-aggregated complex  sul- 
phide ores, such as the German and Grizzly 1-in. opening 
Austrian lead-zine-iron ores, Corn- 
ish tin ores and certain Bolivian tin 
ores, it is possible by such methods 
to get out high-grade salable con- 
centrates that could not be sepa- 
rated, or could be separated only at 
great expense, after grinding. The 
costs of such work are so variable 
and so dependent on the ore, the 
products required and on local cus- 
tom as to be entirely unreliable for 
quotation. Sorting floors have been 
carried to their highest development 
at some of the Rand gold mines. 


Feed car 


\ 


Sorting floor, 11 ft. wide 
by 70 ft. geek Fine ore bin 
Track for waste car 

Bin for 
milling ore 


Fig. 1.—Arrangement of sorting floor 


ig. h ne arrangement. The é ; 
neg Samet 4 at a South African cyanide plant. 


floor was covered with 14-in. steel plate. 
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About 550 tons per 24 hr. was fed over the grizzlies by two men per shift. Nine men per shift 
on the floor dragged the oversize out with heavy 2-pronged rakes, washed it, did some 
sledging, sorted out about 70 tons of waste per shift, and threw this into cars on the floor, 
while coarse milling ore was shoveled over into the coarse ore bin at a cost (1896) of about 
35¢ per ton sorted. Waste was quartzite and some slate, the ore a cemented conglomerate. 


The pisapvantaaus of floors are that all material must be moved manually 
and that the sorters must work in a stooping position, which is tiring. The 
ADVANTAGE is thorough inspection, since every piece of material must be turned 
over and the pickers are not unduly hurried. 

Table for sorting is shown in Fig. 2. Feed is delivered by cars or wheel 
barrows running on the floor at the left and 
is dumped onto a perforated plate submerged 
1 or 2 in. in water in tank A. Shovelers stand- 
ing on this plate work fines through the screen 
and wash the coarse oversize, then shovel it 
onto the inclined table B. Pickers sitting 


. 2.— = ing tabl 4 
Fic we aE UR tS plank C remove whichever separable 


component of the feed is present in smallest 
bulk and drop it. below them into proper receptacies, finally scraping the 
residue through the opening into the tank below B. 


For sorting on a small scale a punched-plate screen set horizontally on horses or the like 
is recommended as superior to a floor or table (106 J 412). It saves stooping, screens out, 
during the sorting operation, material too small to pick, and the reject is readily hoed off at 
one end. 

Fixed chutes and grizzlies for sorting are of the usual types with the limita- 
tions, however, that their slope shall be near the sliding angle of the material 
(see Sec. 20, Art. 9) and that the width shall not exceed that readily inspected 
and worked, viz.: about 24 to 30 in. when worked from one side and 48 in. 
when worked from both sides. If the slope is less than the sliding angle, 
material is worked along with rake or hoe; if more, the flow is stopped as 
desired by a board, hoe or shovel inserted into the stream. Such sorting sur- 
faces are not used when a large percentage of the total material is to be removed 
or when close sorting is desired. They serve principally when rope, wood, 
powder and steel are being taken out of the primary-crusher feed in order to 
obviate trouble in the mill. A grizzly makes selection easier than a chute 
because of removal of fines, but if the particles are tabular or wedge-shaped, 
the grizzly clogs badly at the low speeds at which material passes and it is, 
consequently, difficult to control the movement of material. 

A sorting grizzly of adjustable slope used at the Porr Henry Iron Ore Co. at Mine- 
ville, N. Y., is shown in Fig. 14, Sec. 5. 

Moving surfaces for sorting include belt and pan conveyors, revolving 
tables and shaking chutes and screens. Such surfaces have the advantage that 
manual handling of rejected material is eliminated, but this rejected material is 
not turned over by or for the picker and material is therefore passed by over- 
sight that should be removed. Further, all material passes at a given uniform 
rate, irrespective of the content of material that should be removed, with the 
result that pickers are, at certain times, hurried beyond their capacity and at 
other times are underworked, if the average speed of travel is right. Not- 
withstanding these drawbacks, most hand sorting at present is done on mov- 
able surfaces because of the advantage of mechanical transport of the reject. 

Belt conveyors (see Sec. 20, Art. 1) are the most usual picking surfaces. 
Belts are commonly 24 to 30 in. wide for a single row of pickers and 48 in. wide 
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for a double row. Stations for operators are placed 3 to 6 ft. apart along the 
belt and chutes are provided at each station for receiving the material removed. 
These chutes are placed beside the picker or on the opposite side of the belt. 
It is probable that chutes on the opposite side are best for material up to 
3- or 4-in. that can be thrown by a flick of the wrist, but pieces that need two 
hands are best drawn toward the picker and it is probably less tiring to draw 


| one-hand pieces larger than 4-in. to the picker’s side than to throw them away. 


Chute mouths should be so large that accurate throwing is not necessary and 
of such conformation that pieces will not tend to bound out. Speed of belts 
ranges between 10 and 80 ft. per min.; the average speed is between 30 and 40 
ft. per min. The more difficult the job., .e., the smaller the pieces and the 
greater the amount to be removed the slower the speed and the longer the 
belt. 

Tuttle (47 SMQ 396) states that coal-picking belts are usually 4 ft. wide and run at 30 
to 60 ft. per min. For picking oversize of a 1.5-in. screen at 30 tons feed per hour he recom- 
mends a belt length of 15 ft. plus 10 ft. for each 3 per cent. of material removed. On 0.75- 


to 1.5-in. sizes he recommends 30 ft. per min. belt travel and, for a feed rate of 20 tons per 
hour, 15 ft. of belt for every 1.5 per cent. of material removed. For more than 4 to 6 per 


The belt should be troughed as little as possible to prevent heaping-up in 
the middle. In many cases a wide flat belt with feed coming on not nearer 
than 6 in. from the edges is used. A belt conveyor is suitable as a sorting sur- 
face for any size of material that can be handled by the pickers, but it will not 
stand any considerable amount of sledging, and wears excessively with feed 
coarser than 6- to 8-in. particularly when, as should be the case, the fine mater- 
ial has been screened out. It may be set on a slope not to exceed 20°. 

Pan conveyor (sce Sec. 20, Art. 2) is used for coarse material. The arrange- 
ment is similar to that described for belts. The speed is usually slower, both 
for mechanical reasons and because larger lumps are handled. A pan conveyor 
will stand sledging and is less subject than belts to wear from large lumps. 
The best form for sorting is one forming the bottom of a shallow trough, which 
has, therefore, stationary sides. This permits removal of large heavy lumps 
more readily than when articulated sides form part of the moving mechanism. 
At Sauer Coat Co. (21 CA 1077), a pick- z 
ing pan conveyor 72 in. wide is run at 50 
ft. per min. and spreads run-of-mine bitu- 
minous coal about 8 in. deep. 

Pan conveyors, if beaded or the equiv- 
alent may be set on slopes up to 30°, 
although material will pile up somewhat 
against the beads and not be so well pre- 
sented as on flatter slopes. 

Revolving table. One form is shown 
in Fig. 3. A metal picking surface (usually 
inclined toward one edge) is carried on a 
structural frame with a circular track 
running on suitably placed wheels on the 
supporting frame. The platform is re- 
volved by means of gear and pinion. p,q 3 R Lvolvins picking cable’ 
Feed is introduced through chute (A), 
pickers stand or sit at suitably placed stations around the outer and inner 
peripheries and throw material removed into appropriate chutes or other 
receptacles. Reject is removed by a scraper ( B) and falls into chute (C), Some 
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tables are supported by ribs from a central spindle, which prevents pick- 
ing stations on the inner periphery. The usual outside diameter ranges from 
16 to 25 ft.; speed is usually between 20 and 40 ft. per min. Some tables are 
double-decked. The upper deck is about half the width of the lower and 6 in. 
higher; it receives the selected material, thus presenting both reject and 
selected material to the inspector. 

Revolving tables have been largely used in So. Africa and in Europe, but installations 
in the United States are rare. German tables are 12 to 15 ft. diam. and 12 to 16 pickers 
work at each table. The cost of sorting on revolving tables on the Rand, where the feed 
is washed oversize of 1.5- or 2-in. sereen, averaging 3-in, size, is 18 to 50¢ per ton, pre-war. 
(Truscott, Witwatersrand gold fields, p. 413.) 

The ADVANTAGES are compactness with consequent ease of supervision and 
collection of products; DISADVANTAGE, as compared to rectilinear conveyors, 
is the loss of' elevation suffered by the reject. 

Shaking surfaces have been used widely in collieries, but, except as primary- 
crusher feeders have not been used to any extent in metal-treatment plants. 
They are essentially chutes with perforate or imperforate bottoms, set on an 
incline of about 10° in the direction of flow and shaken at 100 to 250 @ 2- to 
6-in. throws per min. by a simple eccentric. With the Ferraris method of 
suspension by means of short struts or hangers inclined backward about 15° 
from the vertical, or with a differential head motion (e.g., Marcus screen) the 
picking surface may be horizontal. Limitations of width and the arrangement 
of receptacles are the same as previously discussed. 

These are the least satisfactory of the movable picking surfaces for careful 
picking, but when screen bottoms are used, they serve the triple purpose of 
screens, conveyors and sorting surfaces and thus justify themselves. 


3. Operation 


Material picked should be that present in least amount in the feed, thus 
leaving the larger bulk unhandled. Wiard (112 J 328) recommends removing 
ore (one or two classes as the case may be) whenever the tonnages of ore and 
waste are approximately equal. His argument is that this puts a single and 
easily defined responsibility on the picker, viz.: to remove everything that 
looks like ore, and makes inspection of the products more simple. 

Washing of feed is essential to rapid and accurate sorting. It is usually 
done in the trommels removing oversize, but may be done by hose or sprays 
on floors or moving sorting surfaces. Spray water run on to a troughed inclined 
belt just above the feed point will wash fines down the incline and over the 
tail pulley where they can be collected in a suitable receptacle. For the quan- 
tity of wash water required in trommel washing of non-clayey ores see Sec. 5, 
Art. 5; for clayey ores see Sec. 8, Art. 1. 

Performance at various mills is given in Table 1. 

At Brirannia M., anv S. Co. (113 P 695) the ore is cupriferous pyrite in chloritie schist 
assaying about 2.7 per cent. Cu, 8 per cent. Fe, 1.5 per cent. Zn, 6 per cent. S, 70 per cent. 
SiOg, 25¢ Ag and a trace of gold. Material ranging from 1.5- to 3.5-in. is picked on a belt. 
Four men per shift at two belts pick shipping ore and hard pieces of country rock for tube- 
mill pebbles from the oversize from 600 tons per 24 hr. Shipping ore comprises about 10 
per cent. of the total concentrate and assays 10 to 18 per cent. Cu. The concentrate shipped 
assays 15 to 16 per cent. Cu and is composed of the foregoing together with jig concentrate 
16 to 17 per cent. Cu; table concentrate, 14 to 15 per cent. and flotation concentrate, 14 to 
15 per cent. 

Hanvy (61 A 224) states that the labor in a typical Conur p’Atpnn sorting plant, in 
which 800 tons per day, sorted at 1.5- to 4-in. size, yielded 50 tons shipping ore and 150 
tons waste, consisted of 20 sorters with 5 bosses and repair men. The normal cost (1917) 


Art.3 OPERATION 


Table 1. Performances in hand sorting 
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Slope, 
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was 16¢ per ton of run-of-mine rock or 65¢ per ton sorted out. l 
- English fields, with the percentage removed ranging from 2.1 to 17.5, the tons picked 


Picking coal on belts in 


per worker per hour varied from 0.03 to 0.35, with the highest tonnage corresponding 
to the greatest percentage removed and general, though not exact, adherence to this rule. 
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(Louis, p. 98.) Huntoon (93 J 53) gives the cost of sorting 15 to 20 per cent. of waste from 
belts at Tonopan Butmont at $0.68 per ton of waste and at Tonopan MINING Co., $0.80 
per ton removed when this comprises 11 per cent. of the feed. 


Amount removed by sorting varies according to the ore treated. 


With native-copper ores of Lake Superior the amount is as small as 0.001 per cent. of 
the whole at Coppmr Ranap. At FrepmRraL MINING AND SMELTING Co. lead mines and at 
WirHERBEE SHERMAN magnetite mines 20 per cent. total high-grade ore and waste are 
removed. At Auaska JuNnAU (112 P 632) 7.73 per cent. of the total mill feed was picked 
as milling ore assaying $5.06 per ton and 34.64 per cent., the balance of the 2-in. trommel 
oversize, rejected as 7-cent waste. On the Ranp (201MM 307) material from 8-in. to 1.75- 
in. constitutes 50 to 79 per cent. of all rock hoisted. Waste picked out of this varies from 
10 to 30 per cent. of the total hoisted, averaging about 16 per cent. This constitutes about 
50 per cent. of the total waste hoisted. In IpaHo mills treating coarsely-disseminated lead 
ores, shipping ore picked out varies up to 60 per cent. of the total concentrate produced. 


Labor is generally that unfit for any heavier work, boys, girls, women, or 
old or crippled men. Boys and girls are the quicker and, if properly super- 
vised, most satisfactory. 

Size of material sorted ranges on the average from 2.5- to 12-in. 


Smelting ore as fine as 0.75-in. is picked at the Morenci plant of PHretps Dopeer and as 
coarse as 24-in. at the Ogdensburg plant of N. J. Zinc Co., but the number of moves neces- 
sary to make tonnage on the small sizes is so great that the capacity of pickers is low, and 
difficulty in deciding about and handling 24-in. lumps is likely also to slow the operation 
down below the rate on intermediate sizes. Wiard states (112 P 327) that the best size 
range for sorting is between 1- and 3-in. Richards (TB 196) estimates the maximum rate to be 
on 3- to 4-in. lumps, but Table 1 shows that maximum tonnages per man-hour correspond 
to feed averaging 6- to 12-in. Comparison between Frpprat M. anv S. Co. and WiTHERBEE 
SHERMAN (Table 1) is particularly instructive since at both mines 20 per cent. of the feed 
was picked as shipping ore and waste and the number of pickers indicates sorting to have 
been the sole responsibility of the workers. At WITHERBEE SHERMAN 5 tons per man-hour 
of 4- to 16-in. material was picked against 0.34 ton per man-hour of 1- to 6-in. material at the 
Federal plant. 

Lighting. Daylight is best but ordinarily picking must go on on all shifts, 

hence artificial light must be used part of the time. Since luster and color are 
the principal guides in sorting, the light should be good and as uniform as pos- 
sible. Light should be placed, if possible, to keep shadows off the material 
being picked. Ordinarily diffused or flood lighting is best, but incandescent 
lights placed directly over the feed stream and shaded from pickers’ eyes may 
be best in some cases. Experiment is the best guide. Ore moist from recent 
washing is probably in the best condition for quick and ready selection. 
_ Cost of hand picking bituminous coal at different sizes was thoroughly 
investigated by U. 8S. Coal and Coke Co. (Am. I. & S. Inst., 1921). With 
labor at $0.55 per hr., the costs per ton, including interest and depreciation on 
the investment in sizing and picking machinery, for picking at various sizes 
were as shown in Table 2. See also Performance, above. 


Table 2. Cost of hand picking at different sizes. (After O’ Toole) 


Size, inches Cost, dollars per 
ton of 
run-of-mine 
Through On coal 
PERRO CER Reo tec 4 0.22 
4 14% 1.01 
143 1 4.55 
1 4 7.81 
1 My 9.88 
% 4% 27.63 
% 346 164,38 
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Washers are of three classes, viz.: screening washers, classifying washers, 
streaming washers. Some of the members of each class are designed or 
arranged to effect disintegration of materials such as clays, soft shales and 
sandstones, as a preliminary to concentration, but this is an entirely extra- 
neous function in so far as the separating principle is concerned. The usual 
methods of effecting disintegration are by high-pressure water jets, by tum- 
bling, or by mechanical beating or stirring. 


SCREENING WASHERS 


Screening washers depend, for their effect, on the fact that the value of the 
fine and coarse particles of the material to be treated differs. Usually, as with 
wash iron ores, phosphate ore, bauxite ore and the like, the coarse material is 
the valuable constituent, but the reverse condition obtains with certain 
metallic ores, e.g., Cripple Creek tellurides. Screening washers are used prin- 
cipally with ores of the first class. 


1. Wash trommels 


Trommel screen for washing do not differ from wet trommels in ordinary 
sereening service (Sec. 5, Art. 5) except that when disintegration 1s necessary 
the machine is set on a flatter slope and powerful water Jets play on the mater- 
ial in the interior. For such work screens supported on tires and rollers are 
better than those with a central shaft. Roller screens permit heavier con- 
struction, which is desirable when lump ore is being treated. The use of 
trommel screens for washing is usual in ore-sorting plants and on gold dredges. 


Trommels on dredges may be 8- to 10-ft. diameter and 40 to 60 ft. long and are very 
heavy. 
625 
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New Century wash trommel (Fig. 1) is degigned especially for washing. 
The disintegrating surface is a cylindrical grid of heavy longitudinal bars 
(a) carried on two heavy spiders (b) on a 
central shaft. Screen cloth is stretched outside 
the grids and lifting buckets (c) are disposed on 
the outside of the screen. The whole is set ina 
shallow tank. A plow-shaped casting (d) fastened 
to the inside of the conical discharge-end lifts and 
discharges washed oversize. The heavier under- 
size is lifted from the tank by the buckets and 
thrown onto an apron (e). Suspended fines 
overflow the same apron. 


The diameter is 40 in., lengths from 4 to 8 ft. The 
manufacturer claims capacitins of 75 to 300 tons per 24 
hr. with consumption of 4 to 6 hp. 


Fic. 1.—New ,Century wash 
trommel. 


Grizzly and nozzle stream were used to disintegrate and concentrate in 
a simple and compactly arranged plant shown in Fig. 2 (21 IMM 230). The 
ore was delivered on an upper track, dumped into a chute (A) and brought to 
a washing platform (8) where it was disintegrated by means of a stream from a 


Fic. 2.—Monitor washing plant. 


nozzle (@). Disintegrated material flowed over a grizzly (D), washed oversize 
was collected in a bin (£) and undersize flowed through launder (K) to a set- 
tling tank (ZL). 


Nozzles delivering water under high pressure (50 lb. per sq. in. and upward), as above, 
are extremely effective in disintegrating loam, mud and light clays. They are used on 
sorting floors and on screens and grizzlies in sorting plants, in revolving screens on gold 
dredges and in gravel-washing plants, and in breaking down gravel banks in hydraulic min- 
ing. When disintegration is an important feature, the nozzle should be designed to deliver 
as nearly as possible a solid column of water at maximum velocity. When removal of thin, 
slightly-adherent layers of dirt is sought, as in preparing ores for hand sorting, delivery 
of the water in a thin sheet or a multiplicity of fine jets is desirable. 


Dorr ore washer consists essentially of a standard Dorr classifier (Sec. 6, 
Art 6) and a trommel mounted above the settling pond in such a way that 
the lower part of the trommel is submerged. The discharge end of the trom- 
mel is fitted with a discharge scoop similar to that in a scoop-discharge tube 
mill. 

In an exhaustive test at the Minnesota School of Mines (Bul. 6, MSM), the washer 
recovery on Lake Superior wash iron ores averaged above 90 per cent. against about 
88 per cent. for a log washer and the concentrate was higher grade. Davis estimates the 


first cost of a Dorr plant less than that of a log-washer plant and the operating cost no 
higher. 
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CLASSIFYING WASHERS 


These machines are essentially hydraulic or mechanical classifiers (Sec. 
6) used as finishing machines because of the special amenability of certain 
ores to such one-step concentration. 


2. Drum washers 


Washing drum consists of an imperforate cylinder, 4- to 8-ft. diameter and 
10 to 20 ft. long, set with the axis horizontal and driven at 250 to 300 ft. per 
min. peripheral speed. The ends are partially closed by an annular rim so 
that a certain amount of liquid pulp is maintained in the interior. Spirally- 
disposed lifting blades or ribbons are placed on the inner wall to tumble and 


-move lumps from feed to discharge end. High-pressure water jets are set to 


play on the tumbling material. At the discharge end heavy solid particles 
are lifted by perforated buckets and discharged through a chute while water 
lifts the fines over the closing ring at the feed end. 


Speed depends on the diameter of the drum and the character of the material treated; 
the higher the speed the greater the rate of progress and consequently the less the washing 
up to the point where centrifugal force causes material to cling to the walls. Powsr con- 
SUMPTION, within the size range given, will vary between 5and10hp. Warer conSUMPTION 
is 1 to 4 tons per ton of feed. Capacity depends on the character of the feed: for fairly 
heavy, granular ores large machines with a long-pitch spiral run at maximum speed will 
wash 25 to 30 tons per hour; clayey material in a machine of the same size requires low 
pitch and speed and the capacity will not exceed 25 to 50 per cent. of the above. 


Crickboom washer is designed for treatment of materials that are too tena- 
cious for disintegration in the ordinary washing drum. In addition to the 
ordinary washing drum it has a horizontal shaft carrying beater arms which is 
independently driven at about 200 r.p.m. in the opposite direction to the drum 
moving at 10 to 15 r.p.m. The beater arms, therefore, strike and aid in dis- 
integrating the rising material. The lifters on the drum are spaced about 
0.75 in. from the shell, thus failing to lift fine material and water. 


Richards (7B 190) gives the capacity of a 4 X 8-ft. machine as 5 to 5.5 tons of tough 
clayey ore per hour with a WATER CONSUMPTION of 1.6 to 1.8 tons per ton of ore. 


3. Puddling 


Puddling is a method of washing in which material in a shallow cylindrical 
tank is stirred relatively slowly by means of sweep arms depending from an 
overhead sweep. In the form used in the Kimberley diamond fields feed is 
introduced at the periphery with only sufficient water to form a thick pulp. 
Sweeps revolve about 10 r.p.m. and the paddle arms are set at an angle that 
forces settled solid toward the outer rim while water containing suspended 
solids overflows the inner rim. 

Operation is intermittent. When the operator judges that sufficient solid has collected 


in the bottom, feed is shut off, clear water is run through for a time, then settled material 
is swept through a bottom gate by means of a plow attached to the sweep. 


Successful operation of a machine of this type depends on easy disintegra~ 
tion, a high percentage of clayey material and finely divided waste sand that 


is readily kept in suspension in the thick pulp. 
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4. Log washer 


Sec. 8. 


Description. The log washer (Fig. 3) consists essentially of a heavy log 
(a) carrying strong metal blades arranged spirally on its surface, the log being 


About 18 rev. 
per min. 


ischarge 
spout 
VR Ss 


ay’ 


Fic. 3.—Two-log washer. 


mounted on a slope of 34 
in. to 114 in. per ft. m 
an inclined-bottom trough 
closed at the lower end and 
open at the upper. The 
log isso driven that the 
action of the blades trans- 
ports material up the in- 
cline. The length and 
slope of the trough are 
such that the upper third 
to half of the length of 
the log is not submerged. 
The bottom of the trough 
is usually made to con- 
form to the cylindrical 
surface generated by the 
blade tips with clearance 
between the tips and the 
bottom somewhat greater 
than the diameter of the 
largest lump of ore in the 


feed. Logs are built one 
or twoto atrough. The usual length is between 20 and 30 ft. and the 
diameter, tip to tip of blades, between 24 and 30 in. Speed is from 
12 to 24 r.p.m. Double logs revolve in opposite directions with the blades 
rising between them. Logs are made of wood or iron. Wooden logs 
are generally 12- to 18-in. sticks, and square, hexagonal or octagonal in sec- 
tion. They are shod full length with iron straps. Heavy cast-iron gudgeons 
(Fig. 4) are fitted to the ends, the Jower gudgeon passing through a stuffing 


Angle of inclina- 
tion of blade of 


¥ie. 4.—Gudgeon, chilled-iron thimble 
and step bearing for wooden log. 


Fie. 5.—Cast-iron log. 


box and carried in a thrust bearing, the upper carrying the driving gear. The 
blades are usually chilled castings with a base for bolting to the log. Blades 
are sometimes made renewable in the bases, in which case the blade is special 
iron or steel and the base an ordinary casting. 


Fig. 5 is a section of a log made of cast-iron pipe 11.5 in. diameter, 0.75 in. thick, flanged 
at both ends for attachment to the gudgeons. The blades are arranged 45° apart on two 
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spirals starting 180° apart on a 5-ft. pitch. The foot of each blade has two holes for 0.75-in. 
bolts. The arrangement of blades is such as to bring those in the two spirals at opposite 
ends of the same diameter every 5% ft. along the pipe and hence through bolts can be used, 
each pair holding two blades. 

Structural-steel logs have been built in various forms. The principal dif- 
ficulty is to effect secure attachment of the blades. 

Feed is introduced on the upcoming side of single logs or between double 
logs and near the lower end of the trough, water is fed near the upper end; mud 
and fine sand are carried by the water over a weir (b) (Fig. 3) at the lower 
end while lump material and coarser sand are scraped up the trough and dis- 
charged at the upper end. Maximum size of feed is usually about 3-in. 

Capacity varies with the size and speed of the log and the pitch of the spiral and is 
greatly affected by the character of feed. With easily washed ore of high specific gravity 
a double-log washer with 30-ft. x 7-ft. trough will handle about 500 tons per 24 hr. With 
difficult clayey ore a 20-ft. x 4-ft. trough may not handle over 50 tons of feed per 24 hr. 
Water consumption is from 4 to 8 tons of water per ton of solid. Power for double 25-ft. 
logs is about 25 hp. Treating manganese ores (Bul. 734 USGS 99) a double 25-ft. log 
making 12 to 15 r.p.m. treats 40 to 50 tons per 24 hr. with a consumption of 50 to 75 gal. 
water per min. and 20 to 25 hp. 

Turbo washers are log washers with perforated false bottoms through 
which water is forced under pressure. They wash the lump material more 
thoroughly than the ordinary log washer does. 


Mechanical classifiers (Sec. 6) are sometimes used as washers when the granular mater- 
ial is smaller than, say, 1-in, maximum size, and little or no disintegration is necessary. 


5. Vertical-current washers 


These machines are essentially hydraulic classifiers. They are satisfactory 
concentrators in the places in which they are used only because the service is 
relatively easy, such as the separation of clay and fine sand from lump iron ore; 
or because the amount of cleaning to be done is relatively small, as in the 
removal of slate from sized coal in the Draper position 
washer; or because of repeated treatment, as in 
the Rheolaveur. 

Wetherbee iron-ore concentrator (Fig. 6) com- 
bines mechanical agitation with free-settling 
hydraulic classification to effect separation of fine 
silica and clayey material from coarse and fine 
hematite in Mesabi wash ores. It is, therefore, a 
direct competitor of the log and turbo washers. 
Feed passing a 14-in. aperture is introduced into 
the revolving tub (a) and discharged by centrifugal 
force through the holes (b) into annular space (c) 
through which a current of water is rising. The 
theory of the machine is that the swirl in this an- 
nular space is sufficient to keep the lighter particles 
in suspension and that consequently a small rising 
current will lift them into the overflow, while the 
heavier particles will settle into the hopper-shaped 
bottom from which they may be removed by a drag or screw conveyor, or, 
if sufficiently fine, by a pipe-and-plug spigot. 

Machines 3 ft. and 6 ft. in diameter have been used. Working on one particular ore, 


28 r.p.m. for the 6-ft. machine and 36 r.p.m. for the 3-ft. machine were found to be the 
best speeds and hydraulic water consumption was from 80 to 150 gal. per min. The 6-ft, 
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Fic. 6.—Wetherbee concen- 
trator for wash iron ores. 
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machine readily treated 50 tons — %4-in. feed per hr. and produced concentrate assaying 
57 to 62 per cent. Fe from feeds carrying 39 to 54 per cent. Fe. Comparative results on two 
Mesabi mills, one using the Wetherbee machine and the other a turbo washer and tables 
to treat log-washer tailing, showed 81.4 per cent. recovery with a concentrate assaying 
59.8 per cent. Fe for the first mill and 78.6 per cent. recovery with 58.8 per cent. Fe in the 
concentrate for the other (103 J 801). 


Draper tubular washer (Fig. 7) is essentially a hindered-settling classifier 
used for treating —3-in. sized coal. The usual size splits in British practice 
(67 IME 502) are —34 + %¢6-1n., —3%46 + Ke-in., 
—W_ + %o-in. and —1%»-in. In one English plant 
the capacities at different sizes were —3g + 3{¢-In., 
6 tons per hr.; —34g + 6-in., 4 tons per hr.; 
—Wy_ + bo-in., and —14o-in., 1 ton per hr. Six 
machines required 200 gal. water per min. Per- 


Raw coal 


Washed ae : 
asned formance is given in Table 1. 
Water? 
Table 1. Performance of Draper washer 
Percentage ash 
; Free coal in 
Samplin Size of feed, 
Hie Inspection inches dite § 
Feed Washed coal p % 
(IN) Rotary +41 316 16.8 3.8 0.25 
WY Valve —%6e+NYe 2207, 3.6 0.5 
{Shale —VYoete 22.0 Acay 1.6 
— Vo 29.7 9.1 3.2 
Fie. 7.—Draper coal Average =*\- sB26 2%. Aly $al Seca ieee ae 
washer. j 


Rheolaveur (Fig. 8) is essentially a shallow-pocket launder-type classifier 
(see Sec. 6, Arts. 2 and 3) applied to the separation of impurities from raw coal. 
At sizes below 314-in. separation depends on three different phenomena, viz.: 
(a) stratification, by reason 
of difference in specific grav- 


SK 
. . . Ke U; 
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the bottom, bone above and 

coal on top; (b) difference in rate of movement along the trough, due to differ- 
ence in shape, difference in specific gravity and difference in stream velocity 
at different depths, resulting in relatively rapid movement of the rounded 
light coal particles in the rapid upper portion of the stream and eee 
tively slow movement of the flat, heavy slate particles at the bottom; (c) 
difference in settling velocity in water due to difference in size and specific 
gravity. Thus when a mixture of particles is first introduced into the classi- 
fying trough, stratification occurs; thereafter the lower layer of slate moves 
less rapidly than the upper layer of coal and when a discharge slot (Fig. 9) is 
reached and support is taken away from all the particles, the resultant path of 
the large slate particles, having the greater instantaneous vertical accelera- 
tion and the smaller horizontal component of velocity, fall through the slot, if 


everything is properly proportioned, while the particles of coal and finer par- 
ticles of slate pass on. 
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Four different types of slate-discharge spouts are shown in Fig. 9. The f i 

for feeds coarser than 14- or %6-in. The flap-valve (v) is hrrateel so as to aes 
at short intervals, permitting slate to bank above it during the time that it is closed and 
remaining open only long enough to drop the accumulated slate without permitting coal 
to drop. An intermittent mechanically-controlled slate-discharge valve (Fig. 9, E) is 
attached to the bottom of the sorting pocket. Starting with chambers (A) and (B) full of 
water and valves (R2), (V1) and (V2) closed, (valve (2) corresponds to valve (Rj) in Fig. 
9, A), slate settles into chamber (A), displacing an equal volume of water upward through 
the sorting column, and collects for a predetermined time until (A) is partly full. Valve 
(V1) is then opened, the slate falls into chamber (B), displacing water upward into (A) 
so that, again, no down current is induced in the sorting column. (Vy) is then closed, 
(V2) opened, the slate discharged, and, after (V2) closes, (Ro) opens and the water 
lost is replaced, a suitable vent for air being provided. A flap-valve slate discharge 
without rising current, discharging into a bucket-elevator boot tank (see Fig. 9, B) is 
used for later discharge ports. For fine material (— 14-in.) the continuously discharging 
spigot, Fig. 9, C, is used for the first slate discharges and the form, Fig. 9, D, without 
rising current, for the later pockets. The intermittent discharge (Fig. 9, BE) may be 
attached to either of these, if the amount of water leaving with the slate is too great, 


#,-Moving bed 


(A) (B) (C) (D) 


Fig. 9.—Discharge spigots, Rheolaveur. 


Troughs are usually sloped 1 in 10 to 1 in 5 at the feed end, diminishing to 1 in 20 at 
the discharge end. A rising current may or may not be maintained in the sorting pockets. 
When feed is finer than 0.3- to 0.4-in. diameter, continuous discharge from sorting pockets 
is maintained, but for coarser feeds, up to 4-in., intermittent discharge, controlled by a 
mechanically-operated flap valve in the bottom of the trough, is used, with a constant supply 
of hydraulic water under the valve. When the valve is opened the upward rush of water 
prevents coal from falling. 


As is true of all classifiers, clean separation on unsized feed is impossible. 
Hence in installing the process provision is made to take a coal-bearing mid- 
dling from the sorting pockets of a primary machine, using low-velocity water 
currents, and clean coal from the later pockets and overflow end; then re- 
treating the middling in a secondary machine with strong rising currents, 
making clean tailing and boney coal, the latter being returned to the head of 
the primary machine. 

Considerable fine coal (—10- to 20-mesh) is necessarily lost with fine shale 
and clayey material that goes with the coarser coal and must be separated in 


the dewatering apparatus. 


Capacity of 100 tons —34-in. raw coal per hr. is claimed for a 2-spigot machine, with 
trough 1 ft. 8 in. wide by 16 ft. long, with a power consumption of 25 hp. for pumps, ele- 
vators and conveyors. 

At Ormonpr Coxuurery near Derby, England (25 CA 466), treating 100 tons per hr., 
the power consumed is i hp.-hr. per ton; the net water consumption 40 gal. per min. The 
refuse contains between 0.9 and 1.7 per cent. free coal while the ash content of the washed 
coal, including sludge, is in general not more than 2 per cent. in excess of the fixed-ash con- 


tent. Sulphur is reduced from 1.6 to 1.1 per cent, 
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6. Tank washers 


General. The principle of these machines is to agitate a mixture of 
minerals of different specific gravities in a tank containing a fluid which, either 
by reason of its density or the direction and velocity of its motion, causes the 
lighter mineral or minerals tc float while the heavier sink. Tank washers such 
as the Robinson and Howe have been used for a long time in bituminous- 
coal washing, and the Chance washer is being used on 
both anthracite and bituminous coals. A considerable 
number of attempts have been made, as recorded in 
the patent office, to apply heavy-solution separation to 
southern hematite washing, but the high cost of solu- 
tions is a bar to commercial success. 

Robinson washer (Fig. 10) is essentiaily a hindered- 
settling hydraulic classifier (Sec. 6, Art. 3) with a stir- 
ring mechanism to prevent the material in the teeter 
chamber from packing and channeling. It is used to 
separate coal from slate and other heavy impurities. 
Hydraulic water enters through holes (@) from the 
annular pressure chamber (fF) and rises with decreas- 
ing velocity through the cone to the overflow lip (D). 
Feed enters through the central ring (B), slate, pyrite, 
etc., settle against the rising current and are drawn 
Fig. 10.—Robinson Off intermittently through the discharge valve at the 

tub washer. bottom, while coal overflows. 


A common size in bituminous washeries is 1014-ft. diameter by 101% ft. deep with over- 
flow lip 2 ft. long. The speed of the spindle is 20 to 25 r.p.m. Rated capacity on —3- 
or 34-in. feed is 50 tons per hr. Water consumption is high and all fine dirt goes into the 
coal, but this can be sepa- 
rated by subsequent screen- ey see oO 
ing. Performance on dif- 
ferent sizes of coal is shown 
in Table 2. 


Howe washer is simi- 
lar to the Robinson 
washer, except that the 
stirring arms are hori- 
zontal. 


At Renton Coat Co., 
Renton, Wash. (28 UW 
104), a Robinson washer 
treated —24-in. raw coal 
containing 19.3 per cent. 
ash and made an overflow 
product containing 18 per 
cent. ash and refuse con- 
taining 61.5 per cent. Re- 


covery of combustible was (A 
97.3 per cent.; ash reduc- “Wa 
tion, 6.7 per cent. ©) 


(Fig. 11) is essentially 
ahindered-settlingclas- , 
sifier. Feed entering 
behind the baffle (A) 


Hydro-separator (| Dist ia I 
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Fic. 11.—Hydro-separator for sized anthracite. 
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into the bottom of the sorting compartment (B) meets a rising current of 
water entering through perforations in (C) and the light material rises to the 


Table 2. Performance of Robinson washer on British bituminous coals. (After 
Drakeley, 54 IME 456) 
Unsized coal, —1%-in. 
Coal free 
from visible Raw coal Washed coal Refuse 
impurity 
PASI SDT. COM. Svs\ 4 Fare vena 3.64 19.98 9.93 56.10 
Sh TOS ee rE 0.47 0.63 0.51 0.97 
Calorific value, C. H. U.. 7782 6431 1 OAS: ae P| pee ae he 
Hloat, perveent..(a)\. sei seu|). se deways. es Wek OD) A reek SSH S0 hae ee DUMGZ, steer 
PDD EIIOOM iaetete ek Mt ck Bm. aanittlhe Seapcy ance ire) Selllnebis atc 2 hgayeees ss 78.33 
Reh percent. le es ease 5,16 | 58.17 | 4.35 | 53.89 | 7.76 | 69.47 
Unsized coal, — %-in. 
Coal free 
from visible Raw coal Washed coal Refuse 
impurity 
Ash, per cent:....7.. 2.45 2.63 9.13 4.73 55.03 
‘ShiGO? ONE ey oer oem 0.41 0.47 0.42 0.78 
Calorific value, C. H. U.. 7992 7362 TAS) Ie ea ers 
Mloat} per cent. (a) Si 13. Nes. A 88246 Uae 96). 127 ee ar s5S) |, ee 
Sinlcreperpcel tans. tay. dnlterees bee ore lease ND D4) |e erece te 32.38) itenet 85.45 
PASH RD EN COM Users ses: orer'9'r > aries miata ® 2.88 | 56.89 2.78 | 53.20 8.21 | 62.80 
Sized coal 
Gonilives Washed coal : 
from visible | Raw coal Refuse 
alee, — 36-10 —2-+346-in. 
Agh> per centi)20. Se st 3 12 3h PUSS 4.47 76.23 
Pee oot! hun A) 8. 0.63 0.80 0.75 0.68 W72 
Calorifie value, C. H. U.. 7985 7060 7172 TOOBIN, MS flO 
est Hee SOMOOW ee (Stole ee (90. OF os oo | le OOnie ate 
iS eS RG OTT ONGC Imes: 2208 |e 98.07 
SKS Der CONte ee ou 5 Seah RECENT RR CER 18.00)... 
ASIP GOT OLTH ger S Een ea [PP EOI fae 3.28161.07| 3.14/67.83] 3.27|58.62| 9.54|77.48 


a Solution, 1.35 sp. gr. 
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top of the teeter column and overflows baffle (7). The heavy material is 
withdrawn through an adjustable slot (@). The feed must be closely sized. 


At PENNSYLVANIA Coat Co., Dunmore breaker, (26 CA 188), three of these machines 
with screens 18% X 24 in. treat 15 tons per hr. each of No. 1 buckwheat, rejecting about 
21% tons of refuse containing about 6.7 per cent. coal, of which about half is bone. The 
cleaned coal contains about 7 per cent. slate. ach machine is served by a centrifugal 
pump delivering 320 gal. of water per min. against a pressure head of about 2 lb. and driven 
by a 8-hp. motor. 


7. Heavy-fluid washers 


These machines embody classification carried to the limit where, by reason 
of the fact that the density of the separating medium is greater than that 
of one of the ore constituents, the downward component of velocity of that 
constituent is zero. The processes differ in the character of the separating 
fluid. 

Chance washer. Chance (patent 1,224,138/1917), describes a method of 
treatment of crude coal and certain ores in which the minerals of different 
specific gravities are caused to sink or float by gravity or by centrifugal force 
in a fluid mass of intermediate specific gravity, obtained by suspending finely 
divided solid matter in a liquid, usually water, by agitation. 

Normally the separating chamber is a conical tank 6 or 15 ft. diameter 
provided with stirrmg arms on a vertical spindle and supplied at the bottom 
with hydraulic water. The lighter material overflows the periphery or is 
skimmed off while the heavy material is removed from the bottom by a drag 
conveyor or bucket elevator or by gravity through an intermittent slush gate. 
The pulverized solid whose suspension raises the apparent specific gravity 
of the fluid mass should consist of particles smaller than the average size of the 
particles to be floated and of greater specific gravity. Maintenance of the pre- 
determined specific gravity of the fluid mass is the important and difficult 
part of the operation, since the added solid is lost by overflow and the liquid 
becomes contaminated by fine particles of both the sink and float materials. 
In patent 1,392,401,/1921, it is claimed that specific gravities of 1.50 to 1.70 
can be maintained with ordinary quartz sea sand and water. The size of 
feed is relatively unimportant from the theoretical point of view, but prac- 
tically fine material is difficult or impossible to separate. 

The method has had considerable trial in coal separation but none in metal 
concentration. In coal separation, quartz sand is used as the separating solid 
and water as the suspending liquid. 


In patents 1,392,399 and 1,392,400/1921, Chance describes a method of maintaining a 
mass of water above the mass of suspended sand, thus furnishing a means of overflowing 
or washing off floated coal and also slime and organic waste in the feed. The overlying body 
of liquor also lessens the submergence of the mass floating on the dense-fluid mass. 

In patent 1,392,401/1921, Chance and Chance describe the application of the heavy 
fluid mass obtained by solid suspension to the operation of jigs, classifiers, trough washers 
and the like. “It is pointed out that in a fluid mass of 1.25 specific gravity the relative 
weights of coal (sp. gr. 1.30), boney coal (sp. gr. 1.45) and slate (sp. gr. 2.00) are 624, 2524 
and 100 respectively while in water the corresponding weights are 30, 45 and 100. Sepa- 
ration by settling is correspondingly easier in the heayy fiuid. In 1,462,881/1923, 
Chance describes the use of a mixture of comminuted solids of different specific gravities, 
maintained by agitation, in order to get liquid masses of closely-stepped differences in 
specific gravity with any desired interstitial volume. If a liquid mass is desired with spe- 
cific gravity =2.00 and with 60 per cent. interstitial volume, to be made of water and 
comminuted solids of 2.5 and 5.0 specific gravities, it can be made by using 24 per cent. 
of the light and 16 per cent. of the heavy solid by volume. (0.60 X 1.00 + 0.24 K 2.5 + 
0.16 x 5.0 = 2.00.) To obtain a fluid mass of the same density using water and the heavy 
solid alone would require 75 per cent. interstitial volume and such dispersed solids are 
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hard to maintain uniformly suspended. The minimum efficient interstitial volume is about 
55 to 60 per cent. 

In patent 1,556,676/1925, Chance describes the use of a fluid mass sufficiently dense to 
float middling and an apparatus with overflows at two or more levels to remove products 
of different specifie weights. 

In patents 1,559,937 and 1,559,938/1925, are illustrated two forms of apparatus for prac- 
ticing the Chance process. 

In patent 1,561,909/1925, Chance suggests a method of increasing the specific gravity 
of the fluid mass without decreasing its fluidity by introducing a second fluid mass, contain- 
ing finer solid in suspension, so that it will rise through the first. Thus, if a separating 
fluid mass consists of 40 per cent. quartz sand and 60 per cent. water, the specific gravity 
is 0.40 X 2.65 + 0.60 X 1.0 = 1.66. This is substantially the practical limit of density with 
quartz sand. If, instead of water a fluid mass consisting of 20 per cent. fine quartz sand 
and 80 per cent. water be injected to maintain dispersion of the coarser sand (the density 
of the secondary fluid being 0.20 X 2.65 + 0.80 x 1.0 = 1.33), the density of the resulting 
composite mass is 0.40 X 2.65 + 0.60 X 1.33 = 1.858. Chance suggests the possibility 
of using, say, a 10 per cent. suspension of fine magnetite (0.10 X 5.0 + 0.90 X 1.0 = 1.40) 
as the secondary fluid, in which case the specific gravity of the mixed fluid is 0.40 X 2.65 + 
0.60 X 1.40 = 1.90. 


Arrangement of a Chance washer with coal and refuse screens and sand- 
recovery system is shown in Fig. 12. Sand is maintained in suspension in the 
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Fic. 12.—Arrangement of Chance washer. 


washer (a) by means of the agitator and of water introduced at the apex. 
Raw coal is introduced at (F’), the washed coal overflows with some sand onto 
a fine shaking screen which removes sand and this returns to the sand sump. 
Refuse discharges through the refuse valve into refuse tank (b) which like- 
wise is discharged over a screen that sends sand to the sand sump. Fine coal 
and dirt overflow the sand sump and sand is returned to the washer. 


The ratio of diameter of classifier column to diameter of the cone at the overflow level 
is determined by the density to be maintained and the sand used. The classifier column 
must be small enough so that, with sufficient water rising to maintain the desired density, 
the rising velocity in the column will prevent sand from settling. Hence the higher the 
density to be maintained and consequently, the less water introduced, the greater the neces- 
sary ratio between overflow and column diameters. If the large volume of water required 
for the low-density sand-fluid for bituminous-coal separation produces too great rising 
velocity in the classifier column to permit small slate particles to settle, part of the water 


636 WASHING See. 8. 


may be advantageously introduced through a manifold entering the sides of the cone at a 
number of points. 

The Chance machine has been installed at several anthracite breakers. According to 
Chance (70 A 743) the capacity of a 7-ft. 8-in. (diam.) cone is 60 tons per hr. of fresh- 
mined coal or 30 tons of culm-bank material. The overflow capacity of this machine is 
about 50 tons per hr. (21 CA 735) hence this is the limiting factor on mine coal while 
slate-valve capacity is the limiting factor with culm. At the Nanticoke plant of SrarLes 
anpD Bewy the average capacity on anthracite was 25 tons per hr. but the machine could 
be pushed to handle 60 tons per hr. The corresponding capacities of the 15-ft. cone are 
200 and 150 tons feed per hr. The machine handles unsized feed from egg size down, 
although separation is poor below %- to 4-in., and this material should be removed in 
order to prevent contamination of the sand therewith. 

Speed of agitator in a 7-ft. 8-in. cone treating anthracite is about 14 rpm. Power 
required in one installation (21 CA 735) was 11 to 16 hp. for agitator, refuse conveyor and 
screens and 20 hp. for the sand pump. 

Sizing tests of feed and products of a machine treating run-of-mine and culm-bank 
anthracite are shown in Table 3. - 

For performance in bituminous washing see p. 63. 


Conklin separator (66 A 458). The separating fluid consists of —200-mesh 
magnetite in water in the proportions, approximately, of 4.4 parts water to 
one of magnetite, which produces a fluid of about 1.9 specific gravity. The 
claimed advantage over the Chance process is that the magnetite fluid does 
not require agitation to maintain suspension and it is more readily separated 
from the products. The separating tank is rectangular, about 15 ft. long, and 
8 to 10 ft. deep, while the width depends on the capacity desired, reckoning 
about 7 tons per hour per ft. Coal is removed by a chain drag while the slate 
is taken out by a screw conveyor. 

Heavy solutions. The processes suggested may be classified as (1) pure 
gravitational settling in heavy solutions; (2) gravitational settling following 
treatment of the feed in such a way as to alter its effective specific gravity. 

The basic requirements for a suitable heavy liquid are that it shall not react 
chemically with any of the constituents of the ore, which would result in irre- 
trievable loss of solution; that it shall not, as a contaminant of the concen- 
trate, interfere with subsequent use of the latter; and that it shall be cheap. 

Most of the patented processes claim ability to treat ores in general, but 
economically, except in special cases such as flotation of wad or of coke, the 
various processes are applicable only to coal washing, where one of the con- 
stituents of the mixture to be treated has an exceptionally low specific gravity. 

Pure gravitational settling in heavy solutions is an attractive idea, but fails 
commercially on account of the cost of solution and the impossibility or 
expense involved in so operating that there is little or no loss of solution with 
the products. There are a number of solutions capable of floating lighter 
minerals such as coal, e.g., zine chloride in water, but none that do not react 
with the coal are cheap enough. Various patented expedients suggested are: 

Lurie (454,116/1891). Use of water and a liquid insoluble in and heavier than water 
and also heavier than one mineral but lighter than the other, e.g., (1) a liquid (sp. er. nearly 
4) made by distilling a mixture of bromine and alcohol, collecting the retort residue and 
decomposing with caustic alkali. (2) Tetrabromethane. (3) A liquid made from (1) by 
treating with pure acetylene (sp. gr. about 2). (4) Methyl-propyl-benzene or eymene in 


alcohol. Intermediate specific gravities may be obtained by mixing any two or more of 
these liquids. 


DuPont (994,950/1911). A process for coal-slate separation in which after separation 
ina liquid of intermediate specific gravity (carbon tetrachloride) the floating material and 
separating fluid are then run into a liquid which has a higher boiling point than the separat- 
ing fluid and is substantially immiscible therewith (water), and the separating flvid is vol: 
atilized and collected while the coal collects in the water. (1,002,865/1911) A method of 
separating limonite from silicious impurities, consisting in heating to change Salad e 
Fe2O3 and then separating in antimony bromide at 100°C. Addition of ammonium 
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chloride with antimony chloride prevents decomposition and insures complete volatiliza- 
tion (1,004,815/1911). 

Stannous chloride (sp. gr. 2.27) liquefying at 114° C. may be used (1,064,459, 1,067,410/ 
1913). 

1 eee (1,244,885/1917). The separating fluid may be removed by a volatile 
solvent and recovered by evaporation. Carbon disulphide is a suitable solvent for tin and 
arsenious bromides. 


Gravity settling following change in density. The usual method for 
effecting density change is to heat. This may drive off water or otherwise 
increase the specific gravity of one of the constituents, e.g., limonite, or it may 
render one of the minerals porous and thus decrease specific gravity, ¢.g., 
pyrite. Another method is to coat the ore constituents, to a substantially 
like degree, with a substance, usually liquid, that is lighter than any of the 
constituents, thus rendering the lighter more easily floated while the heavier 
is affected less'in proportion. The ideal condition would be to coat the light 
mineral preferentially. 


Moxham (1,151,117/1915). Sulphuric and phosphoric acids are named as coating liquids 
and arsenic bromide, antimony bromide, bromoform, and tungsten solutions as separating 
mediums. (1,203,897/1916.) Caleining silicious iron ores in a neutral atmosphere to 
prevent reduction of the iron-bearing compound, since the reduced portion will react with 
bromides of antimony, tin or acetylene. (Sp. gr. of antimony bromide is given as 3.65 at 
94° C.; tin bromide, 3.30 at 28° C.; acetylene bromide, 2.98 at ordinary temperatures.) 

(1,294,519/1919.) Coating with a cheap liquid such as manganese bromide, zine bromide 
or phosphoric acid before separating in an expensive liquid like arsenious bromide. 


MISCELLANOUS SINK-AND-FLOAT PROCESSES 


Separation of wad (1,277,144; 1,277,145/1918). Feed the pulverized ore to the center 
of a circular conical tank with a stirring apparatus that produces upward and outward 


currents. The porous manganese dioxide is floated over the periphery and the heavier 
material sinks. 


Separation of metalliferous ores (386,504/1888). Use a liquid insoluble in and heavier 
than water but lighter than the rocky gangue of an ore, e.g., carbon bisulphide, chloroform 


and oil of cloves on which, when submerged in water, the gangue minerals will float and 
in which “ metals ”’ will sink. 

The principle involved here is not simple gravity settlement but a surface-tension 
phenomenon superimposed thereon, the effective forces causing flotation of the gangue 


being gravity of the liquid and resistance of the rocky material to wetting by the organic 
liquid, 


STREAMING WASHERS 


General. These washers are controlled applications of the typical phe- 
nomena of water flow on the earth’s surface. The principles underlying these 
phenomena are: (a) The scouring or suspending action of a flowing stream on 
solid particles is in inverse relation to their weight, hence a stream of a given 
velocity will take light-weight particles of a given size in suspension and leave 
behind heavy particles of the same size. (b) The effect of a stream flowing 
down an inclined surface in moving particles not suspended along that surface 
is dependent upon the velocity of the stream. Velocity is least at the bottom 
and greatest at the top, hence the larger particles are acted upon most vig- 
orously and, if they are just moved, the smaller unsuspended particles will not 
be moved. The resistance of the smaller particles to motica is enormously 
increased by roughness of the supporting surface, especially when the surface 
inequalities are the same size as the particles or larger. (c) In a mixture of 
particles of different sizes, sufficiently agitated to be semi-fluid, the smaller 
particles will work down through the interstices of the larger. 
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8. Pan 


Description. The gold pan (Fig. 13) is used for prospecting gold-bearing 
detritus, for small-scale working of rich placer deposits, and for testing work in 
connection with gravity concentration. It is made of stiff sheet iron with the 
rim turned around a heavy iron wire for stiffness. Enameled-iron pans have 
the advantage of not rusting, but chip easily. Amalgamated-copper pans 
have been used for cleaning up black-sand concentrate. The usual size is 
15 to 18 in. diameter at the top, 2 to 214 in. deep, with the side inclined 30° 
to 80° to the bottom. Wilson recommends a 10-in. pan for prospecting. The 
weight is 1.5 to 2 lb. The inner surface should be smooth, and be kept free 
from grease and rust. A pan will save particles varying considerably in size, 
but for best work the heavy particles should average smaller than the lighter 
waste. 

Manipulation. See Sec. 22, Art. 9. 

When panning gold gravel as a concentrating as opposed to a testing operation, if there 
is much heavy sand present, it is best not to attempt complete separation with each pan, 
but to collect and later work up together the concentrate from many pans. In such work 
black sand (magnetite) may be removed (best dry) with a magnet and the gold, if amal- 
gamable, may be collected with mercury, although this is not commonly done. Otherwise 
careful panning or blowing is necessary to make the final separation. In prospecting work 
when it is necessary to collect the gold from each pan separately, the quickest method of 
collection is to draw the colors into a head and then pick them out separately with a sharp- 


pointed metal or wooden tool. When there is a quantity of gold in the heavy sand, sizing 
in a series from 20- to 90-mesh before attempting final separation is helpful (20 IMM 197). 


NNN 


Fig. 13.—Gold pan. Fic. 14.—Batea. 


Capacity. The charge for a pan 16 to 18 in. diameter is from 15 to 30 lb. of ordinary 
gold gravel. Such material averages about 135 lb. per cu. ft; hence 243 @ 15-lb. pan 
loads = 1 cu. yd. A skillful worker can pan 100 charges in 10 hr,; gravel containing many 
boulders works more rapidly and fine or cemented gravel at about 75 per cent. of the rate 
stated. 

Batea (Fig. 14) is an equivalent of the pan, used in Central and South America and in 
certain Asiatic countries. It is usually made of wood, less frequently of sheet iron. It is 
claimed that the wooden surface is superior to iron for catching and holding fine gcld. 
Bowie states that Honduras mahogany is the best wood. The usual size for prospecting 
work is from 15 to 20 in. diameter with an angle of 150 to 155° at the apex of the cone, 
making the depth at the center from 1% to 244 in. Bateas 30 to 36 in. diameter are used 
in diamond washing in Brazil and in washing tin gravels in the Dutch Hast Indies, 


9. Rocker 


Rocker (Fig. 15) is used in the same kind of service as the pan, but has some- 
what greater capacity. Rockers are of many designs and sizes but all consist 
essentially of a screen box (a) for rejecting coarse pebbles, an inclined apron 
(b) serving the double purpose of transporting undersize to the head of the 
rocker trough and of catching gold, and an inclined riffled trough (c) with 
flaring sides; all mounted on two rockers (d). The screen box may be pro- 
vided with a handle (¢) which serves both as an aid in lifting out and a grip for 
the operator in rocking, or the rocking stick may be longer and attached to 
the side of the trough near the head end. The scremn Box ranges from about 
12 X 12 in. in small prospecting rockers to 20 X 24 in. in large working 
rockers. It is sometimes made with a low side at the head end and the bottom 
inclined slightly toward the low side, in order to effect continuous discharge of 
oversize. The screen is occasionally a grizzly, but better perforated steel 
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plate, 10- to 18-gage, according to the service. The screen aperture depends 
to some extent on the character of the gravel; it varies between 4- and 34-in., 
normally is about 1%4-in. Percentage of opening should be as great as pos- 
sible. The apron is normally made of canvas tacked onto the frame in such 
a way as to leave a slight belly. Rubber sheeting backed with canvas (93 J 
1266; Peele 756) and galvanized iron have been used. The slope of the 
apron is from 1.5 in per ft. upwards. The Troues proper is usually between 
12 and 18 in. wide at the bottom and 3 to 6 ft. long, with slightly flaring sides 
from 1 to 2 ft. high at the deepest part. The bottom piece should be clear, 
soft lumber that will not shred or “rough-up”? when wet under the action 
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Bed piece 
Fig. 15.—Rocker. 


of the gravel. The slope of the trough ranges from 0.5 to 1.5 in. per ft. 
RIFFLE CLEATS of wood 4% X -in. to 1 X 1-in. are placed on the bottom of 
the trough and held down by strips nailed to the sides. The arrangement 
varies. Usually all are transverse but occasionally the upper half of the 
trough is riffled longitudinally. Canvas or blanket is sometimes used to 
cover the bottom and either may be covered with riffles made of expanded- 
metal lath. The Tat, piece at the lower end of the trough is usually be- 
tween 34 and 134 in. high at the center and from 1 to 3 in. higher at edges. 
It serves to hold a bed in the trough. The rockprs should have no more 
curve than is necessary to effect distinct agitation of the material in the 
machine; more makes the labor of rocking unduly fatiguing without any 
corresponding gain in concentrating efficiency. Dressed 1-in. lumber is heavy 
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enough. The joints should be tight. Warping may be prevented by light 
tie rods and the use of light-weight metal corner straps. 


Manipulation. Material is shoveled into the screen hopper and washed by means of 
water poured in from a dipper. At the same time it is forked over and disintegrated and 
coarse clean boulders are thrown out. More water is then added slowly and the machine 
is rocked in such a way as to cause material to progress along the floor of the trough, to 
loosen the bed at each stroke, and to maintain even transverse distribution of the solids. 
Wilson states that one swing should be sharper than the other, to effect stratification, or 
even that a bumping block may be used, but either procedure will cause heaping of solids 
and concentrate at one side of the trough with consequent difficulty in manipulation and 
loss of values. When the deposit of gold has worked down to near the tail piece, or sooner 
if the exigencies of the operation demand, a clean-up is made. The material behind the 
tail piece is shoveled out, the screen is then carefully washed and removed, the apron lifted 
out, and the contents washed carefully into a pan for re-concentration. The rifles are 
taken out and carefully washed and the deposit in the trough is then washed on the plane 
bottom by streaming as described in Art. 11. Final clean-up is usually made in a pan. 

The longitudinal progress of tailing depends upon slope, shake and wash water. Slope 
should be adjusted so that satisfactory longitudinal progress is effected with minimum 
consumption of water and energy and so that sand does not pack behind the tailboard 
and in the rifles. Slope must be steeper for a gravel containing much fine sand than 
for one of more pebbly character, likewise if much heavy sand (black sand) is present 
a steeper slope is necessary than otherwise. If gold is fine, the bed must be loose, hence a 
relatively steep slope is required. 

Capacity varies with size. Purington (Bul. 263, USGS) gives 3 to 5 cu. yd. per 10-hr. 
day for 2 men working steadily, one feeding and removing boulders and tailing, the other 
rocking and washing. Van Wagenen gives 3 cu. yd. per 10 hr. per man in ordinary graye 
and 2 cu. yd. in cemented gravel. Capacity is less in prospecting work on account of 
more frequent clean-ups. . 

Water consumption varies widely, but from 50 to 100 gal. per cu. yd. treated is sufficient 
if the gravel is not too fine, slope sufficient, and water is used sparingly. 

Applicability. A rocker catches coarse gold readily but will lose much fine gold. 
The loss will be greater with clayey or cemented gravel or if muddy water is used. In 
some cases quicksilver placed in the riffles will aid in catching fine gold, but since the loss 
occurs rather through failure to effect settlement of the gold than by washing it out of the 
riffles, this expedient is rarely successful. The rocker is rarely used except in sampling when 
a device of greater capacity than the pan is needed, and in cleaning up concentrate from 
sluices and gold tables. 

North Carolina rocker consists of a semi-cylindrical trough, closed at both ends, with 
two longitudinal riffle cleats near the bottom. The charge with water is first rocked gently 
to effect stratification, then the apparatus is rocked differentially in such a way as to throw 
waste over the rim and leave the gold and heavy sands between the riffle cleats. Clean-up 
is made in a-pan. 

Mechanical rocker (116 J 334) driven by crank from a water wheel has been used to 
treat ordinary gravel at the rate of 5 cu. yd. per 8 hr. The trough was 14 in. X 12 ft.; the 
screen hopper sloped in the opposite direction from the trough and discharged oversize of 


a 0.5-in. screen automatically over a trifle. 


10. Long tom 


Description. ‘The long tom (Fig. 16) has greater capacity than a rocker 
but requires more water. It consists of a sloping trough about 12 ft. long, 
15 to 20 in. wide at the upper end, flaring to 24 
or 30 in. at the lower end, with sides 8 to 12 in. 
high. A perforated plate with 34- or )4-in. Whe 
holes, set level or slightly inclined is fitted at : 
the lower end. The usual slope of the trough ¢€% 
is 1 in. per ft. A wider and usually shorter 
trough with transversely riffled bottom, set on 
a flatter slope, follows the first and receives the 
undersize from the screen. 


Gravel is shoveled into the upper trough and water is led in by a flume 
The operator works the grayel over thoroughly, forks out the boulders 


Iie. 16.—Long tom (after 
Bowie). 


Manipulation. 
at the head end. 
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and works fine material through the screen. Coarse gold settles in the upper box and fine 
gold is caught behind the riffles in the lower trough. Wilson recommends that the slope 
of the riffled box should be so flat that fine mud will collect therein, thus insuring that fine 
gold is not scoured out, but this will result in sanding behind the riffle cleats to such an 
extent that their protective function for fine gold is defeated and the bottom will become 
merely a transversely undulating sandy surface. 

Capacity varies with the kind of gravel and size of screen perforations and is limited 
by what a man can work through the sereen. Wilson states it to be 6 cu. yd. of ordinary 
light gravel or 3 to 4 cu. yd. of cemented gravel per 10 hr. with 2 men working, one shov- 
eling in and taking care of tailing and the other working the upper box. Van Wagenen 
gives 5 to 6 cu. yds. of ordinary gravel or 3 to 5 cu. yd. of cemented gravel per man per 
10 hr., but this is undoubtedly too high. 

Applicability. The long tom uses less water than a sluice (Art. 11) but at the expense 
of more labor. It saves a given amount of gold in a shorter linear distance. It has, there- 
fore, been used in small-scale placer work where water and lumber were scarce, and has 
also been rather widely used on dredges for cleaning up black-sand concentrate. (116 
P 826, 113 J 261.) 


11. Sluice 


Description. A sluice (Fig. 17) is a long, relatively narrow and deep 
inclined trough, usually with riffled bottora, through which gravelly material 
containing a small percentage of lenath pean 
heavy valuable mineral is trans- Wied es a rib Our Oo 
ported by water, with the resuls NG ( 
that the heavy material ‘settles 
in the riffles and is held while 
the light is washed out at the 
lower end. Sluices have been Sd 


used extensively in washing gold- Folded canvas to phage 
bearing gravels in all parts of 4 of lege = 
the world; much less extensively 
in working tin (cassiterite) 
placers, and occasionally for 4=1%'diam. 
other service such as the recov- eee 
ery of metallic copper and brass : se 
from foundry refuse and the like. “on one sie, Colars are-of roagh Gas too nor ben 
The size and elaborateness Section showing detaiis of collar 
depend on the scale of work. 
Sluices for prospecting and 
small-scale mining work are usually 12 in. wide and deep, made in 12-ft 
sections, usually with sufficient flare to allow about 2 in. telescope in 
joining them together in strings. Some operators prefer butt joints with 
cover strips, on the ground that they cause less clogging than telescope joints. 
One-inch lumber is usually employed for sides and bottoms of small sluices 
and 2 X 3-in. or 2 X 4-in. scantlings for bracing (see Fig. 17). Such boxes 
will generally serve for a season (4 to 6 months), rarely for more than a year 
of continuous service. Sluices intended for permanent use are made with 1.5- 
to 3-in. bottom boards and bottom side boards and with 1- to 3-in. upper side 
boards; usually in 12-ft. lengths, the transverse dimensions depending upon 
the amount of solid and water to be transported, the slope or grade, and the 
character of the heavy mineral and gravel. e : 


2 " u” 
collar 
brace 


Wedge to 
| J tighten box 


Fig. 17.—Sluice box. 


Water-carrying capacity. Bowie gives the following data: i i i 
deep on 4 to 5 per cent. grade will run 3000 to 5250 cu. ft. of tee ba ot tive tid Tie 
30 in. deep, 1200 to 2250 cu. ft. per min. on a 2.1 per cent. grade and 3000 cu ft per min 
on a 4 per cent. grade; 3 ft. wide, 30 in. deep, 900 to 1500 cu. ft. per min. on 4 5 per went. 
grade. Assuming the wetted depth to be 50 per cent. of the total depth, which is usual, 
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these figures correspond to average water velocities in the sluice of from 4 to 10 ft. per sec. 

Van Wagenen states that the moving power of water in sluices varies with the velocity as 
follows: 16 ft. per min. begins to wear away fine clay, 30 ft. per min. just lifts fine sand, 
39 ft. per min. lifts sand grains up to Ye-in. diameter, 45 ft. per min. moves fine gravel, 120 
ft. per min. moves l-in. pebbles, 200 ft. per min. moves 2- to 3-in. pebbles, 320 ft. per min. 
moves boulders 3- to 4-in. in size, 400 ft. per min. boulders 6- to 8-in., 600 ft. per min., boulders 
/ 12- to 18-in. In all cases the depth of water must be sufficient to cover the largest particle 
_ tobe moved, The bottom width should be 1.75 to 2.25 times the wetted depth for maxi- 
|. mum water-carrying capacity. 

The sluice boxes should be made thoroughly water-tight. The lumber 
should, therefore, be surfaced and sized, free from knots and cracks, but it 
need not necessarily be tongued and grooved. Sills and posts for large sluices 
| are made of 4 X 6-in. or 6 X 6-in. lumber and spaced about 3 to 4 ft. apart. 
| On every second or third set the posts should be braced to the sill with 1 X 6- 
| in. or 1 X 8-in. angle braces and the sill should be about twice as long as the 
| sluice width to give proper slope to the braces. The bottom and sides should 
be spiked to the sills and posts with 30d and 20d spikes respectively, spaced 
about 4in. (Bowie.) 


A large sluice used at La GraNGr mine in California is shownin Fig. 18F. The sides, 
bottom and side liners are 3-in. plank. Rail rifiles, set longitudinally in the head end of the 
sluice and transversely below, are used. 


Sides of sluice box shown by broken lines) 
2k 2"Headpoce Peeled spruce,2"to8'diam. Current bid 
9° 


i ————s 9 ——— = Sy BAAAAAA AMA Ala E 

ie 6’—--—-—->§ Nails to hold Section through rifles il 

ie Pole riffle. rifflesinplace i 

| By A, Sidek piece | | | / Th] 

‘anor fore, ey : 

8 sana eat CCE 

} eh ved wenenns ADELE 

je oO ane ; esas Z All 

( Shedwithgron ane ----6'long--=- Wena 
i bai ge RAPS) 
Hungarian riffle, wood, Quarter round riffle. \, Nicszaed) 

B. f: bl 


4 
1. ek 1 1} 
i aS | a 1; ND AA 48) 


+ 
it 
q 


MPO RTI, 
Rock riffle. Steel-rail riffle. Hungarian adh wood, iron-shod. 
3 Fi . 


Fic. 18.—Riffles. 


AUSTRALIAN PRACTICE differs (17 MM 16). Boxes for gold gravel are made 4 to 8 ft, 
wide, 12 to 15 in. deep, and 60 to 100 ft. long, in 12-ft. sections and are bolted together 
with flush joints and outside cover plates. Boxes for tin gravels are 10 ft. wide, 18 in. deep 
and 120 to 200 ft. long. 

Riffles are placed in sluices to catch and hold concentrate and, to a minor 
extent, to disintegrate the gravel. They perform the first function by rough- 
ening the bottom surface of the sluice, thus decreasing the velocity of the lower 


644 WASHING Sec. 8. 
ke 


layer of water and permitting concentrate to settle readily. The interstices 
furnish protection to the settled material from the horizontal transporting 
effect of the stream. A secondary desideratum is a boiling action in the bed 
of settled material in the riffles, as a result of which the lighter material will 
be lifted out while the heavy particles remain. Disintegration is effected by 
tumbling of the solid as opposed to sliding. 


Pole riffles (Fig. 184A) are probably the most common form for small sluices, when a 
maximum amount of material is to be moved with a minimum amount of water, gold is 
coarse and loss of a small amount of fine gold is relatively unimportant. They are made of 
2- to 3-in. peeled poles or 3 X 3-in. squared strips spaced 114 to 3 in. in the clear and made up 
in 6-ft. units by transverse straps nailed on at both ends. Pole riffles wear quickly but 
are inexpensive. Squared riffles are often protected by angle iron. The end straps are cut 
to fit snugly across the sluice box and are held in place by nails driven into the ends through 
the sides of the sluice. A somewhat similar riffle, made of 1.5 X 6-in. plank set on edge 
longitudinally, spaced by 1.5-in. blocks, and shod on the upper edge with an iron bar 1 in. X 
1.5 in., is described by Bowie. Hutchins (Bul. 268 USGS 200) describes a pole riffle with 
2X 2 X VYeo-in. pieces of sheet iron driven into the poles cornerwise, long axis parallel to the 
poles, for use in disintegrating clayey material. 

Rail riffles (Fig. 18F) are used in large sluices where resistance to wear is an important 
factor. They may be set lengthwise, in which case their action is similar to that of pole 
riffes; or they may be set transversely. Longitudinal-rail riffles are made up in 6-ft. 
lengths and the width of the sluice box. They) are set bottom-side up and held together 
by special locking devices as shown. Bouery (95 J 1055) found that the life of rails set 
transversely was greater than with longitudinal setting, that between 4 and 6 in. center to 
center was the best spacing for transverse setting, considering both duty of water and 
gold saving; and that with longitudinal setting wear was more rapid with 8-in. spacing than 
with 5-in. He also found that when rails were set directly on the bottom of the sluice the 
gold-saving capacity was insufficient and therefore devised and used the combination 
riffing shown in Fig. 18/’, in which the principal function of the rails is to protect the 
wooden riffles from wear and to increase the transporting duty of the water. 45-lb. rail 
riffles set longitudinally handled about 32,000,000 cu. yd. of water and 2,500,000 cu. yd. 
of gravel before replacement was necessary; the same weight rails set transversely handled 
50 per cent. more material, with spacing in both cases 5 in. center to center. 

Block riffles (Fig. 18D) are the commonest form in all large sluice lines. The blocks are 
usually about 8 to 13 in. long, either squared or round, 6 to 20 in. in diameter or on an edge. 
They are nailed to 1- or 1.25- X 2- or 3-in. cross strips before being put in place and these 
strips are nailed through the sides of the sluice. Holding-down strips nailed to the inner 
sides of the sluice are also used. Squared riffle blocks are usually spaced about 1 in. from 
face to face transversely (thereby differing from the figure) and the nailing strips produce 
a spacing of about 1 in. longitudinally. Longitudinal joints are preferably staggered in 
adjacent transverse rows. Round blocks are fitted as closely together as possible when 
fastening them to the nailing strip. 

Block riffles produce a large amount of drag; they offer good protection to settled 
material and cause sufficient boiling to remove a considerable amount of sand from the 
concentrate. Their disintegrating effect is low, but, in compensation, they interfere but 
little with transport. Bowie advises the use of block riffles in the head boxes at all times. 
Their ADVANTAGES are: cheapness, efficiency in gold saving, ease of removal and clean-up; 
their DISADVANTAGE is rapid wear. At La Granax, when handling 1000 cu. yd. of gravel 
per hr. in a 6-ft. sluice, the life of pine blocks was only 17 days (95 J 1056). Bowie states 
that nut- or pitch-pine or a wood that is long-grained and ‘‘brooms”’ readily is best and 
deprecates the use of oak or other hardwoods that wear smooth. Round blocks are more 
difficult to set than squared but may cost sufficiently less to be economical. Welton (20 
IMM 172) criticizes block riffles on the ground that gold does not readily settle in them and 
that they absorb gold values. The first criticism is not in line with general experience. 
There is, undoubtedly, some catching of gold in interstices in the blocks themselves and old 
blocks should be and commonly are burned and the ashes panned. 

Rock or stone riffles (Fig. 182) are made by packing the bottom of the sluice with selected 
rocks, usually flattened, set on edge, inclined slightly with the run of the material and with 
the longer dimension transverse. They are prevented from shifting longitudinally by trans- 
verse poles nailed in at intervals. No devices for holding down are ordinarily necessary 
but with large quantities of coarse gravel they may become displaced. Rock riffles wear 
longer than block riffles and are more effective in breaking up cemented gravel but they 
are more expensive to set and to clean up. They also require more water and greater slope 
haha aan ee _ AS es Welton says that under conditions requiring 

-O In. . h es will require 0.75 in. per ft. They are com- 
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monly used in California for a short distance at the head of the sluice line and also in the 
tail sluices following block riffles, where their principal function is as a chute liner and clean- 
ups are infrequent. 

Rock for rifles should be hard and uniform in size and hardness. Quartz is probably the 
best material, if locally available. As between block and stone rifles, Welton states that 
the former will collect three times as much gold in a given length. He ascribes this to the 
fact that with the rocks there is no continuous bar formed across the sluice and that the gold, 
therefore, works along more readily and for longer distances. 

Hungarian riffle. This name is used by different writers to denote different forms of 
rifles. Probably the nearest to a common characteristic in all riffles so named is an 
overhang on the down-stream side. Fig. 18/ shows one form so made that the overhanging 
strap slopes upward slightly on the down-stream side. Itis frequently claimed for this 
type of riffle that it is good for disintegrating gravel, but Perrett (122 P 417) rightly remarks 
that a sluice is not an efficient gravel disintegrator and that the use of obstructive riffles 
to effect disintegration results in undue loss of capacity. Riffles formed by gouging or 
boring out pockets in plank (rrr RirFLws) are also called Hungarian riffles (Wilson) as are 
also transverse square riffles without overhang. (Vig. 18B, 100 J 995.) Pir rirrLes are 
used with mercury in the treatment of fine material. They are not suitable for coarse 
material on account of the fact that mercury and amalgam are splashed out of the depres- 


sions by impact of the large stones. 
Miscellaneous riffles. A large number of other riffle forms have been used. Expanded 


metal over cocoa matting is common on dredge tables. 

Moline (17 MM 16) describes several riffles used in Australian gold practice. A so-called 
Venetian riffle is used in certain parts of Russia (16 WM 148). The natural surface of bed 
rock or a bed-rock surface crudely riffled by cutting transverse gutters forms the first gold- 
catching surface in some hydraulic mines. The grade must be much greater (Wilson 
says twice) than that of a wooden sluice for the same material. Hutchins (105 J 861) 
describes the use of a riffle in a Siberian sluice, consisting of perforated plate with 34-in. 
apertures, set 3 in. up from the bottom. 

Blankets, corduroy, hides with the hair up, canvas, velvet, carpet, cocoa matting, and 
sod have all been used as gold-catching surfaces. For such surfaces the feed should not be 


coarser than 1- to 2-mm, 


Comparison of riffles. It is impossible to classify riffles in other than 
most general terms with respect to their ability to perform their various func- 
tions. Riffles presenting a uniformly roughened upper surface of relatively 
fine texture have maximum retarding effect on the lower layer, but do not 
roughen the water surface, and roughening is desirable for catching fine gold. 
Transverse riffles forming a complete bar across the bottom of the sluice 
afford maximum protection to settled material and also cause considerable 
boiling, which enriches concentrate, but they obstruct the passage of gravel 
and consequently lower capacity. Longitudinal riffles cause the least drag 
on the lower layers of the stream and offer the least obstruction to the passage 
of gravel; they also offer minimum protection to settled material and are more 
subject to scouring action. The life of different types and the ease of removal 
and replacement are important considerations. In many cases the avail- 
ability of a given riffle material or the prejudice of the operator is the decid- 
ing factor. 

Slope of the sluice line depends on the character of the gravel, character 
of the gold, kind of riffles and quantity of water available. Flat and shingly 
gravel requires more slope than rounded gravel; coarse gravel requires greater 
slope than fine. Very fine gold may be carried in suspension in the water if 
the slope is steep and the velocity correspondingly high, especially if there is 
much clay or mud; on the other hand, moderately fine gold is best caught in 
“rough” water and this condition is obtained by steep slope. Obstructive 
and transverse riffles used for disintegrating clayey and cemented gravels 
require steeper slope than longitudinal or block riffles. Restricted water 
quantity demands steep slope, if the maximum quantity of gravel is to be 
handled. With a given amount of water narrow sluices require, of course, 
less slope than wide. Asa general operating rule, the slope should be such that 
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the water used will transport the rocky material and prevent sand from pack- 
ing in the riffles, but should not exceed this. 

Bowie states that 6 to 6.5 in. per 12-ft. box is usual; 9 in. to 12 in. when much clay is 
present. Rounded gravel containing considerable clay or soil may be moved on a slope 
of about 2 in. per 12 ft. but it is better to have as much as 6.5 in. per 12 ft. to increase 
capacity and lessen the labor required for handling large boulders. Coarse gravel needs 
from 6 to 10 in. per 12 ft. and considerably more water than fine gravel. Van Wagenen’s 
rule for slope for handling average gravel is: = V2P/2A where F = fall in ft. per mile, 
V = velocity in ft per sec., P = wetted perimeter in ft. and A = area of stream in sq. ft. 
Wilson gives Chezy’s formula for the velocity V in ft. per sec., necessary to transport bould- 
ers of average diameter a in ft. and specific gravity g as V = 5.67+/ag. 

Perrett (122 P 417) states that the shingly Siberian gravel, when unscreened, requires 
a slope of 18 in. per 12-ft. box. Sluices for treating tin gravels are usually set on flatter 
slopes, ranging from 4.5 to 6 in. per ft. 


Length depends principally upon the character of the gold, less upon the 
dimensions and slope of the sluice and the kind of riffles. Coarse and granular 
gold settles quickly and is easily held in the riffles, fine and porous gold is 
carried long distances by the current. 

The minimum length for relatively deep, narrow sluices is 500 to 600 ft.; the sluice line 


at some mines is several thousand feet long, but this great length is as often for transport 
of tailing to a suitable dumping ground as for saving fine gold. 


Drops up to 12 in. in height in the line of boxes are of use in breaking 
up cemented and clayey gravel and in causing gold to settle in the riffles. 

Curves lessen the velocity of the stream and cause deposition of solid mat- 
ter with resultant clogging of the sluice. 

Wilson recommends elevation of the outer edge 1 in. for every degree of curvature 
and an increase in slope. for a short distance (2 or 3 box lengths) below the curve. 


Mud box or dump box (Fig. 19) is frequently used at the head of a sluice 
line when material is fed in batches, as by horse scraper, drag-line or derrick 


Elevation 


Fie. 19.—Mud box. 


bucket or the like, and contains much clayey or cementing material, or when 
water is scarce. In it the material is worked over and disintegrated by means 
of a coarse-tined rake or fork and large boulders are removed. It may be 
riffled or not. If so, rock riffles are usual. The slope is steeper than in the 
main string, usually about 1 in. per ft. Much coarse gold is caught here and 
clean-ups should be frequent. 

Undercurrent is a device used in connection with sluice lines to catch 
fine gold from the finer material fed to the sluice. In order to treat the mater- 
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ial in a thin film and thus get the turbulent current and small settling dis- 
tance necessary for catching fine gold, the undercurrent is made wide; it must 


__ be made correspondingly steep in order that the water may have sufficient 


velocity to move the gravel. A perforated screen or a grizzly usually with 
%-1n. to 1-in. openings is set with its upper surface about 1 in. below the top 
of the riffles in the main sluice. The area and aperture of the grizzly must be 
such that the main sluice is not robbed of so much water that it will not carry 
the coarse tailing. Undersize is led off ina converging launder, with suitable 
distributing devices to spread the feed evenly across the width of the under- 
current. The latter is proportioned to the size of main sluice and the quan- 
tity of gravel carried. 


The wine is usually 5 to 20 times that of main sluice and the length varies from 20 
to 50 ft. Welton (loc. cit.) recommends an undercurrent 20 ft. wide and 30 ft. long for a 
4- to 5-ft. sluice. He also recommends dividing such an undercurrent by longitudinal 
walls into four sections, thus allowing three to be run while one is being cleaned upand re- 
blocked. This is a good arrangement, since the undercurrent must usually be cleaned 
up more frequently than the main sluice. The usuau size of undercurrent in Alaska for 
a 12-in. sluice line handling 400 to 500 cu. yd. per day is 20 ft. square. The sLopr is usually 
about twice that of the main sluice; Bowie recommends 12 in. per 12-ft. box for longitudinal 
plank or pole riffles, 14 in. for blocks and 16 in. for stones. RuirruEs are placed both in 
the distributing launder and the undercurrent proper. They are of any of the varieties 
described. A common arrangement is to have blocks in the upper half and rocks below 
or longitudinal poles above and transverse poles below. TarLiNne is usually led back into 
the main sluice. The RETURN SLUICE should enter the main sluice at an acute angle and 
with little or no drop, in order not to interfere with the flow in the main sluice. 

Recovery in undercurrents varies according to the character of the gold and the sluice 
treatment preceding. Welton says that an undercurrent following 500 ft. of sluice should 
make 10 to 15 per cent. of the total combined recovery. It frequently runs as low as 2 
per cent. 


Tables are short, wide sluices, usually set on a relatively steep slope, taking 
a finer feed than the ordinary sluice and usually operated with some mercury 
in the rifles. Their principal use is on gold dredges (see Sec. 2, Art. 19). 


Hutchins (105 J 861) describes a table installation in Siberia where material through 
a l-in. screen was treated on tables 10 ft. wide by 30 ft. long set on a slope of 2.25 in. per 
ft., the tailing after passing through a 0.5-in. screen passed over a similar set of tables 
on 2-in.-per-ft. slope, and this tailing after screening through a 14-in. screen was sent 
over a similar set of tables on 1.5-in.-per-ft. slope. There were a few riffles on these tables, 
but sand packed behind the riffles and spoiled their usefulness. Very little gold was caught, 
most of it being caught in the sluice preceding the tables. It will be noted that this is an 
undercurrent installation. 

Perrett (122 P 417) argues for tables as opposed to the ordinary sluice on the score of 
compactness, low water consumption and high gold saving. He cites a Russian plant with 
tables 38 ft. long on which 97.56 per cent. of the total recovery made was made on the 
first 10 ft., 1.95 per cent. on the following 14 ft. and 0.49 per cent. on the last 14 ft. The 
loss was 0.6 grain per cu. yd. ° 


Water consumption is extremely variable. 


Hutchins (105 J 861) states that ordinary cemented gravel from CALIFORNIA DRIFT 
MINES requires from 7 to 13 cu. ft. of water per cu. ft. of gravel and hard cemented gravel 
requires from 20 to 27 cu. ft. on the average. Bowie’s figure for Nortu BLOOMFIELD, 
treating mostly top gravel in 6-ft. sluices with block and rock rifles on a slope of 0.54-in, 
per ft., is 18 cu. ft. of water per cu. ft. of gravel and at La Granex, in a 4-ft. sluice with 
block riffles on a slope of 0.25 in. per ft., 56 cu. ft. Purington (Bul. 263 USGS 142) gives 
40 cu. ft. of water per cu. ft. of gravel with block riffling on 0.33 in. per ft. slope under most 
favorable conditions in SOUTH-EAST ALASKA. In the Aruin pisTrRicr, B. C., with pole rif- 
fles on a slope of 0.67 in. per ft., 20 cu. ft. of water per cu. ft. of gravel was used. At the 
Bowlder Creek mines of Socimrm Minrpre Dr LA CoLtomBre BriTanniqueE a 24-in. sluice 
on a slope of 0.5 in. per ft., with block and rail riffles, required 80 cu. ft. of water per cu. ft. 
of gravel, of which 50 per cent. was boulders 18 to 30 in. diameter. A KLONDIKE bench- 
gravel sluice, 24 in. wide on a 1-in.-per-ft. slope, with block riffles, required 20 cu. ft. of 
water per cu. ft. of gravel. 12-in, sluices in AuasKa in shoveling-in work require 45 to 90 
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cu. ft. of water per min. Hutchins gives 80 cu. ft. of water per cu. ft. of gravel as an exam- 
ple of inefficient washing of clayey gravel in S1ppria. Consumption on New ZEALAND 
GOLD DREDGES is given (16 MM 81) as 75 cu. ft., while on tin dredges about 20 cu. ft. is 
provided. Perrett (122 P 417) says that not over 33 to 40 per cent. of the amount of gravel 
can be washed in a sluice with a given amount of water that can be washed in a plant 
equipped for removal of oversize, with subsequent treatment on gold tables. 


Operation consists in keeping gravel running through the sluice, under- 
current or table, until the riffles are so filled with concentrate that an excessive 
amount is going into the tailing, then cleaning up. The time between clean- 
ups depends upon the sluice and the character and quantity of gravel treated. 
Usually the head sluices are cleaned up at approximately regular intervals of 
one to four weeks, as dictated by experience, while the tail sluices are cleaned 
only once or twice per season and are depended upon to catch any gold that 
passes the head sluices by reason of too great an interval between clean-ups. 


Cleaning up. The supply of gravel is stopped and clear water run until the tops of 
the riffles are clear of gravel. The rifles are then lifted out, beginning at the lower end of 
the first length of, say, 100 ft. of boxes, and washed carefully into the sluice. After all the 
rifles in a given section have been removed, a light flow of water, just sufficient to move 
the material slowly, is turned on and the concentrate is carefully and slowly turned over by 
means of wooden paddles 3 or 4 in. wide pushed upstream along the bottom. Rocks are 
thrown out by hand. Welton (20 IMM 172) describes a special clean-up shovel made of 
light sheet steel with flat bottom, sides turned up 1 in. and back sloping at 45° to the bottom. 
The shoveler faces down-stream to pick up a load and turns around and holds the shovel in 
the stream, when light material is washed over the back leaving rich concentrate on the 
shovel. As material works down-stream, a head of enriched material is left behind. This is 
carefully collected and further concentrated in a pan or rocker, with or without mercury, as 
circumstances dictate, or it may be brushed against a flat stone in the sluice, which serves as a 
planilla (Art. 13). (When the gold is amalgamated, iron or granite pails, not galvanized or 
tinned, should be used for collecting concentrate.) The next lower section is next treated 
in the same way, or, in some cases, concentrate from the lower sections is carried in pails to 
the head of the first section and there cleaned. Finally gold is collected from crevices by 
means of a pointed amalgamated-copper spoon. Considerable gold may get so far into 
crevices that it cannot be collected in this way. Such gold is recovered, when the sluice is 
worn out or the working is abandoned, by burning the sluices and panning the ashes. Ellis 
(100 J 998) states that some Alaskan boxes on burning have yielded as much as an ounce of 
gold. 

The time required to clean up and re-block 100 ft. of 4-ft. sluice is about 4 hr. (20 IMM 
208). 

Heavy sand concentrate that banks up before the riffle at the lower end of the section 
being cleaned is collected separately and further concentrated in rocker or pan, or it may be 
solid or treated with mercury and cyanide in a tumbling barrel. 


Distribution of gold in sluice. The bulk of the gold content of gravels 
settles to the bottom of the sluice with great rapidity and resists transportation 
with extraordinary tenacity. 


Wright (Gold Fields and Mineral Districts of Victoria, R. B. Smyth) says that in a 12-in. 
sluice sloped 1 in 48, using 600 gal. per min., 95 per cent. of the gold was found within 3 ft. 
of the feed point, lying on a smooth board. Bowie states that at Norra BLoomrigeLp 92 
per cent. of the total yield was made in the first 1800 ft. of sluice, 3.75 per cent. in 6200 {t. 
of bed-rock sluice following, 2.5 per cent. in undercurrents. He gives considerable detailed 
data of similar import. Purington (Bul. 263 USGS 142) gives the following data: South 
Coast region of AtasKa, gold bright and rough though fine, mercury used in boxes, 75 per 
cent. saved in the first 600 ft. McKnm Cronk, Atlin, B. C., slope 0.67 in. per ft., block rif- 
fles, gold coarse, 85 per cent. saved in first box, all that it pays to clean up saved in the first 
five boxes (60 ft.). At another mine in the district no gold is caught beyond the first 250 ft. 
of boxes. Exporapo County, Cauirornta, slope 1.1 in. per ft., car-wheel riffles, mercury 
in the boxes; 75 per cent. of the total recovery was made in the first foot, 8.4 per cent. in 
the next 10 ft., 9.6 per cent. in the next 50 ft., and 2 per cent. in the next 60 ft.; slightly less 
than 5 per cent. of the total gold recovered was caught in 2380 ft. of rock-paved sluice fol- 
lowing the first 1000 ft. Bonanza Crerx, Kionprxs, gold fine, bright and smooth, 2-ft. 
boxes on 1-in.-per-ft. grade, block-riffled, 80 per cent. of total gold recovery was made in 
the first box, 85 per cent. in the first 180 ft., none in the last two boxes in the 500-ft. string, 
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Hutchins (Bul. 263 USGS 190) estimates that in small-scale Alaskan practice, shoveling-in 
to short strings (3 to 6) of 12-in. boxes set on about 0.3-in.-per-ft. slope, using pole riffles, 
about 80 to 90 per cent. of the gold fed is recovered but that most fine gold is lost. Bouery 
(95 J 1056) gives the data shown in Table 4 representing the distribution of gold in size and 


Table 4. Distribution of gold according to size in La Grange sluice boxes. (After Bouery) 


Box —10 + 50- |— 50+ 100- |— 100+150- - 
number + 10-mesh mesh cis par: 3 ae —200-mesh 
5 45.80 oz. 50.70 oz. 1.38 oz. 0.36 oz. 0.31 oz. 1.45 oz. 
6-16 incl. 18.00 83.30 2.33 1.00 0.31 0.83 
22 5S 20.22 3.08 0.70 0.25 0.62 
48 0.18 2.18 1.06 0.12 0.05 0.16 
88 0.018 0.12 0.47 0.008 0.026 0.005 
136 None 0.053 0.027 0.043 0.011 0.01 


quantity along the LaGranae sluice line. The table indicates remarkable horizontal 
travel of some of the coarse gold and probable lack of economy, from a gold-saving stand- 
point alone, in maintaining so long a string of boxes. It also indicates that only the more 
rounded grains of gold finer than 200-mesh are saved and that most of those grains too small 
to settle in the early boxes do not settle at all. 

Capacity. A string of 12-in. Alaskan boxes rarely handles more than 150 cu. yd. per 
10 hr., but this is done easily if sufficient water is available. ({00 J 994, 122 P 417.) 
Purington (Bul. 263 USGS 142) gives the following figures on ALASKAN PRACTICE: In the 
Soutru-Coast rR»nGION a sluice 4 ft. wide X 4 ft. 10 in. deep, slope 0.33 in. per ft., paved with 
block riffles handled 5000 cu. yd. of gravel and 200,000 cu. yd. of water per 24 hr. ATLIN 
District (B. C.), 400 cu. yd. per 24 hr. of coarse heavy gravel were handled with 32,000 
cu. yd. of water in a sluice 24 in. wide, 1400 ft. long, slope 0.5 in. per ft., with block and rail 
rifles. KLoNpDIKE bench gravel, 1000 cu. yd. of gravel with 20,000 cu. yd. of water in a 
sluice 24 in. wide, 20 in. deep, slope 1 in. per ft., block-riffled. 

At Y-Water in Australia sluices for treating tin gravels at the rate of 100 cu. yd. per hour 
are four in parallel, each 10 ft. wide by 3 ft. deep by 180 ft. long. The area of sluices on 
AUSTRALIAN TIN DREDGES varies from 8 to 43 sq. ft. per cu. yd. treated per hour, all late 
installations ranging between 30 and the higher figure. The corresponding figure on gold 
dredges is about 23 sq. ft. in Australian practice and 37.5 sq. ft. in English practice (146 MM 
81). Purington and Smith (15 MM 148) state that a Russtan sluice 29 in. wide, 18 in. deep 
and 280 ft. long, sloped 14 in. in 12 ft., fitted with T-grate riffles and inverted rails set both 
longitudinally and transversely in different sections, treated 1100 cu. yd. (place measure) 
per 18 hr. and made 96 per cent. recovery, 88.3 per cent. being made in the first third. Van 
Wagenen gives figures of 100 to 200 cu. yd. of ordinary gravel or 60 to 80 cu. yd. of cemented 
gravel per man per 10 hr., but this is for sluice-box operators only and does not include 
delivery of material to the boxes. Hutchins (Bul. 263 USGS 190) gives about 5.5 cu. yd. 
per man shift when shoveling-in and Purington’s figures for the same operation range from 
2.75 cu. yd. per 10 hr., where large boulders interfered, to as high as 12 cu. yd. with 3-ft. 
bank and 5-ft. lift. 

Use of mercury in sluices is local rather than general custom. It is relatively rare in 
Alaska and was relatively common in California. This probably followed from the char- 
acter of the gold, which while perhaps as fine in Alaska deposits as in California, was gran- 
ular, while the fine California gold was scaly and bright. Hence mercury was considered 
relatively unnecessary in Alaskan sluices while it was both necessary and highly effective in 
California. Hutchins (Bul. 263 USGS 204) however, brands the failure to use mercury in 
the Alaska sluices as a penny-wise-pound-foolish policy and recommends its use wherever 
fine gold that will amalgamate is present. Mercury is commonly used on undercurrents 
and tables. The finer feed is not so liable to splash it out of the riffles and flour it as the 
coarse gravel in main sluices and the short length of these devices demands the aid of mer- 
cury to keep down the values in the tailing. f.: 

Mercury is usually introduced after the rifles have sanded up. It should be put in in 
such a way as to prevent flouring and in an amount insufficient to flood the riffles. The 
endeavor should be to maintain as large and as clean a surface of mercury as possible with- 
out causing excessive travel along the sluice. In some plants mercury is not introduced 
until just before the clean-up, in which case its purpose is not so much the recovery of gold 
as aid in collecting it. A low-grade amalgam (mercury containing a small amount of gold) 
is more effective than clean mercury. { 

The quantity used, according to Bowie, is about 3 flasks (225 lb.) in the upper 200 to 300 
ft. of a 6-ft. sluice. A 24-ft. undercurrent will require 80 to 90 lb. ‘ 
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Loss of mercury depends principally on the quantity used, the character of the gravel, 
the type of riffles, and the intervals between clean-ups. Bowie gives the loss at LA GRANGB as 
0.09024 lb. per cu. yd. He states that at Norta BLoomrixn.p it was 11 to 25-per cent. of the 
total used and was greatest in the rock sluices, which were cleaned only at long intervals. 
At the same mine, with light gravel, low slope and little water the loss was from 4.4 to 6.1 
per cent. 


12. Coal sluices 


Trough washer for coal is a form of sluice that has been used rather exten- 
sively in washing bituminous coal at English and Scottish collieries. The 
simplest form is a trough 1 to 2 feet wide and about three-quarters as 
deep, 50 to 250 ft. long, set on a slope of 1 in 20 to 1 in 40, with riffle cleats 
2 to 4 inches high set at intervals of several feet along the bottom, the 
number depending on the amount of slate to be removed. Raw coal broken 
to 14%-in. or smaller is fed at the upper end with sufficient water to move it 
freely; the slate settles to the bottom and is caught and held in the rifles; 
the coal flows into a dewatering tank at the end, from which the coarse set- 
tlings are removed by a drag chain or bucket elevator while the fine material 
overflows and is sent to suitable reclaiming devices. When the riffles have 
filled with slate the flow of feed is stopped and the slate shoveled out. In 
order to maintain continuous operations, two or more troughs are installed 
in multiple with a common feed trough, thus allowing one to be cleaned while 
the other is working. 

At Firimsy Couuiery, Maryport, Cumberland (11 MIS 184) two troughs 17 in. wide X 
13 in. deep, and 150 ft. long, sloped 1 in 36, with two 2-in. rifles, one near the end, and the 
other about 20 ft. above, treated 10 tons per hr. with a water consumption of 400 gal. per 
min. (10 tons of water per ton of raw coal). The velocity of the stream was about 300 ft. 
per min. The refuse removed was about 18 per cent. of the feed. 


Table 5 (64 IME 455) shows the results obtained by trough washers treating different 
sizes of raw coal at three British collierics. 


Elliott washer is an improvement on the simple trough washer. It con- 
sists of a trapezoidal trough, 50 to 100 ft. long, inclined 1: 12 to 1: 18, up 
the bottom of which full-width flights about 3 in, high travel slowly. These 
act as riffles and at the same time drag the refuse to the upper end, while 
cleaned coal discharges at the lower end. J’eed is introduced some 20 ft. from 
the upper end. 


A trough 60 ft. long with 12-in. bottom width treats 5 to 10 tons of —1-in. raw coal per 
hr. with a water consumption of 8 to 10 tons per ton of coal. Table 6 shows performance 


at a British washery. 
Table 6. Performances of Elliott washer. (After Drakeley) 


Coal free 
from visible|Raw coal, —1-in.| Washed coal Refuse 
impurity 
Ashsper centis sinzeaocaa' 4.63 18.03 10.07 67.75 
Spper(eevt.«szsvtear oad T-.- 1 5,17 1.96 1.43 5.08 
Calorifie value, C. H. U.... 7872 6669 PEG Yi a Re ace 
Moat per cents(@)ig yrs oracle ee oe SOMA ee cee O22 OS etl ak 10.12 
Shia Tee eCR Oc eae Coleen ogm tics eal oc aad 0s OM OO oso iecrs Phe | Ne ovieae.t 89.88 
Ash, pericénti.2. 0. Sek we Gipson CL OLS 5.27 | 65.52 8.78 | 74.01 


a Solution 1.35 sp. gr. 
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13. Strake 


Description. In principle, the strake is a shallow sluice designed for the 
treatment of fine material. The sluice riffles are replaced by blanket, plush, 
corduroy, carpet, canvas, silent felt, hides or like material. These serve the 
same purpose as riffles, but have shallower depressions, which are sufficient to 
hold concentrate against the wash of the pulp-carrying current but not deep 
enough to form dams behind which gangue particles collect. The name 
STRAKE is loosely used, some writers confining it narrowly to cover only 
blanket-lined machines used in gold milling, but properly the canvas table 
and all fixed, rectangular machines of the type, using slightly roughened sur- 
faces in lieu of riffles for cetehing and holding concentrate, should be included. 

The wits is usually made that of the blanket or other bottom covering or 
some multiple thereof; the depth of the sides is merely sufficient to guard 
against splash, say 3 or 4 in.; the Len@TH depends upon the ore and upon the 
results demanded but varies in general between 15 and 50 ft. The SLOPE is 
usually between 1 and 2 in. per ft. and the feed pulp ordinarily carries from 
5 to 15 per cent. solids. Pulp is distributed evenly over the width and allowed 
to flow for a definite time, predetermined by experience and dependent upon 
the time required for the concentrate layer to build down to the discharge 
end. The feed is then cut off and, with or without a preliminary washing, the 
blankets or other bottom covering are lifted out and washed in a tank to remove 
collected concentrate. They are then returned to the machine and feed is 
again started. 


At PassaGEM MINE, Brazil (20 IMM 18), the ore is gold-bearing quartz containing heavy 
constituents deleterious in cyanidation. Blanket strakes take —30-mesh stamp product in a 
pulp containing about 8 per cent. solids. Slope is 1.5 in. per ft. 200 tons of ore per 24 hr. 
are treated on 400 sq. ft. of blanket and each ton passes over 120 sq. ft. Recovery is about 
50 per cent. and the ratio of concentration about 40 to 1. Concentrate assays about 10 oz. 
Au per ton. Blankets are 48 in. X 18 in. The life of a blanket is 3 weeks. The rough 
concentrate, amounting to 5 tons per 24 hr., is passed over 12 strakes, 18 in. wide X 20 ft. 
long, sloped 1.5 in. per ft., the first 8 and the last 4 ft. covered with blankets and the inter- 
mediate 8 ft. with canvas. Blankets are washed half-hourly. Concentrate assays about 
160 oz. Au per ton and between 650 and 900 lb. per 24 hr. is produced from 5 tons of the 
rough concentrate. Tailing from this operation assays about 1.3 oz. Au per ton. The 
concentrate is further treated on two blanket strakes each 18 in. wide and 6 ft. long, pro- 
ducing between 65 and 90 lb. of final concentrate containing 48 to 64 oz. of Au. Tailing 
assays 16 to 19 oz. Auper ton. This final washing requires about 3 hours and about 16 gal. 
per min. of water per strake is used. 

At Ouro Preto, Brazil (20 IMM 30), the ore is gold-bearing quartz containing consid- 
erable sulphides deleterious in cyanidation. Blanket strakes treat —30-mesh stamp product 
in a pulp containing not more than 3 per cent. solids. Slope, 1.5 in. per ft. Blankets are 
18 in. wide X 4 ft. long and are changed two to three times per hour, or as soon as the nap 
becomes loaded with concentrate; 32 blankets can be changed and washed in 10 min. 
Concentrate assays 8 to 9.6 oz. Au per ton and contains 40 per cent. sulphide. The ratio of 
concentration is about 40 to 1. The rough concentrate, amounting to about 5 tons per 24 
hr., is re-concentrated on 6 strakes each 18 in. wide X 15 ft. long, sloped 1.5 in. per ft. 
Concentrate assays about 230 oz. Au per ton and tailing about 0.8 oz., all included gold. 
The ratio of concentration is about 26 to 1. This concentrate is next treated on a table 
covered with short-nap blanket, 12 ft. long, sloped 2 in. per ft. Concentrate assays 2160 oz. 
Au per ton and tailing 16 0z.; ratio of concentration 10 to 1. This makes a final over- 
all ratio of concentration of about 10,000 to 1. Water used on the re-concentrating strakes 
is a weak solution of the extract from the leaf of Solanwm paniculatum, a local saponin- 


bearing plant. This solution lowers the surface tension of the water and prevents or 
lessens flotation of metallic particles. 


Planilla is a Mexican device that had its counterpart in China and the 
East Indies. It consists of a concave sloping surface, a part of which is 
usally roughened in some way. The apparatus shown in Fig. 20 was built 
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of masonry and concrete and had a concrete concentrating floor. Brick, 
wood and sod turned root-side out have also been used for floors, the wood and 
sod for treating very fine material. The slope and curvature of the surface 
vary widely. 
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Fie. 20.—Planilla. 


Baron (80 M&M 377) gives the materials in one planilla such as pictured as 1 bbl. 
cement, 1000 Ib. lime, 5 tons crushed waste and sufficient large rocks for walls and founda- 
tions. The labor required was about 5 days for one native mason and two helpers. 

Operation. A batch of crushed ore is shoveled onto the higher part, then drawn forward 
a small amount at a time and washed by throwing water on it or directing a stream against 
itfromahose. The rough concentrate remaining on the slope after this preliminary washing 
is turned over and over and coarse material raked up slope while any impoverished surface 
layers resulting from the turning and washing are carefully scraped off and thrown aside. 
Concentrate collects in a hard layer beginning at about the point of change of curvature; 
middling collects below the concentrate and down to the water level; tailing is washed into 
the sump. Middling is re-cleaned by another washing either with or without further crush- 
ing. 

Performance. At the San Roperta minn, Zacatecas, Mex. (30 M&M 377) a silver 
ore with lime-silica gangue and small percentages of iron and copper sulphides, crushed and 
carefully sized through 5-mesh, was concentrated 5 into 1 at the rate of 1 to 2 tons of feed 
per 9-hr. shift by 1 operator and 2 boys. Concentrate assaying 32 to 40 oz. silver was made 
from 8-oz. ore and 48- to 60-oz. concentrate from 13-oz. ore, but this was exceptionally good 
work, obtained by careful sizing of the feed, and close supervision and management. The 
usual performance on such ore is from 0.5 to 1 ton per shift concentrated 3 or 3.5 into 1 with 
a recovery of 50 to 60 per cent. 

A brick-floored device of the same variety for coarse ore and a board-floored form for 
cleaning fine middling from the first are described by Collins (19 TMM 191) as used in China 
for treating vein tin ore. Concentrate is re-cleaned in pans. 


Film concentration 


Concentration by washing on a relatively smooth, sloping surface in a 
thin film of water is a natural development of the sluice, undercurrent, planilla 
and strake, applied to treatment of fine material. Building buddles, frames, 
canvas tables, and revolving round tables represent successive steps in the 
development. The building buddle dates back to Agricola (1550) and is 
obsolete in modern plants, but is useful for preliminary work in isolated 
regions or with primitive labor. The stationary buddle is a useful machine in 
small, cheap plants. The 20-deck revolving round tables at Anaconda 
and the multiple-deck tilting slimers in the Missouri lead mills and 
the southwestern copper plants represent the highest development in 
film concentrators. These machines have been completely displaced by 
flotation for the treatment of sulphide ores, but they still are the most 
efficient devices known for saving extremely fine heavy mineral, not amenable 


to flotation, from slime pulps. 
14. Buddle 


The word BupDLE is limited by some to machines of the variety herein 
called building buddles; more generally it is made to include all machines for 
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the concentration of fine sands and slimes in which concentration is effected 
by flowing a stream of pulp in a relatively thin layer over a substantially 
smooth, slightly-inclined surface. Thus defined it is distinguished from 
sluices and undercurrents in which the carrying stream is relatively deep and 
the separating surface decidedly uneven, and from gold tables and strakes, 
which have separating surfaces that are intentionally roughened. 

Principle of operation of buddles is to utilize the differences in velocity 
of the different layers in a thin film of liquid flowing over a substantially smooth 
surface to produce differences in the rate of movement of solid particles of dif- 
ferent sizes and specific gravities along the surface. Two kinds of action of 
the solid particles are involved. The solid particles are more or less in sus- 
pension when first fed to the separating surface and they settle according to 
the laws of free and hindered settling (Sec. 6, Art. 1), the largest and heaviest 
nearest the feed point, the lightest and smallest farthest down slope or not at 
all. Friction between the film of flowing liquid and the solid surface, and 
between the different layers in the flowing film, causes the lowest layer of the 
film to move at a minimum rate and the upper layer to move at a maximum 
rate. Since the transporting effect of a current of water varies as a power of 
the velocity greater than one, the upper layers have the greater transporting 
effect. This has two results. A particle in suspension in the current is acted 
upon by a greater force near its upper than near its lower edge, an overturning 
motion whose resultant is toward the lower layer of the film is imparted, and 
the settling rate is accelerated. After the particles reach the separating 
surface, and it is only such particles that can be saved, the current causes 
them to move down slope by rolling, sliding, or by the movement of alter- 
nating suspension and deposition that Gilbert (Prof. Pap. 86 USGS) calls 
“leaping.” Rolling and sliding can be considered as due to a substantially 
non-eddying stream; leaping is caused by eddies. In rolling and sliding, the 
larger particles, being the ones that project farthest upward from the table 
surface, are the ones that are acted upon by the most powerful currents, and 
they move most rapidly, notwithstanding their greater mass. Of two par- 
ticles of the same size but of different specific gravities, the heavier moves more 
slowly, under the equal forces applied, by reason of its greater mass. The 
result, then of the rolling and sliding action of the film on the solid particles 
in contact with the separating surface, considered alone, is to cause a separa- 
tion of fine from coarse and heavy from light, the finest heavy material remain- 
ing near the upper end and the largest light grains overflowing the lower 
edge. This is called rium sizina. If any of the grains is so large as to stand 
above the water surface, the transporting force on such a grain, although the 
maximum that can be exerted by the film, will have less effect than on the 
larger submerged grains, and such projecting grains will remain near the feed 
point. When, for any reason, the separating surface is rough, and this neces- 
sarily is the case, even on the smoothest bottom, as soon as solid matter begins 
to settle out, several new effects enter. The depressions in the separating sur- 
face act as riffles in which fine particles settle and are protected from the sweep 
of the current, eddying within the depressions causes concentration of heavy 
mineral, the rough surface prevents sliding and retards rolling, and eddies are 
produced in the main stream which sweep smaller particles upward into 
momentary suspension and cause them to move down slope with a velocity 
equal to that of larger particles. The net result is to dull the sharpness of the 
separation of heavy from light mineral. 

The flowing stream advances in a series of waves. This fact aids in moving 
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the larger particles, either because the waves strike definite blows against the 
larger particles, while failing to strike the smaller, or becnuse, when the crest 
of a wave is passing, large particles that projected in the trough are sub- 
merged. 

Davis (86 J 905) developed experimentally the following empirical rela- 
tion between slope (s), in degrees, of a ground-glass surface, water quantity 
(w) in lb. per min., and diameter in mm. (d) of the average grain of quartz to 


_be washed from a quartz-galena pulp. 
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This equation gives no necessary clue to the real relation existing between 
these quantities and is useful only within the range of the experiments. 


275 = 50\/ Pde, 4010 
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, = a; ( 
sin s = 96 


Separating surface has an important effect on the performance of a buddle. Truscott 
(27IMM1; 28IMM 46) believes that this effect is due both to the contour of the surface 
and the material of which it is made. The depth of the slowest-moving layer in the sep- 
arating film is less, the smoother the surface, although probably with all surfaces the velocity 
of the liquid immediately in contact with the surface is zero with respect to that surface. 
Since any irregularity in the surface produces eddying and the effect of eddying is greatest 
on the finest particles, it follows that the smoother the surface the better it will hold very 
fine mineral. (It is not at all unlikely that surface forces, existing at the 3-phase contact 
between the separating surface, the deposited solid and the liquid, exert some effect, but 
the hypothesis is not sufficiently established to merit practical consideration.) Rough sur- 
faces catch and hold both gangue and heavy mineral and, if clean concetrate is demanded, 
such large quantities of water are required to wash out the gangue that much mineral is 
earried off. Wood, slate, marble, glass, rubber and linoleum have been used to get smooth 
surfaces and canvas, cement, and fluted glass for roughened surfaces. Data showing the 
effect of various kinds of surfaces on revolving round tables are given in Art. 19. 

Preparation of feed. Considered as film sizing alone, the action of the buddle would 
seem to demand classified feed and Richards so recommends. But as has been shown, the 
action of a working buddle is never pure film sizing; the part played by the other forces is 
large, and of such a nature as to defeat separation of classified products. Furthermore on 
the circular machines (Arts. 16, 18 and 19) the liquid film varies in thickness from center to 
periphery, and, if made deep enough in its shallowest part to submerge the largest feed par- 
ticles, will exceed the depth for film sizing in its deepest portion, while if of the right depth 
in its deepest portion, it will leave the large particles stranded in the shallow areas. There- 
fore, since true film sizing actually plays but a small part in buddle separation, there is no 
reason for classified feed. The practical difficulty of classification of the fine sizes usually 
sent to buddles has also prevented such preparation. It is true that de-sliming a fine sand 
feed results in better recovery of the granular mineral, but this is due not to better film sizing 
of the classified material but rather to the fact that removal of the slime decreases the trans- 
porting power of the liquid and results in deposition of the fine granular mineral. 

Duration of feed is one of the important factors in operation of a buddle. As soon as 
the stream of feed pulp loses its initial velocity, there is immediate deposition of most of the 
solid matter. Separation then starts and the solid particles form slowly-moving beds of 
gangue and mineral progressing toward the discharge lip, with the mineral lagging behind. 
Feeding must stop before the lower edge of the advancing mineral sheet reaches the dis- 
charge. Proper duration depends on the rate of travel of the mineral and the proportion of 
mineral in the feed. Rate of travel depends on slope, percentage of water in the pulp, feed 
rate, and retarding character of the surface. When the mineral blanket begins to discharge, 
there is, on a properly working machine, an immediate rise in assay value of the tailing to 
that of the feed, the same amount of mineral being added to the impoverished tailing per 
unit of time, that is abstracted at the upper end. 


15. Building buddle 


The simplest form is the Box BUDDLE, a rectangular box, usually with 
slightly-sloping bottom, the lower or discharge end of adjustable height. Feed 
is distributed across the upper end by means of a distributor and flows through 
the box, the lighter material overflowing at the lower end. Solid particles de- 
posit initially in order of size and weight, the heavier and larger particles near 
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the pulp inlet, ranging gradually to the finest and lightest near the discharge. 
The slope of the surface of the deposited solids increases to a maximum and with 
this increase the surface becomes smoother, due to deposition of fine heavy 
mineral, and the pulp stream becomes thinner. Under these circumstances 
less and less coarse gangue is able to remain near the head end, but is rolled 
down slope. When the slope of the settled solids becomes so steep that 
an excessive amount of concentrate is carried down, the height of overflow is 
raised, the slope thus lessened, and building again proceeds. If solids build 
up too rapidly at the head, the feed rate should be increased or feed pulp diluted 
to increase the velocity of the stream. After the overflow level has been 
raised to the maximum height feeding is stopped, the bed of solids is marked 
off into sections representing concentrate, middling, tailing and slime, and the 
respective sections are shoveled out separately. During the process of build- 
ing, the surface of the depositing solids should be swept lightly with a cloth or 
broom to prevent the formation of banks and resulting channeling. 

In a building buddle treating a feed containing relatively coarse sands, 
the action after the bed has begun to deposit is substantially the same as that 
on a canvas table. With very fine feed the surface of the deposited solids is 
substantially smooth and concentration takes place largely by film sizing. 

Circular building buddles are a development from the foregoing in which 
the building box is a cylindrical tank usually 18 to 20 ft. diameter and about 
18 in. deep with outlet pipes at various levels. A conical feed sole 5 to 6 ft. 
diameter at the center, and overhead arms revolving 5 to 12 times per min. 
carrying sweeps of rags or twigs for brushing the building surface, are provided. 
The products form concentric rings which are shoveled out separately. 


Examples 


Cornish tin (24 IMM 422). Convex pit 14-ft. diameter, with gently-sloping floor; 
distributing cone, about 5.5 ft. diameter. Overflow is taken through pipes along one ele- 
ment of the cylindrical wall and can be raised lin. atatime. Feed is all through 200-mesh. 
Products of a typical run are: concentrate; 1260 lb. assaying about 25 per cent. black tin; 
middling, 1420 lb.; tailing, 2870 lb. 

Louis states that the capacity of a convex circular building buddle is from 1.5 to 3 
cu. ft. of pulp per min., carrying 28 to 56 lb. of solids per cu. ft. Filling requires 3 to 10 
hr. and the deposit in the machine is from 6 to 12 tons of solids. 

Rumbo (114 J 672) is a form of circular building buddle locally developed in the Lenarés 
district in Spain for treating galena ores. It is a tank 12 ft. diameter and 2 to 3 ft. deep 
fed at the center with a pulp containing about 33 per cent. solids. Water and slime are 
worked over the rim by four slow-moving paddles carrying canvas sweeps. It can be 
filled, stopped and emptied in 5.5 hours and makes a clean concentrate and a tailing con- 
taining less than 1 per cent, Pb. Capacity is between 4 and 5 tons of solid per 8 hr. 


16. Stationary buddles 


These consist of smooth, slightly-inclined stationary surfaces down which 
finely-ground ore pulp is flowed in a thin film. Heavy mineral deposits near 
the feed sole, middling down to the discharge edge, and tailing is carried over 
the discharge edge. 

Frame is a film-sizing device consisting of a slightly-inclined smooth- 
bottomed rectangular trough, open at the lower end to allow free egress of 
pulp and wash-water streams. The word is loosely but incorrectly applied 
to rectangular canvas tables and to circular stationary and revolving buddles. 

Frames are from 3 to 5 ft. wide, 10 to 20 ft. long, with bottom of smoothly- 
planed boards, and a slope ranging from 1 in. per ft. for the finest material to 
2.5 in. per ft. for fine-sand feeds. It is fed over a distributing board with a 
thin stream of pulp. Heavy mineral is retarded, as compared to light, and a 
thin bed of heavy material builds on the separating surface, gradually extend- 
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ing to the discharge end. The surface is sometimes worked over with wooden 
scrapers or brooms to prevent channeling. Just before the advancing sheet of 
deposited concentrate reaches the discharge end the feed is cut off, the deposit 
is washed with clean water and caused to discharge a middling product, then 
the remaining concentrate is removed with a jet of water, or is swept off. By 
building frames in pairs and providing for diversion of feed pulp to one or 
the other as desired, and by arranging them to tilt sidewise for washing, con- 


_ siderable time may be saved, one being fed while the other is being washed. 


Three frames, forming the sides of a triangular prism, mounted on a properly 
inclined axis, allow practically continuous operation. Water-tilting boxes 
lever-connected to diverting launders for the products have been used to 
make the work automatic. None of these devices compares for economy 
of operation with the revolving round table (Art. 19). The frame is, how- 
ever, an easily constructed and highly useful slime concentrator for small 
preliminary plants. 

Richards, after extensive experiments (2 OD 707; 27 A 76) recommended a slope of 
about 0.6 in. per ft. and 12 lb. of water per ft. of width for sandy feed; slope between 1 and 
1.25 in. per ft., 5 to 6 lb. of water per ft. of width for fine sand-slime feed; and 1.75 to 2 in. 
per ft. with 2 lb. of water per ft. of width for the finest slimes. Most writers and millmen, 
however, recommend a steeper slope as well as a larger water quantity for coarse feeds than 
for fine. 

Capacity, according to Rittinger, is about 0.1 to 0.125 ton solid per ft. of width per 
24 hr. in a slime pulp containing 8 to 10 per cent. solids and 1 to 1.25 tons per ft. per 24 hr. 
in a sandy pulp containing 15 to 20 per cent. solids. 


Canvas table has been widely used for treating slimes in gold and base- 
metal concentration. It is better adapted for treating 
fine feeds than the blanket strake (Art. 13), is usually 
wider, and the length is less in proportion to the width. 
Operation is the same as that of the frame. Canvas 
is not removed for washing concentrate, as is done with 
the blankets of a strake, but feed is stopped, deposited 
mineral is washed with a stream of clean water, then 
swept off with a broom or flushed off with a flat-jet hose. 

Wide use was made of canvas tables in California 
gold mills prior to the adoption of cyanidation, and in 
base-metal mills prior to the introduction of flotation. 
At present they are used, under the name of cAaNvas 
FRAMES OF RAGGING (ROUGHING) FRAMES in Cornish tin 
mills and, to a limited extent, supplementing cyanida- 
tion in gold mills and flotation in base-metal mills 
treating complex ores, 
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A typical form is shown 
in Fig. 21. Width varies 
usually from 3 to 12 ft., 
length from 10 to 50 ft., 
slope from 0.5 to 3 in. per ft. 
Capacity is extremely varia- 
ble and is dependent on the 
kind of ore, size of feed, 
slope, water quantity, and 
grade of concentrate and 
tailing demanded; average 
is about 0.01 to 0.15 ton per 
sq. ft. per24 hr. Weight of 
canvas ranges from 8-oz. to 


Side Elevation. 
Fic. 21.—Canvas table. 4-oz. duck. It is usually 
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stretched lengthwise, for simplicity of construction, although this requires heavier canvas 
for a given degree of resistance to flow than would be required if the warp of the duck were 
placed across the stream. The life of canvas is from 8 months to one year under average 
service, according to the weight used, when protected from the fall of the feed stream by 
a board, turned when worn too smooth on the upper side, and slipped longitudinally at inter- 
vals to bring new places over the joints of the underlying boards. Automatic alternation of 
feed pulp, wash and flushing water, with automatic throw of the concentrate-tailing splitter 
has been operated by means of levers from a water-tilting box (see Sec. 21, Art. 10). 

At Tut-M1-Cuuna (119 P 808) canvas tables were used for copper-gold-bismuth ore 
high in sulphide. The feed was tailing from Deister tables treating flotation tailing (about 
0.2-mm. maximum size). Width, 7 ft.; length, 40 ft.; slope 1.25 to 1.75 in. per ft., the for- 
mer best. One man attended 4 machines. Concrete strakes 4 ft. wide by 50 ft. long on 
1.75-in.-per-ft. slope replaced canvas. Concrete was 3 to 6 in. thick tamped level, dressed 
to slope with a 0.75-in. layer of 1 : 1 cement mortar carefully troweled, which, when nearly 
dry was dusted with dry cement and scored lightly transversely with a wire comb with teeth 
at 1-in. intervals. Three days were allowed for setting. Twelve of these strakes treated 
450 tons solid per 24 hr. (0.13 ton per sq. ft.) in a pulp containing about 12 per cent. solids 
and recovered about 10 cents in gold per ton treated. 

At Suan mill (119 P 920) the ore was similar. The feed was tailing from cascade 
flotation, about 5 per cent. on 100-mesh. 21 strakes, 30 in. wide by 50 ft. long sloped 
1 in. per ft., covered with 8-oz. duck, treated 250 to 280 tons solid per 24 hr. (0.11 ton per 
sq. ft.) and made a low-grade concentrate, but were overfed. 

At the ComMBINATION MILL, Goldfield, Nev. (94 J 208), milling gold-quartz ore, canvas 
tables treated 54 per cent. of the total mill feed and made from 7 to 13 per cent. of the total 
recovery. Feed contained 85.8 per cent. material through 200-mesh and 93.1 per cent. 
of the gold recovered came from this size. The cost per ton (1912) was divided as follows: 
Labor, 18.5¢; repairs, 3.0¢; power, 3.0¢ (including vanners for re-treatment of coneen- 
trate); acid for removing calcareous deposit from canvas, 0.5¢; sundry supplies, 5.0¢; 
total, 30¢. 

At Feprraut Leap Co. in 1913 (96 J 487), the feed was galena-limestone ore, slime tailing 
from vanners, 66 per cent. through 
200-mesh, assay 3 per cent. Pb. 
There were 48 tables, each 11 ft. 
8 in. wide, 14 ft. long, slope 1%6 
in. per ft., covered with 18-oz. 
canvas stretched over 2-ply tar 
paper. The capacity of each table 
was about 19 to 23 tons solid per 
24 hr. (0.14 ton per sq. ft.) ina 
pulp containing about 19 per cent. 
solid. One boy washed 36 tables 
per hr. when making rough con- 
centrate and 24 tableswhen making 
clean concentrate. When making 
rough concentrate at this mill 
tables were washed every 20 min. 
Life of canvas was about 8 mo. 
Efficiency was greater when the 
canvas was new and fuzzy than 
later when worn smooth. 


| 


~=-----=-10'114'4------ 


Feeding position 


al 


17. Tilting canvas table 


Several forms have been 
built. The DrrsreEr is shown 
in Fig. 22. It consists of a 
series of relatively small can- 
vas tables mounted on a tilt- 
ing framework actuated by a 
timing device. When in feed- 
ing position, pulp is flowed 
over the canvas decks from 
the multiple feed box, concentrate adheres to the deck and tailing passes into 
the tailing launder. After a time predetermined by experiment, the feed is 


Fig. 22.—Deister tilting slimer. 
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shut off, the decks tilt into the washing position and flushing water is intro- 
duced with sufficient velocity and for sufficient time to remove concentrate, 
when the decks again tilt to the 
feed position and feed is again 
turned on automatically. With 
a somewhat different mechan- 
ism, the Boytan (116 J 766) 
and Porter slimers (34 MW 
458) accomplish the same result. 
The feeding period varies from 
10 to 30 min. and the washing 
period from 30 sec. to 1 min. 
The capacity per square foot of 
canvas surface is the same as for : 
en fe ae fables. : The Fic. 23.—Wilfley multiple-deck tilting slimer. 
WILFLey multiple-deck tilting 

slimer (Fig. 23) combines with the multiple tilting deck a simple eccentric 
shake to aid in stratification of the pulp and a preliminary water-washing 
period preceding the flushing period, during which wash the worst of the 
gangue is removed from the deposited concentrate. 

The work of the Wilfley and Deister machines at Miami (116 P 668) was substantially 
the same, the machines making recoveries of about 45 per cent. with tailing assaying about 
0.9 per cent. Cu from a slime feed assaying from 1.6 to 1.8 per cent Cu. Development 
of this type of concentrator was practically stopped by the introduction of flotation. 

Rotary-tray canvas table is described by Martin (32 M & M 428) as having been used 
successfully in several Mother Lode mills. It consists essentially of a plurality of trays 
carried on a revolving framework and successively presented to fixed sources of feed 
and wash water, with final removal of concentrate by a strong, broom-shaped jet. Trays 
are 4 ft. wide by 3 ft. deep, 21 to 24 trays to a deck and 6 to 10 decks. Speed, one revolu- 
tion in 15 to 20 min. Canvas, felt, and sanded asphaltic paint are used for tray surfacing. 


Another machine with the same idea has the trays mounted on wheels running on an undu- 
lating track which acts to increase the slope of the tray when the discharge position is 


reached, 


18. Circular stationary buddle 


In this apparatus (Fig. 24) the separating surface is an obtuse cone, con- 


vex or concave, fixed in position, with a central revolving shaft carrying a 
suitably arranged feed- 


pulp distributor, wash- 
water sprays, and di- 
verting launders. In the 
convex form pictured, 
fixed launders for con- 
centrate, middling, sand 
tailing and slime are 
provided around the 
outer periphery of the 
annular concentrating 
surface. Fig. 25 shows 


ESOP. Ys ““* 4 diagrammatic plan of 
such a device in opera- 
Fie. 24,—Stationary circular buddle. tion. The arms carrying 


the moving parts are 
assumed to be traveling in a clockwise direction. Feed is introduced from 
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trough (a) extending around one-third to one-half of the inner periphery. 
The rapidly-moving lighter particles quickly reach the outer periphery, 
where they are diverted by the movable 


Jet “b’for removing last tailing launder (6) to the fixed tailing 
of concentrate 


launder (c) and thence to waste. The flow- 
ing tailing forms a spirally-bounded patch 
on the table top as indicated by radial 
hatching. Under the influence of wash water 
introduced around the balance of the inner 
Middling : periphery, the slower moving middling next 
band = lll4| reaches the outer periphery of the table and 
= is diverted by a moving middling launder 
to fixed middling launder (e). The mid- 
dling forms another spirally-bounded bed, 
behind the tailing, as marked. Concentrate, 
traveling most slowly under the influence of 
the wash water, reaches the outer periphery 
Fic. 25.—Diagrammatic plan of last and is diverted by the movable launder 
stationary convex buddle. (f) to the fixed launder (g). A powerful jet 
(h), carried near the outer periphery and 
just ahead of the forward end of launder (b) removes the last of the concen- 
trate from the path of the advancing tailing area. 
The concentrating surface is usually wood, iron or cement, but linoleum, 
glass, and similar surface coverings may be used. 


Simons (46 A 368) states that these tables are built with as many as 3 decks, 19.5 to 
32.75 ft. diameter and that the capacity of the largest size is from 24 to 26.8 tons per 24 hr. 
per deck. Speed is from 0.25 to 0.43 r.p.m.; power, 0.75 hp.; water consumption 48 to 
55 gal. per min. per deck. 

An advantage of this type over the revolving round table (Art. 19) is the 
fact that the heavy concentrating surface is stationary and, therefore, less 
power is consumed. Also, this surface, once trued remains true, which is not 
always the case with the revolving tables. 

The velocity of the current on a circular convex buddle is greater at the 
center than at the periphery. This results in deposition of fine gangue near 
the periphery, but it insures relatively clean concentrate because of the high 
current velocity near the center, and relatively complete deposition of fine 
mineral near the periphery. In the concave form, on the other hand, with 
lowest velocity at the point of initial deposition, much gangue deposits, if 
substantially complete deposition of heavy mineral is effected. If the velocity 
at the periphery is made sufficient to prevent deposition of such gangue, fine 
mineral will be kept in suspension and, with velocity increasing toward the 
central discharge, never be able to deposit. This is the reason why the con- 
cave form has rarely been used. 


19. Revolving round table 


This is the modern form of buddle. It consists (Fig. 26), of an obtusely- 
conical surface, substantially smooth, carried on an umbrella-like frame, sup- 
ported on a vertical shaft resting in a step bearing at the bottom and carrying 
at the upper end a worm gear by means of which the whole is caused to revolve 
slowly. A fixed feed distributor supplies pulp to from one-third to three- 
quarters of the upper surface. Fixed launders around the periphery receive 
tailing, middling and concentrate. Wash water is supplied over the remaining 
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surface at the center and there may also be a spirally-disposed spray pipe sus- 
pended over the surface along a line such as XX (Fig. 27) that will give a final 
wash to concentrate before its removal. A strong jet placed just ahead of the 
tailing launder insures 
removal of the last of ; 
_ the concentrate. In mon 
_ Fig. 27, consider three 
particles of the same 
size but different = = Z 
weights, say concen- 
trate, middling and 
tailing respectively, —— 
ean? are ar Fic, 26.—Revolving round table (single-deck). 
with respect to the table surface is radial in direction, but the velocities will 
vary inversely as some function of the specific gravities. After a short interval 
of time, therefore, the radial components of travel will be as indicated by the 
vectors (c), (m) and (t), respectively. The angular travel will be the same for 
all three, say to the position of radius 
(r:); the resulting positions will be (c), 
(m,) and (t;), respectively, and the paths the 
dotted spirals connecting (a) with the re- 
spective points. After a second increment 
of time during which the original radius has 
moved to the position (r2), and during 
which also the radial travel of the particles 
will be less than in the preceding interval 
by reason of the lessened velocity of the 
pulp stream due to its increasing width 
and decreasing depth, the tailing particle 
will have left the table at position (¢,), 
Middling while middling and concentrate particles 
will be at (m2) and (cs) respectively. They 
Fic. 27.—Sketch of action of wil] finally leave the table at positions 
revolving round table. (my) and (cy). Differences in rate of radial 
travel will be greater, if the concentrate and middling particles are smaller 
than the tailing particle. 

Evans revolving round table was furnished with a fixed conical center 
head with spiral periphery, so arranged that concentrate depositing on the 
upper portion of the table in the feed sector would pass under the head and 
be protected from further washing by feed pulp, but would be exposed when the 
wash sector was reached. This type of table has been extensively used in 
Lake Superior copper mills and in the early days at Anaconda. 

Multiple-deck revolving round tables (Fig. 28) were devised to overcome 
the handicap of low capacity. The limit was reached in the 20-deck Anaconda 
table shown. The decks were 19 ft. diameter, built of concrete laid on sheet- 
steel support spaced 1 ft. apart vertically. The 20 decks were carried on eight 
steel columns around the outer periphery and the columns rested on a steel ring 
running on wheels on a circular track. Motion was transmitted through a 
pinion to a circular rack carried on the lower side of the supporting ring. A 
central shaft-way, 4 ft. in diameter, carried the distributing pipes for pulp 


and wash water and enclosed a 30-in. square ladderway. 


Tailing 
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Eetdusive tests were carried out at ANaconpa preceding the construction 
of the round-table plant (1912). The reports of these tests by Crowfoot 
(49 A 417) and Laist and Wiggin 


{} (49 A 470) are substantially a 
= erp text book on the subject and 
SIS form the principal basis for the 
> = iM - ‘ 
7 INS IS following paragraphs 
VE oe on SS Surface. Planed wood, linoleum, 
iw = BN medium-weight canvas and cement 
ZB ——-it=— aN concrete were tested. The concrete 
YE oe os ae IN mixture was one cement and two 
hg SSE “ila e\ sand, laid on sheet steel, trowled to a 
GF HF AN finish approximating that of the 
1G p 4 medium-weight canvas. (At Ouro 


Corrrr Co. concrete 2 in. thick was 
laid on reinforced expanded metal 


ALT 


a 


the grade of tailing was the same and 
the grade of concentrate markedly 
better on the cement deck; it also had 
better wearing quality. 

Comparison between cement decks 
with rough and smooth finish is shown 
in Table9. The smooth-finished deck 
made somewhat better recovery with 
lower water consumption on the high 

Fig. 28.—Multiple-deck revolving round _—-22 low tonnages, but the concentrate 

table, was lower grade. On medium ton- 

nage, recovery, tailing and grade of 

concentrate were all better on the rough-finished tables, although water consumption 
was markedly higher. 


(Za (90 J 1107)). Results are given in 
ws Tables 7 and 8. Slightly higher re- 
\ Gis Ut covery was made on the wood than 
igs : on the cement; the greater tonnage 
KA of tailing rejected by the cement deck 
if i is a distinct advantage in its favor. 
——_ The canvas deck made a distinctly 
Kee higher recovery than the cement, but 
| ne 


Table 7. Comparison of wood, linoleum and cement deck surfaces on revolving 
round tables at Anaconda Copper Co. 


Kind of deck 

Wood Linoleum Cement 
FRonsisOlide pew a4 ys co, oss, cedop tue dicehl ew, sates 4.4 4.5 4.5 
Per cent: solids im feed. ©. 3.5... 7.6 7.5 hes 
Assay of feed, per cent. Cu.................. Qk 2.75 2.76 
Assay of concentrate, per cent. Cu............ 5.29 5.92 7.03 
Assay of tailing, per cent. Cu................ L.do 1.65 1.6L 
Recovery, per Centy scan ssc uae ee apie raie 62.1 55.3 53.8a 
Ratio of concentration.............. 33ni! 3.9 4.7 
Water, fresh, gallons per ton of feed.......... 6022 4974 5424 


a Results on cement decks were greatly improved in later work. See Table 9. 


When using rough-surfaced cement and ecanvas-covered decks, solids built up as much 
as % in. deep. Yet the tests just described show that notwithstanding the building, the 
rough deck affords better protection for sulphide and holds it back against the wash-water. 

Fluted- and corrugated-glass surfaces have been tested against wood on revolving round 
tables in the CornisH TIN MINES (14 MM 32, 89, 90, 154, 533). Various forms of glass 
surface have been tried, but the best results were obtained with about 16 flutes to the inch, 
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¥2 to Ve in. deep, with crests either sharp or rounded. In one 16-hr. test on an 18-ft. glass- 
top, concave table with corrugations set at right angles to the slope, slope dean. per at. 
when running against a wooden deck of the same diameter sloped 1.25 in. per ft., the aes 


top yielded 847 lb. of con- 


centrate assaying 32.2 lb. Table 8. 


Sn per ton and the wood 


Comparison of cement and canvas deck surfaces on 


revolving round tables at Anaconda Copper Co. 


1557 Ib. of 15-lb. concen- 

trate. The tailing on both 

decks carried 6.5 lb. Sn Kind of deck 

per ton and the feed 9.2 

lb. Sn per ton, The feed C ~ 

rate on the glass deck was cue Canvas 

Eee pet #4/Br.§ On the sino os sblid’ per 24 hr 8.3 £3 

Eee ped ne BS? Wee cents eolida infeed 127.08 9.3 9.8 

mifaince. thal the deck Assay of feed, per cent. Cu. ae 2. ob 3.46 

pede oeninid a) eather than Assay of concentrate, per cent. rel 7.84 5.79 

COraoAlNsOTKhat dhesewas a = ed ars per cent. Cu... . Rae eae 

eprang ade Ratio of concentration............. 2.9 1.9 

ae ac ee ee of - ae Speed, minutes per revolution...... 19 19 

Mriioat ess: 5 1b. Sh per Slope of deck, inches per foot....... 1.2 Tals} 

fon “apeiner-7-6-1h Water, fresh, gallons per ton of feed. . 1218 1517 
gainst 7. . at the 

joint. Trewartha - James 


(14 MM 89) says that the 
glass top is very sensitive 
to variations in size, pulp 
density and mineral con- 
tent and that the pulp density must be closely correlated to the slope. 
is said to be better than the wood on rounded particles. 


Note—Crowfoot states that the extra cost of handling, trans- 
portation and smelting of the lower- grade canvas-deck concen- 
trate would probably more than offset the increased recovery. 


The glass top 


Table 9. Comparison between rough-finish and smooth-finish cement-deck 
round takles at Anaconda 
Rough finish Smooth finish 
Character of feed 
Medium| Fine Fine |Medium| Fine Fine 

Tons ‘solid sper -24-Jhrs.. aa daatet (seg ae 31.5 12.3 4.8 20.2 14.0 (yas 
Per cent. solids in feed.............. 16.5 9.0 Tal 11.9 (reak (ices 
Assay of feed, per cent. Cu.......... 4.25 Seon 4.23 4.86 B22) 2263 
Assay of concentrate, per cent. Cu....] 18.90 | 16.64 | 19.06 | 17.00 | 16.08 | 13.90 
Assay of tailing, per cent. Cu........ 2221 1.47 1.82 2.34 is, Oo 1.01 
Recovery, per cent:...........505005 54.0 62.1 63.0 60.5 58.8 66.6 
Ratio of concentration.............. 8.2 8.0 V2 5.8 8.4 8.0 
Water, dressing, gallons per ton of feed} 440 2035 3746 651 1424 3378 
Water, concentrate removal, gallons 

Per ton. CL ised, ~.ne pace ako. S198 814 2480 6078 1094 1171 2491 
Water in feed, pounds per minute rer 

foot of total circumference......... 4.15 2.88 1.70 3.88 4.74 1.95 
Water, dressing, pounds per minute per 

foot of total cireumference......... 1.39 2.60 1.82 1.34 2.15 OL 
Water, concentrate removal, pounds 

per minute per foot of total cir- 

Cumberence) trachoma tee unes, 28 2.86 3132 3.18 2.40 1.79 1.69 
MEed TONE of Stas ceney: itl ak GOA Tek}. 2 2 2 2 2 2 


Contour of surface. The length of the cross-section of the pulp or wash-water stream 
on a convex round table, cut along a line equidistant at all points from the center of the 
table, increases, obviously, as the distance from the center to the chosen section increases. 
Since the volume of water flowing down any given sector is substantially constant for any 
given position of the sector, the thickness of the film must necessarily decrease as the 
periphery is approached. This results in a decrease in velocity with resultant deposition of 
solid matter, principally gangue. Professor H. S. Munroe (School of Mines, Columbia Univ.) 


~ proposed a convex conoidal deck, to increase the water velocity near the periphery and thus 
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prevent deposition. Table 10 presents comparative performances of the conoidal and con- 
ical decks. The conoidal deck with chord sloping 1 in. per ft. substantially duplicated the 
performance of the conical deck sloping 1.25 in. per ft. With steeper slopes the conoidal 
deck made a higher grade of concentrate but lower recovery. The econoidal deck of a given 
slope required a thicker feed pulp than the conical deck and less wash water. 


Table 10. Comparison of performances of conoidal (b) and conical (c) cement decks 
on revolving round tables at Anaconda 


Contour of deck Conoidal Conical 
Slope, inches per foot(@)............ ae 125 1.125 1.00 EQS, 
Tons of solid feed per 24 hr............. 62D) 6.9 6.9 7.0 
Per cent. of solids in feed...... SNR eS tas 9.9 9.9 Ono 9.8 
Assay of feed, per cent. Cu.......-..... 2.67 2.66 2.46 ZB 
Assay of concentrate, per cent. Cu....... 12.15 8.89 5.92 5.92 
Assay of tailing, per cent. Cu........... pipe 0.97 0.94 0.87 
RecoVenysuDen CONG otis: tne wiamtte ete ole 64.2 71.4 73.5 74.1 
Ratio of concentration. 2.7725. .e ees 6. Mek 4.7 3.3 3.4 
Water, fresh, gallons per ton of feed..... 2659 2535 2711 2967 


a On conoidal deck this is slope of chord of arc. 6 Diameter, 17 ft.; working radial 
length, 7 ft. 3 in.; speed, 1 revolution in 20.5 min. c¢ Diameter, 18 ft.; working radial 
length, 7 ft. 9 in.; speed, 1 revolution in 16 min. ' 


Cost of a conoidal cement deck on a 17-ft. table was as follows: Sand, 2890 lb. @ 17¢ 
per ton, $0.25; cement, 14 sacks (@ 93 lb. per sack = 1302 lb.) @ 70¢ per sack, 9.80; 
labor, 4 man-days @ $3.25, $13.00; haulage, $2.00; total, $25.05. 

On any given sector in position for concentrate removal the solid near the apex of the 
sector was coarser and richer than that near the rim, which shows the action of the round 
deck as a whole is not true film sizing but rather progressive deposition of the heaviest 
particles as the velocity decreases toward the rim after which film sizing removes the larger 
gangue particles. The deposit along the upper part of the slope was as high grade as could 
be made by re-treating the whole concentrate from the revolving tables on shaking tables, 
therefore the spray water was arranged so that the peripheral concentrate was first washed 
off as middling for further concentration and the rich upper streak was removed separately 
as finished concentrate. 

Slope affects recovery, grade of concentrate and capacity. It is interdependent with 
quantity of wash water, a flat slope requiring more water to produce a given grade of con- 
centrate than steep slope. On the other hand steep slope tends to lower recovery. Capac- 
ity is greater with steep slope. 

The Anaconpa tests showed that a slope of 1.25 in. per ft., for conical cement decks, 
was best for treating slimes containing 4 to 5 per cent. on 200-mesh: At less than 1.125 
in. per ft. excessive gangue deposited while with more than 1.375 in. per ft. tailing loss was 
excessive. Linoleum decks also gave best results at 1.25 in. per ft. The best slope for the 
conoidal deck was 1.125 in. per ft. measured along the chord of the are. Standard prac- 
tice in Lake SUPERIOR COPPER MILLS is 1.5 in. per ft. with occasionally as low as 1.25 in. 
per ft. in treating very fine material. Anaconda tried a 2-slope convex-conical table with 
the central 5 ft. sloped 1 in. per ft. and the peripheral 30-in. sloped 1.25 in. per ft. and 
1.25 in. drop at the line of change, but results were no better than on the conical deck with 
1.25-in. slope. 

Speed determines the horizontal component of velocity of particles and, therefore, fixes 
the radial velocity required to discharge products at the proper places on the periphery. 
High speed of revolution requires steep slope and much wash water; low speed, vice versa. 
In Lake Superior copper mills the speed on relatively coarse sandy feeds is 1 rev. per min. 
In some of the slime-testing work at ANaconpa 1 rev. per 100 min. was tried, but channeling 
occurred. Increase to 1 rev. in 19 min. eliminated channeling. One rev. in 4 min. was the 
speed for the 20-deck machines when run to make finished concentrate and tailing and a 
circulating middling. At Onr1o Copper Co. the speed of 20-ft. machines was 1 rev. in 
72 sec. 

Diameter affects the length of separating surface parallel to the flow of material and 
determines the allowable duration of feed. With small diameter the time required 
for the sheet of concentrate to travel from feed to tailing-discharge point is relatively 
short and duration of feed to a given section must be made correspondingly short 
by increasing speed of revolution. Greater diameter or less slope permits lower speed. 

Feed. lHarly practice was to send a sandy feed, say all through 0.38-mm., to round 
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tables, either removing slime ahead of the table or counting on the table to make some small 
saving from it, discarding the bulk. Shaking tables largely displaced the round table in 
sand treatment because of greater capacity, higher recovery, ability to make finished 
tailing and concentrate at one operation and ability to separate sand from slime. The 
round table was then applied only to slime treatment. It makes cleaner concentrate when 
sand is eliminated than otherwise. ANAcoNDA tests on concentrate showed that the part 
held on a 200-mesh screen assayed but 1.35 per cent. Cu while the undersize assayed 6.95 
per cent. On the other hand, the presence of semi-colloidal matter in the feed causes 
sulphide to be carried into the tailing. 

With slime feed the best pulp consistency at ANACONDA was between 8 and 12 per cent. 
solids. Thicker pulp was so viscous that separation was difficult while thinner pulp had to 
be fed so slowly that capacity was unduly reduced. Pulp consistency had little effect on 
recovery at On1o Copprr Co. (90 J 1107). : 

For roughing, the feed can be introduced over all of the surface except a small sector 
devoted to removing concentrate. When clean concentrate is desired, feed is distributed 
on one-half to three-quarters of the total surface. On the 20-deck Anaconda tables the feed 
was run onto 70 per cent. of the deck, dressing water on 18 per cent. and 12 per cent. was 
devoted to concentrate removal. : 

Water consumption depends upon the size of feed particles, grade of concentrate desired 
and slope and character of deck surface. Water is supplied with the feed, as dressing water 
at or near the center, and as spray water for concentrate removal near the periphery. 
The 20-deck, cement-surface tables at Anaconda, treating 6 to 7 tons solid feed per deck 
per 24 hrs., required 3 gal. dressing water and 6 gal. spray water per min. The feed pulp 
contained 10 to 15 per cent. solids. Coarse feed requires the most water; more water is 
required to make high-grade concentrate than for low-grade. Canvas decks require more 
water than cement. Linoleum decks require less water than cement; wood require more. 
Conoidal decks require less water than conical. Richards (7'B 377) gives the average water 
discharged per ft. at the periphery of 18-ft. tables in Lake Superior mills as 31.8 gal. per 
min. pulp water; 10.6, dressing water; and 9.5 spray water. 

Power consumption is about 0.15 to 0.25 hp. per deck for tables 15- to 18-ft. diameter, 
the lower figure applying to the multiple-deck tables. The 20-deck tables at Anaconda 
each had a 5-hp. motor and actually consumed about 3 hp. 

Attendance required is low, especially if the feed is regular. At Anaconda each opera- 
tor took care of four 20-deck tables. 

Capacity depends largely on the size of feed and slope of deck, being higher for relatively 
coarse feeds and steep slopes. At Laxn Suprrior mills 10 to 20 tons of relatively sandy 
feed are treated per deck per 24 hr., the decks rang- 
ing from 16 to 20 ft. diameter. Final figures on 
Anaconpa slimes were 6 to 7 tons per 24 hr. per 
19-ft. deck or about 45 sq. ft. of deck area per ton * 
of total feed, including 8 to 10 per cent. returned 
middling. At Onro Coppmr Co. a 20-ft. deck treated 
12 tons dry slime per 24 hr. and could treat 15 tons 
without crowding, making, however, only 2U per cent. 
recovery as against 54 per cent. at Anaconda. 

Recovery. Probably 40 to 50 per cent. is the 
average range of recovery on slime feed. Some Lakr 
Supprior recoveries have run as high as 80 per cent., 
making a low-grade concentrate. The average of all 
ANACONDA experimental work showed 54 per cent. 
net recovery of silver and copper in a concentrate 
assaying about 6.5 per cent. Cu from a slime feed 
assaying 2.25 per cent. Cu. Operation of 20-deck 
tables in April, 1913, yielded 51.6 per cent. recovery 
in the form of a concentrate assaying 7.02 per cent. 
Cu from a 1.95-per cent. feed. Tailing assayed 1.13 
per cent. Cu. 


Bartsch round table (Fig. 29) is a sub- 


stantially convex stationary circular buddle ecules © 
with a differential tangential bump applied (GC C2) 


AY, Gal 
VU Lae, 


ing deck. Diameter is 13 ft SS 
to the separating deck. Diameter 1s lot; 49 partsol eRe 
speed of spindle, about 0.5 r.p.m.; 100 to ising é a SGona Bo fants 
120 @ 3%- to 34-in. strokes per min.; power consumption, 0.25 to 0.5 hp. : 
water consumption, 12 to 35 gal. per min. according to the specific gravity 


of the gangue. (46 A 388.) 
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Jigs are mechanical concentrators that utilize the differences in falling rate 
of grains of different specific gravities and sizes, in a semi-fluid mass of solid 
particles suspended in water, in order to effect separation of the heavy from 
the light. The maximum practical feed-size for heavy ores is about 1.5-in.; 3-in. 
material has been handled, but not very satisfactorily. The average upper 
size limit at the present time is about 0.5-in. and the minimum about 1-mm. 
(0.04-in.), but for sizes below 2-mm. (0.08-in.) shaking tables (see Sec. 10) are 
better machines. The maximum feed size in coal treatment is 414-in., mini- 
mum -in. 

Jigs consist essentially of a screen which supports an ore bed that is brought 
into partial suspension at regularly recurrent intervals by means equivalent to 
a current of water forced upward through the screen. Following suspension 
the bed comes again to rest on the screen, either by settlement under the action 
of gravity alone or aided by subsidence of the water. The water currents 
are brought about either by moving the sieve in a tank of water (MOVABLE- 
SIEVE JIGS) or by moving water through a fixed sieve (FIXED-SIEVE JIGS). 
After a few repetitions of the pulsation-subsidence cycle, distinct stratification 
of the ore particles on the screen is effected, grading from heaviest at the 
bottom to the lightest at the top, and, if the screen apertures are large enough 
with respect to the particles treated, with the small heavy particles in the 
tank below the screen. Final separation of the material on the screen is 
effected by skimming off the surface layers and collecting the lowest layer, 
either manually or automatically by means of suitable contrivances. 


1. Principles of jigging 


Separation of heavy from light particles takes place during both of the 
oppositely-directed motions occurring in each cycle of the jig movement, 
due to difference in rising rate of the particles under the upward impulse of 
the water currents and difference in falling rate in the still or downward- 
moving water during the remainder of the jig cycle. During the upward 
movement particles of heavy mineral of a given size lag behind particles of 
light mineral of the same size, both because the heavy mineral is slower to 
start on account of its greater inertia and because its terminal velocity under 
a given upward impulse is less than that of the light. (See Sec. 6, Art. 1.) 
During this same part of the cycle all small particles rise faster and farther than 
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their larger companions because their inertia is less, their falling rate less and 

_their smaller size permits them to be freed more quickly from the interlocking 
effect of the settled bed. In their own size class, however, the tendency 
toward vertical separation is the same as that of the larger particles and the 
heavier lag behind. At the end of the upward movement the largest heavy 
particle in the mass has been lifted the least distance, the largest light-weight 
particle has been lifted a greater distance and the same distance as some smaller 
heavy particle; while the smallest particle of light mineral has been lifted 
farthest. When the upward impulse, called punsion, ceases, it is succeeded 
by a period during which the suspended: solid particles settle back into a mass 
on the screen. If this settlement is accompanied by downward movement 
of the water, the jig is said to be running with suction; otherwise it is said 
to be running with pulsion only. At the beginning of the settlement period 
the heavy particles settle most rapidly because the settling rate during accel- 
eration depends on specific gravity only. After constant velocities are 
reached, if there is time in the jig cycle for establishment of such a condition, 
the heavy particles of any given size settle more rapidly than the light 
particles of the same size and, so long as either free- or hindered-settling 
conditions obtain, there is equal settlement of particles of heavy and light 
mineral having diametral ratios in accord with the equation dz/dy = 
(64 — 6’)/(6z — 6’) in which dz and dy are the diameters of light and heavy 
particles respectively, 5, and 6, are corresponding specific gravities, and 
6’ is the specific gravity of the suspending fluid, being 1.0 for free-settling 
and, in hindered-settling, the specific gravity of the bed itself in a quicksand 
state. But experience shows that particles of heavy mineral very much 
smaller than would be expected from the above equation can be separated 
from light particles of a given size on a jig bed. This is due to the fact that 
when the bed compacts to an extent that the quicksand conditions of 
hindered-settling no longer exist, the large particles of light mineral are inter- 
locked and can no longer move downward, while small particles are still free 
to move down through the interstices between the larger and do so. This 
downward movement of the small particles is increased by suction, it may 
be to the extent that fine particles of light mineral are likewise drawn through 
the bed and screen. 

Simons (68 A 431) develops mathematically equations that represent the 
facts during the time that the bed is loose enough to prevent interlocking 
of the grains, but his work does not include consideration of the interstitial 
movement of fine particles. 

Starting with the fundamental equation h = 1%gt?, where h = distance of fall due to 
gravity, g = acceleration due to gravity and ¢ = time, he shows that for the first moments 
of fall in still water this equation becomes substantially h = 14g,t? where g) = acceleration in 
water. His assumption is that since the resistance of the water to the particle varies with 
the square of the velocity of the particle, the initial resistance, during the period of low par- 
ticle velocity, is relatively small and can be neglected and that acceleration during this time 
will, therefore, be constant. From this it follows that the falling height, 


gt? 
LUE a en 6S BG 
beag(S 1) 


where 6 = the specific gravity of the falling particle. Indicating particles of light and 
heavy minerals by the subscripts 1 and 2 respectively 


shasi 
hg — hy = Vogt? 6a:/| send ene erent: Wate baagesh. (2) 
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from which it appears that at the beginning of fall, which is the time that must be considered 
ina jig using short, rapid strokes, the ease of separation, measured by hg — hy, increases with 
difference in density of the particles and that the size of the particles does not enter. From 


this same equation it follows that, with the same ratio a ease of separation increases with 
2 
decrease in the absolute values of 6; and 69. 
For any pair of equal-falling particles whose diameters are dj (light) and dz (heavy) respec- 
tively, settling in still water, it follows from equation (1) that the respective falling heights 
during the first moments of fall are 


ae 
hy. =, 14982 ————— |, 
1= eg hihi 
and 
Prange 5 oj) eT 
do 69 
From the equal-falling postulate 
, Eid, Saya Ea SS) 
and therefore 
Ridi.dps ied boy baie doe een cesdd wh Miele di: A) 


From equation (3) it follows that dj > dz. Hence dy + dy(6; — 1) > dp + do(ée — 1) and 
d16, > ded2, therefore, hz > hi. This means that of two particles equal-falling under free- 
settling conditions, the more dense falls farther in the first moments of fall. 

The distance through which a spherical particle will fall in the first moments in a down- 
ward current of velocity, vg, is 


aa 
h= yan] ators = 208 


5 
4gd6 6) 
c being an empirical coefficient. From this equation it appears that h depends on the rela- 
tion between 3cv2g and 4gd. If subscripts 1 and 2 represent particles of unequal density, 
2 being more dense, then, for particles of equal size 

(59 — 61) 

——§— (4gd — 3cv2z). . 2. 2. ww... 
ne @) ©) 


ie hi 
The difference is a maximum when vg = 0, which means that jigging of equal-sized particles 
is most readily performed with no suction. 

When the particles are of the same density but different sizes, subscripts 1 and 2 referring 
to the smaller and larger particles respectively, 


3cr2 gt? (di — d: 
ho — hy = ete (Se *) Seal tude 
2 1 85 aa: whe oad) 


and hg — hy = O whenvg = 0. This indicates that there is no difference in the rate of fall 
of different-sized particles of the same density in the first moments of fall in still water. Tf 
there is any downward velocity of the water, he — hy, is negative, showing that the smaller 
particle falls more rapidly at first. When particles are equal-falling under free-settling 
conditions, the falling heights hy and he of light and heavy particles respectively during the 
first moments of fall are given by the equations: 


d\(6, — 1) 3cv24° 
my = 360t2 ( BF ah wousnines — aren 
: f dy 8} a 4gd, 5, ®) 
do(d2 — 1) 3cv2g 
hy = ¥6ot2 ( —}. PeMciesey MNT TS 0S 
Gi dg 52 x 49d 59 - @) 


Under the conditions postulated 
dy(61 — 1) = de(s: — 1). 


ne both sides of equations (8) and (9) by d14, and dyé2 respectively, it appears 
that 


hyd, 5; = hod So. 


Under the hypothesis 51 < 62, hence d; > dz. By the method of proof followed in dis. 
cussing equation (4), d;5, > d252 and therefore hg > hy. This indicates that with suctior 


and rapid short strokes, separation by jigging can be effected between equal-settling particle: 
obtained by hydraulic classification. 
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; Rittinger, reasoning on the assumption that jiggiag is a free-settling phe- 
_ nomenon (see Sec. 6, Art. 1), set up the rule that the ratio of the diameter 
of the largest light grain to that of the smallest heavy grain that should 
be jigged with it should not exceed that given by the equation dz/dy = 
(84 — 1)/(6, — 1) and continental jigging practice followed this rule closely. 
Munroe (17 A 637) investigated American practice and concluded that 
- its success in saving heavy particles much smaller than Rittinger’s rule indi- 
cated was attributable to the fact that free-settling conditions exist for a very 
small part only of the jig cycle, if at all, and that during the greater part of 
the cycle the effective phenomenon is movement of water currents in the 
irregular passages existing in the bed of relatively quiescent coarse particles 
settled and supported in substantial contact on the jig sieve. 


By experiments with spheres of different sizes falling in circular tubes Munroe developed 
the equation 
3 jE 
V= [1 - (4)? ] vac Ty eae <a) ite 0) 


in which V is the velocity, following the period of acceleration, of a sphere whose diameter is 
d and specific gravity 6 falling in water in a tube whose diameter is D. K is an empirical 
coefficient equal to 5.11 when d and D are taken in meters and V in meters per second. When 
the diameter of the sphere is less than one-tenth the diameter of the tube, its falling velocity 
is but little affected by the walls, but when d approaches D the falling velocity is much 
reduced. Maximum falling velocity in a given tube is attained by a sphere whose diameter 
is four-tenths that of the tube. Experiments with a mass of shot supported on a screen in a 
tube showed that these obeyed the same law as is expressed in equation (10), but that the 
falling velocity of the mass of spheres (7.e., the velocity of the current required to just lift 
them) is less than one-sixth that for a single isolated sphere of the same material. For the 
mass of shot the average value of d/D determined by substituting observed experimental 
values for V in equation (10)'was 0.892 and substituting this value in equation (10) reduces 
it to 

VisdOS8SW/ dhe 1) ng OCR Mec cece 4 eo (1d) 


Similar experimental work established the equation 
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as governing the fall of a large sphere when surrounded by a mass of much smaller spheres. 

In the bed of a jig treating a mixture of large light and smali heavy particles the large 
light particles will obey equation (12) and the small heavy particles, equation (11). The 
limiting case for separation exists when 


Viz = 0.833 Vdy(8H — 1) = Vz = 0.307 Vdz(6z — 1), 


from whichdz/dy = 30 for galena and quartz. This compares with the ratiodL/dy = 4 
under free-settling conditions. In a jig bed in which the interstitial channels were 1 mm. 
average diameter, the diameter of the most rapidly-moving quartz grain would be 0.4 mm. 
From equation (10), a 0.015-mm. grain of galena would have the same velocity. According 
to Munroe’s assumption, the largest grain of quartz that can move in these channels is 
0.89 mm., from which it would appear that with such fine materiala ratio of dy/dy = 
0.89/0.015 = 60 was allowable. Munroe further concludes that for fine jigging it is 
necessary to have this interstitial action and that it can be obtained only by the presence 
of larger material on the bed. 


Richards (24 A 409) tested Munroe’s work on interstitial currents by sorting 
tests in a hindered-settling glass classifier and concluded that while inter- 
stitial currents were effective in jigging, the ratio of diameters of quartz and 
galena particles that could be effectively treated together was 6, not 30 as 
determined by Munroe. The practical test of operations is, however, on 
Munroe’s side. 


Effect of suction. Tables 1 and 2 show: (1) The rapidity with which a separation by 
jigging can be made is greater the larger the differences in the specific gravities of the mater- 
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Table 1. Jigging tests on quartz and galena (Quartz 1.73-mm. (0.0683-in.) 
diameter in all cases). (After Richards) 


Time and number of strokes required to effect... . per cent. recovery of galena 
Size of Much suction Little suction No suction 
galena, 
mm. | 
Time, ea Per cent.| Time, ea Per cent.| Time, igs Per cent. 
seconds Tae recovery|seconds Bie alede recovery|seconds trated recovery 
eae 40 257 100 15 95 100 4 18 100 
1.09 45 302 100 60 384 100 10 50 100 
0.67 135 748 98 30 153 98 10 62 98 
0.50 60 337 99 40 210 99 60 368 95 
0.24 30 190 100 30 153 100 60 368 60a 
0.107 15 86 100 5 30 b CG (3 c 


a Balance in equilibrium with quartz. 6 Coarse all through; fine in equilibrium with 
quartz. c Not tried as it was recognized from the preceding tests that galena would rise 
to the surface of the quartz bed. 


Table 2. Jigging tests on quartz and sphalerite (Quartz diameter 1.73-mm. 
(0.0683-in.) in all cases). (After Richards) 


Time and number of strokes required to effect .... per cent. recovery of sphalerite 
Size of Much ti Littl ‘ N ” 
sphale- uch suction ittle suction o suction 
rite, 
eo Numb Numb. 
Time, ae T/Per cent.| Time, ee €T!Per cent.| Time, arc Per cent. 
seconds strokes /PeCOVeryY seconds wrens; recovery |seconds strokes [P°COvery 
1.73 420 2129 96 60 306 99 60 147 98 
1.09 360 1676 95 180 838 99 60 202 95 
0.67 360 1759 95 180 846 100 300 496 50a 
0.50 120 603 100 300 1382 98 b b b 
0.24 45 208 99 360 1729 97 b b b 
9.107 60 288 99 30 84 99 b b b 


a Reduced amount of water. 6 Failed with 0.67-mm. sphalerite, so not tried. 


jals jigged. (2) In jigging closely-sized feed, 
suction should be reduced toa minimum. This 
is particularly so when the difference in specific 
gravity is great. (3) Jigging without suction 
fails when the ratio of diameters of light to 
heavy mineral exceeds the free-settling ratio. 
(4) In jigging a feed in which the ratio of particle 
diameters exceeds the free-settling ratio the 
necessity fo. strong suction is greatest when the 
difference in specific gravity is least. (5) The 
galena tests (Table 1) indicate that heavy-mineral 
particles which are nearly equal-settling with the 
largest quartz are particularly slow-settling with 
heavy suction, due, probably to the fact that 


0 they get little advantage in free-settling and are 
0 10 20 3.0 4.0 5.0 60 7.0 809.0 100 too large to get through the interstices during 
Size in millimeters the suction period. The same phenomenon is 


shown in Fig. 1 (96 J 785). (6) The great 
changes in rapidity that occur in the heavy- 
suction tests in both series between the size; 


Fic. 1.—Efficiency curve of asingle- 
jig mill (after Roessler). 
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0.67- and 0.50-mm. indicate that the average diameter of interstitial passages in 1.73-mm. 
quartz lies in this range. 

Capacity of jigs is almost entirely proportional to the transporting effect 
of the horizontal current and to the fluidity of the bed. The more fluid 
the bed, the greater the transporting effect of a given horizontal current. 
The limiting requirement is that the finest material that is to be saved shall 
settle and have a chance to pass down into the bed. The cross current must 
not be so great that the bed is churned up. Transportive effect is increased 
by increase in volume of cross water and by the increase in velocity gained 
by increasing the drop between screens. The latter is the better method 
because it saves water and lessens the danger of carrying valuable material 
in suspension. Increasing the plunger stroke or the quantity of hutch water 
increases the fluidity of bed. Long plunger stroke is not allowable on fine 
jigs because it produces boiling. Capacity is proportional to sieve area; it 
increases with increase in width but increase in length has not so great an effect. 
The usual range on heavy ores is from 0.5 to 2 tons per 24 hr. per sq. ft. of 
sieve area in fixed-sieve jigs and 4 to 9.5 in the movable-sieve type. 


FIXED-SIEVE JIGS 
2. Harz jig 


Description. The Harz jig is shown in Fig. 2. It consists usually of a 
plurality of separate and independent rectangular hopper-shaped compart- 
ments, with the upper 
part subdivided by a 
shallow central parti- 
tion into a screen com- 
partment and a plun- 
ger compartment. The 
screen is fastened to 
grate (K), which is held 
in place on the lower, 
fixed liners by upper 
liners that are held in 
by wedges. Recipro- 
cation of the plunger 
causes flow of water 
through the screen. 
Feed enters the first 
screen compartment 
through slot (b). The longest plunger stroke and consequently the most 
rapid pulsation are maintained in this compartment. The heaviest particles 
settle to the screen, the finer particles pass through into the lower part of the 
compartment, called the Hurcu; the coarse heavy particles collect on the 
sereen until a bed is formed, when they pass under hood (F’) and over the lip 
into spout (J); light material passes over tail-board (C’) into the second 
compartment, where it is subjected to currents of lower velocity by means 
of which the heavier part of the remaining material is removed and the lighter 
goes on into the third compartment, etc. ; 

Design of Harz jig. The important points are: size and number of 
screen compartments, drop between screens, length and number of plunger 
strokes, size and placing of concentrate draw, sizes of timbers, height of tail- 
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Fig. 2.—Harz jig. 
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board, depth of longitudinal partition, design of plunger, kind of screen and 
grate, ease of changing screen and kind of hutch gate. 


Number of compartments depends upon the duty demanded and upon the size of mater- 
ial treated. If the jig is required to make one finished concentrate only, a single-compart- 
ment jig will do the work. If two concentrates of different minerals are to be taken but 
finished tailing is not desired, a 3-compartment jig is required; making clean heavy mineral 
on the first compartment, clean mineral of intermediate specific gravity on the third, a mid- 
dling product consisting principally of locked grains of the heavy and intermediate-weight 
mineral in the second, and a product over the tail board of the third compartment containing 
little or no free mineral but much middling. If clean tailing is likewise desired, from three 
to nine compartments will be necessary, depending upon whether one or two concentrates 
are to be taken and also upon the relative specific gravities of the gangue and valuable 
minerals, as well as upon the grade of tailing desired. For a one-mineral separation such as 
quartz-galena, three compartments will serve, if tailing requirements are not rigid, other- 
wise four; corresponding figures for blende-quartz are four and five. For two-mineral sep- 
aration such as galena and blende from quartz, five compartments will be required to yield 
relatively high-assay tailing to nine for low-assay tailing with ores in which the mineral is 
intimately disseminated in the gangue. The number of compartments necessary increases 
with decreasing size of feed. At CiausrHaL (100 J 426), jigging closely-sized feeds and 
making lead and zine concentrates and a tailing, a 4-compartment jig is used on the—11 
+2.8-mm. size and a 5-compartment jig for the —2.8 +1.4-mm. material and also for the 
classified sands —1.4 mm. 

Size of screen compartments depends upon the tonnage to be treated and is not capable 
of theoretical solution. The arna of the screen determines the cross-section of the stream 
of ore grains passing over the jig, with a given tonnage. The LENGTH of the screen deter- 
mines the time allowed for heavy grains to settle out of the horizontal carrying current, with 
a given forward velocity of this current. With a relatively short, wide screen surface the 
rate of travel is low, which compensates for the short horizontal travel, while with a long, 
narrow screen the rate of forward travel is high but time is afforded for settlement by reason 
of the correspondingly longer path. The depth of the bed, beyond a certain practical min- 
imum, (p. 678) has no effect on the character of the compartment overflow, but will affect 
the grade of concentrate taken. The wiptTs of the screen is limited by the difficulty of 
obtaining an even distribution of water in the screen compartment. The practical limits 
lie between 24 and 36 in. With the width fixed between these limits, the required area is 
obtained by increasing length. It is better to divide the screen transversely into compart- 
ments whose length is from 1.2 to 1.5 times the width than to attempt to get the required 
area in one or two compartments, even where the exigencies of mineral separation would 
not require the greater number of compartments. Such division increases the number of 
draw gates with consequent lessening of the distance traveled by the concentrate to a dis- 
charge port and also gives greater flexibility of operation by allowing closer regulation of the 
grade of material drawn. Large area is particularly necessary for close separation such as 
between a concentrate and a high-grade middling or between a low-grade middling and a 
tailing, particularly in the latter case where the low settling rate of the particles makes 
necessary that they be given a long time to reach the screen. 

Representative figures are given in Table 3. The limiting size of jig screen is reached 
when the jig members become so massive as to be unduly expensive and maintenance 
becomes difficult. The plunger rods on excessively large jigs break frequently and timber 
must be used extravagantly to prevent the sides from bulging and leaking. 


Table 3. Capacities of fixed-sieve jigs 


. Tons per 
Plant Ore ibe: eaeds square Pane 
mm. 
per 24 hr. 

Bunker Hill and Sullivan. .| Galena-siderite-quartz.......... 30 to 10 2.4 to 3.2 
OSCR NOS hesrrscnitnnte 6 Galena-limestone. ........,...+5 2 205 
Gehnamarif; 035.402) .4 Galena-limestone.............. 15-4 225 
Gennamarit oy Jala .29% Galena-limestone.............. 4-1 2.0 
Dalyedudees tc. a Siigcincis Galena-blende-quartz........... 10-5 4to5 
Clavsthal..< sto kelomcks htt Galena-blende-quartz-limestone. . 8-2 a hese} 
Wisconsintt saan Blende-chert-dolomite.......... 10-0 1:5-2 


Drop between screens has a material effect on capacity by determining the fall of the 
horizontal carrying current in the jig and its corresponding velocity and carrying power. 
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A jig with large drop can handle occasional rushes of feed without choking. A large drop 
churns up and loosens the bed at the head end with some corresponding effect on the entire 
bed while a small drop has little or no such effect. In old practice the drop averaged about 
1 in. and this figure is probably the best to-day for slow, close work on closely-sized feeds. 
For rapid work, on roughly sized or unsized feeds, from 2- to 3-in. drop is common. 

Height of tail-board determines the depth of the ore bed. This depends, in turn, 
on the size of particles comprising the bed, the kind of work that is being attempted, the 
grade of feed, and the difference in specific gravity between valuable and waste mineral. 
When clean concentrate is desired the bed must be deep; when clean tailing is sought and 
everything of any value is to be taken in the gate and hutch discharges a relatively shallow 
bed must be carried. When there is much valuable mineral in the feed the bed may be rela- 
tively shallow; with heavy valuable mineral and light gangue a shallower bed may be carried 
to obtain clean concentrate than when mineral and gangue are more nearly of the same 


_ specific gravity. Depth of bed is properly reckoned in terms of number of grains, bence 


for a given kind of service the actual depth will be greater for coarse feeds than for fine, but 
the depth reckoned in number of grains will be greater on a jig treating fine feed. In any 
jig making a gate draw the layer of concentrate must be at least three grains deep, if the cup 
is set at the minimum height, in order to insure exclusion of middling grains from the pen. 
This necessary minimum depth will be relatively greater the smaller the particles. The 
overlying middling layer constitutes the testing zone in which concentrate is separated 
and must be deep enough to prevent penetration by lighter grains during local disturbances. 
The required depth will vary from that of the concentrate layer to twice that figure. The 
surface layer need not be more than one grain deep, but limitation to this depth will require 
such a high surface velocity in order to move the desired tonnages that it will be difficult to 
attain complete settlement and saving of the difficult grains. The minimum depth for 
coarse feeds is, say, seven times the diameter of the larger particles constituting the gate 
discharge; better twelve, if clean concentrate is to be taken; the depth may be less with 
the coarsest feeds, if middling only is to be roughed out. With fine feeds (2-mm.) the mini- 
mum depth is about 20 times the grain diameter. With much top or cross water the 
bed must be relatively shallower in order to get rapid removal of values in a soft bed to 
counterbalance the rapid horizontal flow. 

Screen affects the action of the bed and determines the relative sizes of grains in gate 
and hutch discharges. The screen must be rigid, if boiling of the bed is to be prevented 
and a uniform thickness of concentrate layer is to be maintained. This requires that the 
screen be supported on a grate and tacked or wired thereto and that the grate bars be spaced 
with regard to the flexibility of the screen. The screen should have the maximum possible 
percentage of opening in order to obtain the highest fluidity of bed with minimum amount 
of water and also in order to obtain uniformity of water distribution and prevent boiling. 
The screen openings should be least at the upper surface, to reduce blinding. Punched 
plate has maximum rigidity and the most favorable shape of opening, it is easily cleaned 
by a scratching tool and is but little damaged thereby; but woven wire has the ‘greater 
percentage of opening in the fine sizes. Slotted punching, 46 X %-in. to %6 X %4-in., hit- 
and-miss endways, is preferred in Joplin. It is placed with the long dimension across the 
jig. It does not blind so readily as the round-hole, is more readily cleaned, and is stiffer 
for a given percentage of opening. Grates have been used to a considerable extent to 
replace screens in the mid-continent mills. Grates are usually made in sections, 6 in. 
wide by the length of the compartment, and with M6- to %{6-in. spacing. Osage orange 
wood is used for wooden grate bars because of its hardness and the fact that it does not 
swell and close the openings between bars. Wooden grates clog less than iron, because 
they are more smooth and more flexible; they also resist acid water. Life of wooden 
grates is claimed to be 8 to 12 months under hard service in acid water against two weeks 
for the iron grates. Grates have less percentage of opening than cloth or punched plate, 
but they are more rigid, blind less readily and are more easily cleaned. ; 

Size of aperture depends on the size of feed, the place that concentrate is to be taken 
and the grade of concentrate desired. Coarse feed requires and permits large apertures. 
Concentration through the screen requires larger apertures than concentration on the screen 
permits. If apertures are small, small particles will be kept on the screen, thus reducing the 
size of interstitial spaces in the concentrate bed. The result is to keep fine gangue out of 
the hutch concentrate and facilitate drawing down fine mineral. Hence a relatively smalle1 
aperture is used when clean concentrate is desired than when the principal endeavor is for 
clean tailing. With closely-sized feeds the screen aperture is made slightly less than that 
of the sizing screen preceding except that the jig-screen aperture is rarely less than 2 or 
more than 5 mm. With unsized feeds or feeds with a large range between upper and lower 
sizes, the aperture is determined to a considerable extent by the character of work desired 
and the minerals in the feed. In Wisconsin a typical set of screens on an 8-cell rougher 
jig, treating %%-in. lead-zine feed and making practically all concentrate from a cas 
is %, 346, 4, 4, %, 6, Xe, Ye-in. The screens on the following 7-cell cleaner had 34%, \%, 
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36, Ko, Xe, 4and %e-in. apertures. When a jig isrun to take all of the concentrate through 
the screen the aperture is made slightly larger than the largest particle in the feed 
and a bed of proper specific gravity, composed of particles larger than the apertures, is 
placed on the screen before jigging starts. In such practice at CLAusTHAL, with a feed 
between 2.8- and 2-mm. the screen apertures were 3- to 4-mm.; with feed 2- to- 1.4~-mm., the 
apertures were 2- to 3-mm.; four grades of sand finer than 1.4-mm. were jigged on and 
through 1-mm. aperture. 

Grids for supporting the screens are made of wood or cast iron. The slats are placed 
from 1 to 6 in. apart according to the amount of support required, and should run at right 
angles to the length of the jig so that they will be parallel to and not cause eddies in the 
plunger-water currents. Wooden slats should be beveled to an edge at the top to lessen 
the area of dead space above them. Where there is much acid in the water wooden grates 
are practically essential. Grids and screens should be readily removable. This can be 
done by making the screen-compartment liners in four pieces and holding them in place 
with wedges, as shown in Fig. 2, and making the hood (gate) also readily removable. Then ~ 
by having rings wired to the grate and a small grappling sling suspended from a tackle above 
the jig, a sereen.may be quickly removed with most of the bed in place and this can be sub- 
sequently dumped on the replacing screen, allowing the first to be cleaned or changed at 
leisure. Screens are frequently sloped 1 to 2 in. in their length toward the discharge end 
in order, by greater depth, to compensate for impoverishment and maintain uniform resist- 
ance to the water currents. 

Concentrate draws. The best known is the gate-and-dam shown in Fig. 3. Discharge 
is prevented until there is a sufficient bed of heavy mineral formed to seal the opening 

between the lower edge of the gate and the screen. When 
Pen or cup the dam is lowered discharge begins and continues until a 
( condition of equilibrium is reached, when the hydrostatic head 
NAAR 


of the column of heavy mineral (H) within the pen, when in 
partial suspension in the upward current and therefore free to 
flow, is just less than that of the composite column of heavy 
mineral, middling (1) and light mineral (Z) without, friction 
losses due to flow of the bed of heavy material across the screen 
and under the gate constituting a deduction from the head 
LA A A al st A hE of the bed outside the pen. With any given setting of the 
dam, increase in the amount of heavy mineral in the bed will 
Fic. 3.—Gate-and-dam cause corresponding increase in flow over the dam, decrease 
jig discharge. will cause cessation. This type of draw is usually placed at 
the front side of the screen compartment near the discharge 
end. Thus placed it requires that most of the concentrate shall travel at an angle 
more or less acute to the forward travel of the overlying bed as a whole, part of it 
at right angles and a certain part must actually travel against the stream, if it is to 
discharge. The result is necessarily some loss of free mineral over the tail-board of the 
compartment, but the most serious objection to this placing of the draw is met when con- 
centrate must be removed rapidly. Under these circumstances there is a steep slope of the 
surface of the concentrate layer down to the bottom edge of the pen. This results in boiling 
at this point and consequent contamination of the concentrate by material from the over- 
lying layers. This type of draw is sometimes placed at the discharge end of the compart- 
ment with the concentrate-discharge spout running in the compartment partitions. This 
placing is superior in so far as removal from the bed is concerned, but will give some trouble 
by clogging. Fig. 10 shows a pipe draw designed on the same principle. It makes the con- 
centrate travel in a less favorable path than the side draw. The portion of the jig bed 
adjacent to any draw is coarsest. This produces a “live spot” in the bed that will permit 
gangue to pass down into the hutch, and wear on the screen is 
greatest at this point, which aggravates the trouble. The size 
of the pen in discharges of the gate-and-dam type and of all ore 
passages should be sufficient to allow free movement of impounded 
material, z.¢., at least three times the diameter of the largest parti- 
cles, better more. There are a number of other draws whose 
fitness may be tested according to the method of analysis given. 
Hutch draw must be capable of close adjustment in order 
that suction may be carefully controlled. Such adjustment 
results in frequent clogging, hence the draw should be of such 
variety that it can be opened wide to remove such obstruction. 
When the ordinary pipe-and-plug spigot is used, the working 
plugs can be fitted into the center or bottom of a 6-in. plug, 
which is readily removed when necessary. The ordinary 
molasses gate, 114- to 3-in. sizes, is frequently used. Rotating 
slush gates (Fig. 4) are common when continuous hutch dis- Fic. 4.—Slush gate 
charge is to be maintained. for jig hutch, 
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Plunger is ordinarily made with the same area as the screen. This gives symmetrical 
construction, minimum velocity changes in the water currents, and readily understood 
adjustment. There is some advantage in making the plunger larger than the screen, which 
allows shorter plunger stroke and larger throat, thus producing a free action in the beds and 
reducing power consumption. For most effi- 
cient mechanical operation the plunger should 
fit its compartment as snugly as possible with- 
out binding. The usual fit is between Y%6 and 
346 in. clearance all around. Small plunger 
clearance creates strong suction and where this 
is undesirable a close fit must be compensated 
by plunger valves, otherwise excess back water 
must be used to cut down suction. A loose 
plunger requires a longer stroke.than one that 
is tight-fitting. Clearance must be greater 
when water is fed above the plunger than when 


introduced below. Introduction of water be- (A) (B) 
low the sieve is likely to cause collection of 
air under the plunger with consequent uneven Tic. 5.—See Table 4. 


action. Plungers are built up of five courses 

of 1-in. tongue-and-groove stock, thoroughly wet with good white-lead or asphalt paint, laid 
with alternating courses at right angles and closely nailed. The outer courses are cut 
shorter than the center to allow for rocking of the eccentric. Courses both sides of the center 
course are shortened about }{ in. all around to provide water packing. Eccentries should 
be of extra-heavy pattern with spherical sliding surfaces to prevent binding. They should be 
evenly spaced around the shaft. It is a convenience if they are graduated to show length 
of stroke. The bottom of the plunger should never rise above the sieve. 

Longitudinal partition. The position of the lower edge determines the changes in 
velocity of the water currents and thereby influences the distribution of water. The best 
position is with the distance from the lower edge to hutch walls equal to width of plunger 
and screen compartment. There is then minimum velocity change. The lower edge of 
the partition should extend at least 0.4 times the width of the sereen compartment below 
the screen in coarse jigs and 0.33 times in fine jigs (Richards). Table 4 shows what can be 
done by attention to these details and the penalty for failure. 

Jig box and frame. lI dimensions are substantially fixed by the rules already set down. 
The hutch product cannot be drawn clean unless the bottom is hoppered both ways to 
the draw valve. The usual practice is to carry the front wall straight down. The walls 
should be not less than 3-in. surfaced plank, except for very small jigs. Even with this 
weight there will be some bulging with long strokes if the compartments are long and the 
span of the planks correspondingly great. All planks should be carefully tongued and 
grooved or grooved and joined with close-fitting feathers, and the joints should be set in 
white lead. Transverse partitions should be dapped into the walls and the center-board 
dapped into the transverse partitions. Fig. 6 shows a cheaper method of wall construc- 
tion, using 2 X 3- or 2 X 4-in. scantlings set in paint and packed with wicking, then securely 
spiked. This is particularly suitable for bull jigs (Art. 5), which would require very heavy 
planking. Posts should be at least 6 X 6-in. better 6 X 8-in. in large jigs, with caps and 
sills the same width and one or two inches deeper. Mortise the posts into cap and sill, 
but provide for draining the sill joint. Transverse tie rods should be bored through the 
body of a transverse plank rather than let in in place of a feather, otherwise a difficult 
leak will occur: Strap bolts (Fig. 2) are easier to put in and just as satisfactory as through 
rods from cap to sill. Floor-space may be saved by placing jigs back-to-back, or face to 
face. Jig walls are sometimes built of reinforced concrete about 4% in. thick. (109 J 1116.) 

Transmission machinery. Shaft should be 27(6-in. minimum for fine jigs with com- 
partments up to 36-in. length; 3%6 will carry a long-stroke plunger on a 48-in. compart- 
ment. Pulleys should be keyed and set-screwed, and of ample face. Tight-and-loose 
pulleys should always be provided. Common flat boxes will serve but adjustable ball- 
and-socket bearings will pay for themselves many times over in ease of maintaining align- 
ment. 


3. Operation of Harz jigs 


The important operating factors are: length of stroke, number of strokes 
per min., screen aperture, depth of bed, size and character of bedding mater- 
ial, quantity of cross and back water, size and richness of feed, capacity and 
power consumption. These factors are closely dependent. Rate, size and 
richness of feed are fixed in any given case by the character of the ore and the 
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design of the mill; screen aperture, speed and depth of bed are parts of the jig 
design; the only variables within the control of the jig operator are length 
of stroke, character of bedding and quantity of water. 

Jig operation requires more skillful labor than other forms of gravity con- 
centration. Shut-downs should be as infrequent as possible, since it may 
easily require an hour or more to get back to good operating conditions after 
starting-up again. 

Length of stroke is directly dependent upon the number of strokes per 
minute, unless the latter are so few that there is an appreciable rest period 
between pulsations. In any case the length of stroke must be sufficient 
to produce a certain amount of fluidity in the bed, 7.e., it must be sufficient 
to cause the bed to be lifted and the grains spread apart enough to allow 
interstitial settlement. 


If the jig is running at relatively high speed, the length need not be so great as when 
low speed is used because of the greater velocity and hence greater lifting effect of the 
high-velocity current. For a similar reason length of stroke at a given speed need not 
be so great for light ores as for heavy ores. When the endeavor is to make clean concen- 
trate the bed should be maintained as compact as is compatible with the desired recovery 
by using a short and rapid stroke and pulsion should be accented by using a large amount 
of back water; on the other hand, when clean tailing is the desideratum, the bed should 
be kept loose by long, slow strokes and strong suction obtained by the use of little back 
water. The effect of reduction in back water is shown in Table 5 (17 A 637). A relatively 


Table 5. Effect of reduction of water on work of a fixed-sieve jig 


+0.25-mm. 0.25-0.125-mm. 0.125—-0.05-mm. —0.05-mm. 


Normal |Reduced| Normal |Reduced| Normal |Reduced| Normal |Reduced 
Product water water water water water water water water 


Percentages of total weight 


Hutch cone. 26 | 39 | 68 | 94 | 67 93 | 60 | 83 


short, rapid stroke with much back water is used for rich, heavy feed, while for low-grade 
feed, a long, slow stroke and little water are usual. Hence, a rougher jig requires a longer 
stroke, lower speed, and less back water than the corresponding cleaner. For separation 
of low-grade middling from tailing the usual practice is a long, slow stroke, shallow bed 
and a small amount of back water. This adjustment also has the result of overcoming the 
bad effect of the large volume of cross water on the later compartments. In the Wiscon- 
SIN ZINC FIELD the operators test for the necessity of change in stroke by increasing the 
specific gravity of bed; if this raises the grade of concentrate, stroke length should be 
decreased. 

With a given maximum size of particle, unsized feed requires a shorter stroke than 
sized feed because of the greater lifting effect of the water when the interstices of the bed 
are filled with fine material. Similarly a fine screen retains more fine material in the bed 
and shorter stroke can be used. High speed accompanies short stroke in order to maintain 
capacity. If a long stroke is used with unsized material, the bed is loosened so much that 
it boils and fine gangue is drawn down on the return stroke. If the bed becomes impov- 
erished, there is a tendency to mat and choke the sieves, hence with 'ow-grade feed, it is 
best to maintain a bed of coarse concentrate. Coarse feed requires a longer stroke than 
fine feed. Flat and thin pieces (floaters) require a short, rapid stroke, a thin, loose bed, 
and as little cross water as possible. Speed must be kept uniform or it will be impossible 
to hold a bed on the sieve. Excessive cross water must be avoided, if tailing loss is to be 
kept down and the jig beds are to be kept in good condition. Where large amounts of 
plunger water are required to keep down suction, there will be excessive cross water on the 
Jater compartments unless special means are taken to rectify the condition. Water may 
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be drawn off above the level of the bed. A long jig may be broken near the center and the 
“feed dewatered between the two parts, but this involves lost head room and increased 
floor space. 


Bedding, sometimes called raccine when not formed by the jig itself 
from the feed furnished, is the layer of heavy material lying at the bottom 
of the mass of grains on the jig screen. The word Bep is used indiscriminately 
to describe this layer and also the whole mass of grains on the sieve; ordinarily 
the context will make the usage definitive. The important characteristics of 
the bedding layer are its thickness and the size and specific gravity of the 
grains. 


The function of the bed is twofold: (1) to act in the fashion of a liquid seal for the 
concentrate cup, and (2) to serve as a screen when hutch concentrate is made. In the 
first case the desideratum is a semi-fluid whose specific gravity is greater than that of the 
grains to be excluded and not greater than that of the grains to be received. These require- 
ments are best satisfied by a bed consisting of grains of the same material from which 
concentrate is being made, and of mixed sizes so that the lifting effect of the water will be 
a maximum, with consequent maximum fluidity. Ifthespecific gravity of the bedding grains 
is greater than that of the concentrate to be made, excessive pulsion will be required to 
produce movement and this results in boiling of the overlying material and disturbance 
of the work of the jig. A similar result follows if the bedding is too coarse or of too great 
uniformity of size. \ 

The thickness of the bed is determined in part by the size of concentrate grains and the 
consequent setting of the concentrate cup, in part by the requirements as to cleanliness 
of concentrate, and in part by the specific gravity of the bedding grains. The bed must 
be thick enough to effectually seal the cup against the entry of low-grade material and 
this means, practically, that the surface should be three or four grains higher than the 
bottom of the cup, except in the case of the coarsest feeds, and from 0.5 to 1 in. higher in 
the case of fine feed. To make clean concentrate requires a deeper bed than otherwise. 

Beds of low specific gravity tend to bank up against the tail-board, hence, unless special 
precautions are taken such as inclining the screen against such flow or placing baffles across 
it at intervals, it will be necessary to use a thin bed with material of low specific gravity. 

When jigging through the screen the interstices in the bed determine the size of grains 
that can pass and, in conjunction with other operating features, the strength of suction. 
Bedding grains about three times the diameter of the maximum grain it is desired to draw 
down are provided. Maximum suction is attained with maximum interstices, hence 
coarser and more uniform bedding is used on the later sieves, where clean tailing is sought 
and the grade of hutch product is of minor importance. If the valuable mineral abrades 
readily, grains of more durable material of the same specific gravity are frequently supplied 
for bedding; thus iron balls or punchings or lead shot will form a satisfactory bed for mak- 
ing galena concentrate, pyrite or magnetite for chalcopyrite or blende, and feldspar for 
slate in coal jigging. On the later compartments of a jig the bedding grains are usually 
middling grains of proper specific gravity, but artificial bedding is sometimes provided. 
At CaLtumer anp Hecua middling grains were used to bed finishing jigs treating the hutch 
products of primary jigs that bedded themselves. If the bedding grains are much heavier 
than the concentrate, as, for instance, when iron slugs are used as bedding for pyrite or 
blende, the bedding is not lifted on the pulsion stroke and merely serves to decrease the 
sieve openings. 

An ore that makes a small percentage of concentrate requires a thick bed; a high-grade 
ore gives satisfactory results with a thin bed and heavy suction. 


Feeding. The principal requirements are that the feed rate be regular 
and that the material shall be spread evenly over the entire width of the 
screen. Automatic discharges for taking concentrate from above the screen 
respond slowly to changes in concentrate supply, with the result that a sudden 
increase in feed rate or metal content causes valuable mineral to pass over the 
tail-board, while sudden decrease will cause the discharge of low-grade mater- 
ial from the cup. When making hutch concentrate only, increase in feed 
rate will cause increased tailing loss, decrease will cause some lowering of 
the grade of the concentrate, but this will not be serious. Uneven distribution 


of feed puts the task of distribution on the jig with consequent decrease in 
capacity. 
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Power is dependent primarily upon sieve area, speed, length of stroke, 
depth and weight of bed. Wéard gives the formula, HP = AD2/5000, where 
A is the sieve area in sq. in. and D is the diameter of feed in mm. For esti- 
mates, 0.1 to 0.15 hp. per sq. ft. of total sieve area is safe. 

Water consumption varies with the size of feed, specific gravity of the 
minerals, depth of bed, size of screen aperture, number and length of stroke, 
and according to whether pulsion or suction is accented. Wiard gives the 
roughly approximate empirical formula, G = (DA)'%/3.03 where D is the 
diameter of feed in mm. and A is the area of screen in sq. in. and @ = gal. per 
min.; the result tends to be low. 

Three-compartment, 24 X 36-in. jigs treating 3-mesh lead-zine ore at Daty JupGE 
used about 11,000 gal. per 24 hr. treating 75 to 90 tons. Two-compartment, 24 X 36-in. 
jigs at Dor Run No. 3 mill treating classified feed used 30 gal. per min. each, treating 30 
tons per 24 hr. At GENNAMARI a 4-compartment, 36 X 42-in. jig treating —15 + 4-mm. 
lead ore required 100 gal. per min. for 45 tons per shift. Jigging — 3-in. blende, a 5-com- 
partment, 30 X 42-in. jig required 150 to 200 gal. per min. 


Performance. Jig settings used for the treatment of closely-sized lead-zine ores at 
CLausTHAL (100 J 425) are given in Table 6. Practice on a lead-silver ore at SILVER 


Table 6. Operating data on Clausthal jigs (Harz type) 


Size of feed, Strokes per |Screen aperture, Length of 
mm. minute mm. stroke, mm. . 
22 —16 120 4x 46 
16.11 140 4x 30 
11 - 8 160 2x 30 
8 - 5.6 110) Sr IS . ee 25 
5.6— 4 200 SEIS nicer 20 
4— 2.8 220 ex tranekeRgnare caskobs vous 15 
2.8- 2 240 3-4 13 
2 - 1.4 260 2-3 8 
Sand No. 1 280 1 5 
Sand No. 2 300 1 5 
Sand No. 3 300 1 5 
Sand No. 4 300 1 5 


x Concentrate taken from the screen. 


Kine Coa.ition is shown in Table 7. At Bunker Hitt anp SuLLIvAN material passing 
a 30-mm. screen is jigged in four sizes, viz.: —30 +15-mm., —15 +7-mm., —7 +3-mm. 


Table 7. Operating adjustments on Harz jigs treating closely-sized feeds 
at Silver King Coalition (116 J 370) 


Jig Size feed, Screen Revolutions Length of Product 5) 
number inches aperture(a) | per minute | stroke, inch 
1 14 to Ho 5-mesh 165 1 Gate discharge 
2 Ye to 46 4 215 % One gate, 1 hutch 
3 546 to 346 4 240 VW 2 hutch 
4 3{6 to 3-mesh 5 270 % 2 hutch 
5 — 3-mesh 5 280 46 2 hutch 


a Hutch-making compartments bedded with coarse lead concentrate. b Average assay of 
concentrate from jigs Nos. 1 to 4: 1st compartment: 42.4 oz. Ag, 59.6 per cent. Pb; 2nd 
compartment: 34 oz. Ag, 32 per cent. Pb. Sand jig (No. 5): 1st compartment: 31 oz. 
Ag, 53 per cent. Pb; 2nd compartment: 11 oz. Ag, 15 per cent Pb, 26 per cent. Fe. 


and —3-mm. de-slimed. The bull jig (30-mm.) has four compartments, 25}4 X 33¥4-in., 
fitted with 5-mm., 15-gage round-hole plate, life, 30 days. The jig makes 150 @ 1144-in. 
strokes per min. Treating feed carrying 8.3 per cent. lead and 50 per cent. moisture at 
the rate of 96 tons per 24 hr. it produces a middling assaying 18 per cent. lead from the 
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cups, and a tailing assaying 0.86 per cent. Pb. The beds are 6.5 in. deep. 
Attendance, twelve machines per man. 


tion, 850 gal. per min. 


Table 8. Sizing-assay test on combined hutch 
products of classifier jig at Bunker Hill & 
Sullivan mill. (After Caetani) 


Per cent. Assay, 
Sereen, mesh weight per cent. Pb 
On 20 3. 2 82.1 
40 16.8 67.7 
60 14.2 50.3 
80 19.2 42.7 
100 12.6. seo 6 
150 13.4 42.7 
200 7.6 49.4 
Through 200 13.0 58.8 


consumption, 624 gal. per min. Twelve machines per man. 
8; tailing, 1.2; concentrate, 70; middling, 10. 


size as the preceding with 8- mesh 
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Water consump- 
Lost time, 0.009 per cent., 
due to changing screens and liners. The 
(15-mm.) jig is 4-compartment, 25144 X 
3314-in., fitted with 3-mm. round-hole 17- 
gage plate on all compartments; life of 
screens, 30 days; speed: 200 @ 1-in. strokes 
per min. with 5144-in. beds. The feed carries 
50 percent. moisture. Water consumption, 
850 gal. per min. Feed rate, 48 tons per 
24 hr. One man attends twelve machines. 
Assays, per cent. Pb: Feed, 14; tailing, 1.5; 
concentrate, 60; middling, 11.0. The (7- 
mm.) jig-is 4-compartment with the first 
compartment 2514 X 37-in. and the others 
25% X 33%-in.; 6-mesh, No. 16 or No. 17 
brass wire screen is used and lasts 180 days. 
Feed contains 50 per cent. water. Speed, 
225 @ 34-in. strokes per min. with 414-in. 
bed. Feed rate, 72 tons per 24 hr. Water 
Assays, per cent. lead: Feed, 
The (3-mm.) jig is 4-compartment, same 


hans Table 9. Sizing test of hutch products of classifying 
Aen a. wire screens jig, Bunker Hill and Sullivan Mining Co. (After 
tween 3-mm. and 20-mesh (0.833- Caetant) 
mm.) and contains 50 per cent. 
water. Feed rate, 48 tons per 24 Hutch number 1 2 RQ 4 5 
hrs. Water consumption, 624 gal. 
per min. Speed, 250 @ \-in. 
strokes per min. with 4%-in. bed. Size Per cent. weight 
Assays, per cent. Pb: Feed, 7.5; 
tailing, 1.5; concentrate, 75; mid- +20 6 27 31.5 51 91 
dling, 8. One man attends twelve +60 52 29 54 40 9 
machines and in case of all jigs —60 42 44 wine 9 
controls the water supply and con- Peskeontaseb etl rk fiend cions 
centrate-discharge rate. The old stall uiaeileas5ok ts ob 14 8 5 
practice at this mill (2 MM 364) 


was to make two sizes only for 
jigging, z.e, —30 +10-mm. and 
—10-mm. A 4-compartment bull 


a Can make 75 per cent. lead but causes heavy wear 


on bedding. 


jig of the same size as at present treated 60 to 80 tons per 24 hr. with 155 @ 15-in. strokes 
per min. and from a feed carrying 10 to 18 per cent. Pb made concentrate assaying 52 to 


Table 10. Sizing-assay test of classifying-jig tailing, 


59 per cent. from the first cup, 40 per 
cent. from the second cup, middling 


Bunker Hill and Sullivan Mining Co. (After assaying 8 per cent. from the third and 

Caetani) fourth cups and tailing assaying 1.0 

to 1.4 per cent. ;A 5-compartment 

4 classifier jig treated the 10-mm. under- 

Size Per cent. Assay, |Cumulative] size. It had 2-mm. plate on the first 

weight |percent. Pb) per cent. two compartments and 3-mm. plate 

on the others. Speed was 225 @ %-in. 

7-mm 31.2 iN , 25.5 strokes per min. Concentrate from 

: 43 z : a Be @ the first cup assayed 65 to 73 per cent. 

: : . lead; second cup, about 40 per cent.; 

10-mesh 24.2 1.61 83.0 third and fourth cups, about 10 per 

20 11.6 1,24 4 7 cent.; fifth cup, 5 per eent.; slime over- 

40 0.7 1.20 93.5 flow from the first compartment, 14 per 

e5 oe at 94.6 cent.; first hutch, 55 per cent.; second 

28h; oe sha paée hutch, 30 per cent.; hutches 3 to 5 

ie0 a3 29 ass combined, 7 per cent.; tailing, 1.4 to 

300 mo 3 is ob 1.8 per cent. Table 8 is a sizing-assay 

Foi a Peis Mi ; vest of the combined hutch product of 

: : s this jig, showing a characteristic dip 

in assay values in the middle sizes. 

Potalliace May. see 1.45 Table 9 shows the particle-size dis- 
tribution 


in the various hutches. 
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Classification of No. 1 hutch product in a free-settling classifier yielded a spigot product 
containing 77 per cent. lead and an overflow containing 49 per cent.; corresponding figures 
for the second hutch were 60 per cent. and 12 per cent. Table 10 is a sizing-assay test of 
the tailing from the same jig. At Fepmrayt MiInrtna AND SMELTING Co., Morning mill 
a feed all passing 1-in., 30.5 per cent. on 12-mm., 68.3 per cent. on 4-mesh and 1.2 per cent. 
on 6-mesh, containing 42 per cent. water, was treated on a 2-compartment 18 X 34-in. jig. 
fitted with 5-mm. punched plate. Speed was 158 @ 1.5-in. strokes per min. Bed, 6 in, 
thick. Tons per 24 hr., 200. Power, 1 hp. One man attended 6 jigs, 6 rolls, and the 


- accompanying trommel equipment. He controlled stroke adjustment, water regulation 


and thickness of bedding. Lost time amounted to 0.05 per cent., principally due to screen 
changing. Life of screens was 90 days. Feed assayed 6.5 per cent. Pb; concentrate, 45.0; 
middling (no tailing), 4.5. Table 11 is typical of the lead-hutch concentrate to be expected 


Table 11. Sizing-assay test on jig lead concentrate, Broken Hill—Central 
Mine (28 IMM 19) 


Assays 
Screen, Weight, 
mm. per cent. 
INepate 1246). Zn, 
per cent. per cent. 
+40 43.8 37.6 68.4 7.3 
60 13.4 35.2 70.0 4.0 
80 15.0 32.4 66.8 4.3 
100 TP) 26.6 60.8 6.0 
120 3.4 27.2 58.2 5.8 
150 5.9 24.8 51.4 7.4 
200 3.1 27.2 55.0 OD 
— 200 U8 30.2 54.8 9.3 
Potala re. tte states eee. 33.8 64.2 6.5 


Note—Feed is de-slimed material through \%-in. screen. 


in jigging a fine feed containing both lead and zine. On this type of ore at VAN Ror MILu 
(101 J 464) jig feeds average 5 per cent. Pb, 7 to 15 per cent. Zn and 10 to 20 oz. Ag; jigs 
treating sized feeds at 16, 10, 7, 4 and 3-mm. make tailing averaging 0.5 to 1.0 per cent. Pb, 
3 per cent. Zn and about 3 oz. Ag; lead concentrate assays 60 to 70 per cent. Pb, zinc con- 
centrate about 40 to 45 per cent. Zn. About 70 per cent. of the tailing in this mill is made 
on the first four jigs and 20 per cent. on the finer jigs. Table 12 gives operating data on 
jigs treating complex lead-zine ores at U. S. SmMeutine, Rerinrinec AnD MininG Co., Mid- 
vale plant. At GENNAMARI, Sardinia (100 J 794) coarse jigs treat —15 + 4-mm. material 
and fine, —4-+1-mm. The coarse jigs are 4-compartment, 36 X 48-in., making 1 ton 
of 55-per cent. Pb concentrate from the first cup and hutch, 20 tons of 5-per cent. middling 
from the last three compartments and 24 tons of tailing with a trace of lead, per shift. The 
fine jig is 5-compartment, 31 X 43-in., treating 40 tons, half primary and half re-ground 
middling, per shift, making 1 ton of 65-per cent. concentrate, 4 tons of 5-per cent. middling 
and 35 tons of tailing with a trace of lead. Table 13 shows highly efficient practice in jig- 
ging fine material but the high metal content in the finest size demonstrates one reason why 
tables and other concentrating processes have replaced jigs in treating fine feeds. Table 
14 shows the results of re-treatment of the fine lead concentrate from the preceding opera- 
tion. Treating a TUNGSTEN ORE consisting of ferberite in quartz and granite gangue 
(101 J 717), assaying 0.75 to 1.5 per cent. tungstic oxide, sized to —0.5 + 0.25-in. and 
—0.25-in., in a 2-compartment jig with 18 X 30-in. sieves, making 110 to 200 @ 1.25- to 1.5-in. 
strokes per min., with a 4-in. bed on 12-mesh screen, feeding at the rate of 6 to 10 tons per 8 hr., 
concentrate from the first screen assayed 50 to 55 per cent. tungstic oxide, second screen, 
30 per cent. and hutch 1.5 to 3 per cent. Concentrate was skimmed by hand. The second 
concentrate was sometimes thrown back on the first screen. Water consumption was about 
150 gal. per min. At Cananwa 17 @2-compartment double concrete jigs, 24 X 36-in., 
were used to treat a feed sized between 3{-in. and 100-mesh. The jigs were fitted with 
5-mesh, No. 14-brass-wire screen (life 50 days), and carried 4-in. beds. Speed, 170 @ I-in. 
strokes per min. One hp. ea. Feed rate, 70 tons per 24 hr. Water, 240 gal per min. One 
man attended three machines. Lost time, 0.25 per cent., due principally to changing screens. 
Assays, per cent. Cu: Feed, 1.60; tailing, 0.9; concentrate, 3.5. A one-compartment, 
18 X 28-in. jig treating a DISSEMINATED COPPER ORE sizing 3.9 per cent. on 10-mesh, 5.4 on 14, 
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Table 12. Harz jig operations at U. S. Smelting, Refining and Mining Co., 
Midvale Plant 


Simmumbern. ew asa .. AS SRE 


SRSReEaE 


Sieves, material 


Woven-wire cloth bolted to cast-iron frame 


Aperture, in.: 
(WOmMpPaALbMeNd LE vaee ce cine onc arses 
Compartments 2 and 3.......... 
Wifes Cay Sthec tts anc stereo cis soln els habe 
Power CONSUMISG, ADA eave pe consnedc=m neon 
Speed, Lap Tasos. won aes kw! so Sse bee ea 
Length of stroke, in.: 
Gomipantinental...... cBweche.cissassiscmnsanitten 
C@omparement; 2 ..hs cusp = ocd 
Comparsment 3 jess 4 oem 
Tons-solid per 24dhrs Jot, ee Tee. 


0.252 | 0.145 | 0.095 | 0.087 | 0.087 | 0.087 
0.198 | 0.145 | 0.095 | 0.087 | 0.087 | 0.087 
105 89 72 69 74 76 
2.5 2 2 2 2 2 
190 217 248 278 252 264 
24 Xe ne “6 M4 4 
4 Vie Kio 4 % rf 
M6 He Hie Y Y Y 
130 100 95 80 70 70 


Attendance 


Percentage of lost time.............. 


Principal cause of lost time 


Water consumption, gallons per minute 
Thickness of bed; ites... ces et ee ws 


Sizetoftfeed sin’, 2 289.1 At Aa, J 


Percentage of moisture in feed....... 
Assayroideed) Pia) neut: da: G86 cen 
Assay of feed 22m (@) siGad Sld.ee diss 
Assay of concentrate, Pb(a@)......... 
Assay of concentrate, Zn(a@) ......... 
Assay of middling, Pb(a) ........... 
Assay of middling, Zn(a)............ 


15 | 15 | ‘Genes 1.25 105 L425 
Repairs and cleaning screens 

70 60 52 49 47 49 
6-7 5-6 4.5-5 4.5 5 4.5 
0.3- >|.0.18= | 0.087= ~0.053 0.053- | 0.053- 
0.135! 0: 087.) 0.053 0.036 | 0.036 
33 30 34 38 40 43 
8 8.5 S35 12.0 12..0 12.0 
7.5 725 eo) 8.5 8.5 8.5 
22 22 22 26 26 26 
5.6 5.6 5.6 4.5 4.5 4.5 
3.5 5 4.5 8 8 8 
9.9 9.5 10.0 10 10 10 


Note—All jigs 3-compartment, about 


23.5 & 35.5-in. sieves. 


a Extremely variable; averages only given. Thickness of bed and regulation of 


hutch water left to operator. 


Table 13. Distribution of galena on fixed-sieve jig, treating galena-limestone ore 


aS. Per cent. Aen Hutch, Bed concen- Tailing, 
4 ; weight per cent. Pb per cent. trate, per per cent. 
lead cent. lead lead 
All through 6-mm. j 
On 1.0 41.1 GrB2eogel) -. dase 16.20 1.06 
0.25 29.6 9.10 74.0 7.97 0.96 
0.125 9.3 13.81 Gok PAT al oy ant ae ae Oi. Fis 
0.083 LS 12.93 LAS) fvalia Svoksre and 1.09 
0.05 252, 7.84 SiS! ooamllse: warhe seucuercs 1.74 
—0.05 16.3 Lee? UG tas os ceed. omt eas 6.07 
Totalgineqiton-ana. 100.0 8.93 22 23 16.54 tbe) 
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6.8 on 20, 14.6 on 28, 14.5 on 35, 11.4 on 48, 6.8 on 65, 5.9 on 100, 3.1 on 150, 1.8 on 200 
and 25.9 per cent. through 200-mesh, at the rate of 225 tons per 24 hr., made concentrate 
assaying 31.8 per cent. Cu and tailing, 2.78 per cent. from feed assaying 4.20 per cent. 
Speed was 245 @ %-in. strokes per min. Water 42 gal. per min. in the hutch and 81.6 
per cent. moisture in the feed. Two-inch bed. Four machines per man. At CxHINo 
ConsoLipATED CopprrrR Co. a 3-compartment 24 X 36-in. jig was used to treat middling 


Table 14. Operation of Harz finishing jigs on roughing-jig concentrate, 
St. Joseph Lead Co. (Munroe, 17 A 659) 


Feed Hutch, assay per cent. Pb Esiliag 
Size SEG 
. per cent. 
Weight, | Assay, Ist 2nd 3rd Pb 
per cent. |percent. Pb 
+0.25-mm 8.9 40.99 ( 3.94 
0.125 43.6 16.76 7 j 1.02 
0.05 13.3 16.40 ca eke ee 0.62 
—0.05 34.2 SIE 5S le 11.97 
HHotalecwes eee se | ts eee le 24.75 Average 3 hutches, 74.0 5.24 


from Wilfley and Butchart tables; average size, 6 per cent. on 10-mesh. Jig screens were 
woven brass wire with 0.67-in. opening and lasted 60 days. Speed 190 @ %4-, 5- and \%- 
in. strokes per min. 3.5-in. bed. 100 tons per 24 hr. Water, 75 gal, per min. in hutch 
and 75 per cent. moistureinfeed. 3hp. Onemanattended 10 machines. Assays, per cent. 
Cu: Feed, 6; tailing, 2; concentrate, 15. 


4. Cooley jig 


Description. This is a variant of the Harz type used extensively in the 
mid-continent zinc fields. The only essential difference from the ordinary 
Harz jig lies in the fact that the jig is almost always used to make hutch 
only and no screen discharge is provided. Coarse concentrate and middling 
are shoveled off intermittently as operation demands. Attempts to run 
with continuous draw of bed concentrate result in hard beds with impaired 
jigging action and the discharge of a large amount of low-grade material. 
If the amount of coarse concentrate and middling is large, it is usual, in the 
case of the middling at least, to use a coarse screen and jig through an arti- 
ficial bed, using long stroke, low speed, shallow bed and high drop between 


screens. 


Construction. The usual method of construction is cheap and highly efficient. The 
floor is built up of 3 layers of 1-in. T-and-G boards laid in white lead or asphalt paint and 
nailed flat; walls and partitions are 2 x 4-in studs, dressed, laid flat and nailed, with two 
strips of cotton wicking, saturated with white lead, laid between. ‘The front of the hutch is 
stepped out 8 to 10 in., then carried up straight. The walls of the plunger compartment are 
carried up to give support to the journal boxes and to prevent splashing. The entire jig is 
lined with 1-in. boards and these are also used to form a sloping bottom for the hutch. The 
usual sizes of screen compartments are from 20 to 42 in. wide by 24 to 48 in. long with 6- to 9- 
in. tailboards on the first compartment ranging down to 5- or 6-in. on the last. Practice as 
to depth of bed varies. A deep bed requires much water, which sends fine free mineral to 
the later cells. These are made hard by the swift flow of excess top water and as a result 
the fine mineral goes into the tailing. Excess top water in the tail end of the jig may be 
eliminated by breaking the jigin two and de-watering before the last cells. A common 
drop in the 30 X 36-in. size is 134 in. Ina 42 X 48-in. jig at the Mwpra Miz, a 3-in. 
drop was used. Rougher jigs are run at 90 to 125 @ %- to as much as 2}4-in. strokes 
per minute; cleaners at 160 to 200 @ %%- to 34-in. strokes, and sand jigs at 150 to 
190 @ %- to %-in. strokes. Some mills use special cHAT s1as of 4 to 5 cells run at higher 
speed and shorter stroke than the cleaner jigs. Typical adjustments are shown in Table 15. 
In some cases the drive shaft is in two sections and the head end is driven at 20 to 30 r.p.m. 
less than the tail end. Punched-plate screens are commonly used. The sieves are sloped 
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downward toward the tailing end, as much as 1 in. in their length, in order to compensate for 
the greater weight of concentrate at the head end and prevent uneven water distribution. 

Number of compartments. Jigs used to make clean concentrate and tailing on %%-in. or 
54-in. screen undersize (one-jig mills) are 7- to 9-compartment. In such a jig, cell No. 1 
is used for clean lead concentrate, cell No. 2 makes a lead-zinc middling that is either circu- 
lated or re-ground; cells 3 to 5 produce clean zinc concentrate and, in a 9-cell jig, cells 6 and 7 
are also used to make clean zinc; the last two cells produce middling for re-grinding. The 
greater number of cells is used for high-grade feeds or with ores containing much lead; in 
the latter case cell No. 3 may also make middling and cell No. 4 may be the first zine cell. 


Table 15. Operating adjustments on Cooley jigs treating Wisconsin lead-zine 
ores (104 J 89) 


Cell Revolutions + Sereen Stroke Depth of Pitch of 
number per minute | aperture, inch | length, inches} bed, inches | bridge, inches 
8-cell rougher jig, 30 X 36-in. 
1 115 \% 134 6 4 
2 115 346 1 6 34 
3 115 4 1% 6 34 
4 115 BA 1144 6 34 
5 125 \y% 14% 6 34 
6 125 46 1% 6 34 
7h 125 36 1% 6 34 
8 125 He 1%6 5 34 
7-cell cleaner, 30 X 36-in. 
1 220 342 Ko 6 3% 
2 220 % Hs 6 34 
3 220 Ko 6 6 34 
4 240 346 % 6 34 
5 240 346 3% 6 34 
6 240 \% % 6 34 
7 240 346 Yo rf yy 
| 


Single-jig treatment is suitable only for low-grade, coarsely-disseminated ores low in lead. 
If there is much lead it will appear in the zine concentrate. With the 2-jig arrangement 
the combined hutch products of the first or rougher jig carrying 10 to 25 per cent. zinc, locally 
called smiIrTEM, are.sent to the cleaner. Tailing is discarded. Table 16 shows typical 
feed and tailing of a rougher jig. Some, but very little blende finer than 200-mesh is caught 
on these jigs and about 30 per cent. of the zinc in the tailing is this fine material. Finished 
concentrate, assaying 75 to 80 per cent. lead, is taken from the first hutch of the cleaner, the 
second hutch is sent back to the head of the cleaner, hutches 3 to 6 are clean zine concen- 
trate assaying 50 to 60 per cent. zinc, and hutch 7 is returned to the head of the cleaner or 
re-ground, depending upon whether the values are free or locked mineral. The latter mater- 
ial is locally called cuar and assays from 4 to 8 per cent. zinc. Table 17 gives typical 
sizing-assay test on cleaner-jig zinc concentrate. The cleaner tailing is either thrown away 
or sent to a sand jig of 3 to 5 cells, usually of smaller grate area than the cleaners, 

Operation. All jigs are run with strong suction, which is enhanced by leaving the hutch 
gates partly open. To make rich lead concentrate requires high-grade feed. There is an 
advantage in sending the first rougher-jig hutch to a small separate jig, otherwise it is neces- 
sary to build up the grade of the cleaner feed by circulation of the lead concentrate. Water 
consumption ranges from 800 to 1200 gal, per min. for a 7- to 9-cell jig. A common figure 
for estimate is 1500 to 2500 gal. per ton treated. The capacity of a rougher is from 8 to 12 
tons per sq. ft. of screen surface per 24 hr.; for a cleaner 3 to 4; for a single-jig mill, 4 to 5 
tons. 'd 

Performance. JopuLin pisTRicT (57 A 446): Rougher jig on sheet-ground ore: Feed, 
2.85 per cent. Zn; concentrate, 25.5 per cent.; tailing, 1.10 per cent. (dewatered 0.70 per 
cent.); recovery, 64.17 per cent. On lower-grade ore: Feed, 1.13 per cent. Zn; rough 
concentrate, 15 per cent.; tailing, 0.50 per cent. (dewatered, 0.38 per cent.); recovery, 
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57.67 per cent. Hard ground other than 
sheet: Feed, 1.20 per cent. Zn; rough 
concentrate, 9.57 per cent.; tailing, 0.55 
per cent. (dewatered, 0.34 per cent.); 
recovery, 57.47 per cent. In general 
clean concentrate assays 50 to 60 per 
cent. Zn; the locked middling particles 
from rougher and cleaner jigs combined, 
4to8percent. In the Wisconsin pis- 
TrIcT (111 J 1065) the average recovery 
from 1.75-per cent. Zn feed is 55 to 60 
per cent. in a 48-per cent. concentrate; 
tailing averages about 0.6 per cent. Zn, 
of which the part on 10-mesh runs about 
0.4 per cent. Zn, the +40-mesh, 0.95 per 
cent., and slime, 8 per cent. On 6-per 
cent. feed through %%-in., jig mills in this 
district make 65 to 70 per cent. recovery 
in a 45- to 50-per cent. concentrate carry- 
ing less than 3 per cent. CaO ; about 75 
to 80 per cent. of the concentrate is + 20- 
mesh. At AmErRIcAN Zinc, LEAD AND 
Smettine Co. mill at Mascot, Tenn, 
bull jigs, rougher and cleaner jigs and 
sand jigs are used. The bull jig is 3- 
compartment, 36 X 48-in., fitted with 
10-gage steel-plate round-hole screens 
with 0.5-in. aperture (life, 185 days). 
Speed, 82 @ 2-, 1.75- and 1.5-in. strokes 
per min. Feed, 300 tons per 24 hr. 358 
gal. wash water per min., 8- to 12-in. 
beds. Power consumption,9 hp. The 
feed is tailing of a 6-cell rougher jig, all 
through 0.5-in., dewatered to 34 per 
cent. moisture on  X I-in. Rek-tang 
screen. Allhutches arerunopen. One 
operator attends 4 machines. Assays, 
per cent. Zn: Feed, 1.25; tailing, 0.8; 
middling (no concentrate), 3. The 
rougher jig is 6-compartment, 32 X 44- 
in., fitted with 14-gage punched-slot 
steel plate, apertures 4% X 1-in. (life, 92 
days). Feed is all through 0.5-in. aper- 
ture and contains 37 per cent. water. 
Speed, 110 at 1 %-, 1 %-, 14-, 14%-, 1%-, 
and 13-in. strokes on the 6 compart- 
ments respectively. The beds are 8 to 
10in. deep. Wash water, 460 gal. per 
Iin.; power, 18 hp.; feed rate, 600 tons 
per 24 hr. Assays, per cent. Zn: Feed, 
3.8; tailing, 1.25; middling (no concen- 
trate), 7.0. One man attends 2 machines 
and regulates plunger water and thick- 
ness of bed. The cleaner jig takes the 
middling from the rougher. It is 7-cell, 
28 X 42-in., fitted with cast-iron grates 
with %2- and Me-in. slots (life, 50 days). 
Speed of the first four plungers is 180 
T.p.m. and of the last three, 200 r.p.m. 
Stroke lengths from head to tail end are 
%, 4,4, 4, 4, hand %in. Beds 
are 7.5 in. deep. Feed rate, 200 tons 
per 24 hr.; 68 per cent. moisture in feed; 
552 gal. per min. of water added; power 
consumption, 21 hp. One man attends 2 
machines. Assays, per cent. Zn: Feed, 
15; tailing, 4; concentrate, 62. The 


Sizing-assay tests of feed and tailing of Cooley rougher jig treating zine ore 


Table 16. 


COOLEY JIG 
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3-compartment, 28 X 42-in. sand jig treats re-ground middling passing a Y%-in. trom- 
mel, It is fitted with cast-iron grates, 4o- and 2-in. slots (life, 60 days). Speed, 200 @ 
3%-, %- and 14-in. strokes per min.; 7.5-in. bed; 150 tons per 24 hr.; 9 hp. Feed contains 
85 per cent. water and new water is 391 gal. per min. One man operates 4 machines. 


Table 17. Sizing-assay test of zine concentrates from zinc compartments in a 
Cooley-type cleaner jig in a Joplin mill (107 J 458) 


| No. 1 cell No. 2 cell 
i] 
Mesh, Tyler 
Weight, Zn, Pb, Weight, Zn, Pb, 
per cent. per cent. per cent. per cent. per cent. per cent. 
On 4 2.0 62.9 0.03 0.4 63.0 0.02 
6 2 62.3 0.03 6.0 63.0 0.10 
8 " 21:3 62.1 0.10 10.0 63.0 0.04 
10 17.0 61.3 0.16 7.9 62.6 0.02 
14 13.1 61.2 0.17 8.5 622 204 ANS. shade a 
20 8.5 61.0 0.17 6.9 62.0 0.02 
28 rer 6 61.3 0.30 12.1 61.2 0.06 
35 4.4 60.0 ia at lw 58.2 0.06 
48 3.7 58.0 2.10 11.0 57.0 0.10 
65 4.4 57.3 3.60 10.8 57.3 0.16 
100 3.6 53.2 7.80 8.0 57.0 1.10 
Through 100 3.2 34.8 24.20 6.3 45.1 12.00 
No. 3 cell No. 4 cell 
Mesh, Tyler 
Weight, Zn, Pb, Weight, Zn, ibs 
per cent. per cent. per cent. per cent. per cent. per cent. 
COT Roh, al atedeadiil | 8 matece Brae, ACS. ey eile Sammi [es Bp | EN Sem EN Sere a MC Ne 
6 end, 62.9 0.03 0.03 57.0 0.55 
8 Ola 62.7 0.03 a cad. 56.0 0.42 
10 0.6 62.7 0.06 7.3 57.0 0.32 
14 10.6 62.0 0.06 12.8 59.0 0.14 
20 L..2 62.1 0.06 10.7 60.0 0.05 
28 \ WENT 63.0 0.04 20.6 60.0 0.02 
35 3.0 62.3 0.02 19.4 GL 7S Hl hearts maces 
48 9.6 60.3 0.02 10.7 Oi [4e sert Sear osee-. 
65 9.0 60.0 0.02 8.2 60.3 0.02 
100 5.4 59.4 0.20 5.3 59.0 0.06 
Through 100 5.0 50.6 0.60 3.8 53.0 3.10 


5. Other fixed-sieve jigs for treating metalliferous ores 


Collom jig is of the fixed-sieve type with a special plunger mechanism 
that gives a quick downward stroke and retarded return. The mechanism 
has link-operated rocking hammers that strike the plunger rods down sharply 
against the pressure of springs which return the plunger more slowly on 
expanding. ‘The plungers may be fitted more tightly than the eccentric- 
driven type, because of their non-rocking travel, but the mechanism is more 
complicated and less rugged than the simple eccentric. The jig is built 
double with sieve compartments on the outside of the plunger compartments, 
and these are about half the area of the sieve compartments and are placed 
side by side. This causes maximum water effect at the feed end of one com- 
partment, which is'not distinctly harmful, and at the tailing end of the other 
compartment, which is harmful. 
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Dee jig (Fig. 6) has a hopper-shaped valved plunger under the screen 
with the plunger rod passing through the center of the screen. The valved 
plunger decreases suction and gives uniform 
distribution of water currents, but at the ex- 
pense of great inconvenience in operation and 
maintenance. 

Evans jig is of the Harz type and embodies 
no essential departures from the standard form 
except that the eccentric is designed to main- 
tain the plunger in horizontal position. It has 
been largely used at ANACONDA mills. 

Exhaustive comparative tests with Harz jigs at this 
plant showed no conclusive difference in metallurgical 
results, but considerably higher tonnage treated per square 


foot of sieve area on the Harz jigs. Average results of 
one such comparative run are given in Table 18. 


Hodge jig is of the Harz type but has a 
mechanism for attaining differential plunger 
motion similar to that on the Deister No. 3 
slime table (Sec. 10, Art. 7). It has been used 
to a considerable extent in the Lakr SuPERIOR 
copper mills. It is built in cast-iron double Fie. 6.—Dee jig. 
units which are set up in pyramid arrangement. 


Table 18. Comparison of Harz and Evans jigs at Anaconda. (Treating de-slimed 
undersize of 4-mesh screen) 


Assays, per cent. Cu 
Tons of , 

N Numer Size of |Tons per| feed per alone 
Jig peed 2 sieves, feed square lca est 

er jcompart-| inches 24 hr. | foot per | P& ton Tail- Con- 

ments of feed | Feed : cen- 

24 hr. ing 

trate 

iMarzianaee: 9 3 26X36 | 345.5 1.96 8976 Pali Oma laueree 

Evans..... 11 3 26 X41 231.6 0.95 8423 L743. | 0.71 ae 


Performance. At Coprrr RANGE mills four double Hodge jigs with 24 * 36-in. com- 
partments are used in series. They are fitted with double-crimped brass-wire screens of the 
following sizes: 8-mesh, No. 18 wire on No. 1 (life, 324 days); 10-mesh, No. 20 wire on No. 2 
(life 405 days); 12-mesh, No. 21 wire on No. 3 (life, 260 days); 14-mesh, No. 22 wire on No. 4 
(life 260 days). Speed of all jigs, 165 strokes per min., @ %-, 34-, &- and 14-in. respectively, 
with 2.75- to 3-in. beds. Capacities: First sieve, 21 tons per 24 hr.; second, 16; third, 9; 
fourth, 6. Water consumption varies from 160 gal. per min. on No. 1 to 100 gal. per min. 
on No. 4. Power consumption, 0.52 hp. per sieve. Feed contains 80 to 85 per cent. water. 
Assays, per cent. Cu: Tailing, 0.5; concentrate, 65. 


Slide jig has a Whitworth quick-return plunger mechanism arranged 
to give accelerated down stroke and retarded return, thus emphasizing pulsion 
and lessening suction. Otherwise it differs in no way from the typical Harz jig. 

May jig (27 IMM 338) is of the fixed-sieve, plunger type with rocking- 
arm drive, arranged with plunger compartments between the sieve com- 
partments. It is extensively used for treating the silver-lead-zinc ores of the 
Barrier district of Australia; for this service it has supplanted all other varie- 
ties after extensive testing. The usual practice is to treat the de-slimed under- 
size of a 3-mm. screen on three to five 30 X 42-in. compartments, the last 
being for tailing discharge, making all the concentrate from the hutch, bed- 
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ding the screens about 1.5 in. deep with iron punchings 54¢- to 34-in. diameter. 
Punched-plate or woven-wire screen with about 4-mm. apertures on the first 
compartment and 3- or 3.5-mm. apertures on the later compartments is used; 
brass grids 1.75 in. deep and with 2.5 X 5-in. pockets are used to hold the 
bed in place; speed varies from 180 to 240 r.p.m. The plunger area is about 
40 per cent. that of the screen; plungers are fitted with board clack valves to 
lessen suction. 


The ore of the district consists principally of galena, blende, rhodonite and quartz. Two 
methods of treatment are practiced; in the first a coarse galena concentrate only is sought 
and but two or at most three screen compartments are necessary; in the second a 5-com- 
partment primary jig is followed by a 5-compartment secondary, the rougher makes clean 
galena concentrate in the first and second hutches, in the third, a middling containing free 
mineral which is returned to the head of the jig, true middling in the fourth for re-grinding and 
treatment in the secondary jig, and from the fifth tailing for re-grinding and fine concen- 
tration. The secondary jig makes a final quartz tailing. At the Zinc CorRPORATION plant 
(118 P 89) a 3-compartment primary jig makes a 66-per cent. lead concentrate from the first 
two hutches and a 6-per cent. tailing from the third. At Broken Hitu Sours (27 IMM 
337) a double 3-compartment jig makes products as shown in Table 19. Capacity in this 
service varies from 12 to 14 tons per hr. 


Table 19. Products of Mny jig at Broken Hill South mill 


Assay 
H 
fete Product Destination 1 : 
Lead Silver, Zine, 
per cent. OZ. per cent. 
1 Concentrate |! Finished... ..0)..0....... 67.2 22.4 Cou 
2 Middling Re-grind and re-jig........ 38.3 15 s3 18.4 
3 Tailing Re-grind and table........ 736 4.3 14.6 


Neill jig (Fig. 7) is of the fixed-sieve type. Water currents are produced 
by a swinging vertical paddle, actuated by a rocker arm. Hutch concentrate 
only is made and is discharged continuously through three 3¢-in. spigots 
from each hutch. The jig was developed for service on gold dredges, to 
replace undercurrents in the sluice line. 


Table 20. Sizing test of feed to Neill jig intreat- 
ing tin gravel. (All material through 3-in.) 


Tin oxide, Gravel, 
per cent. per cent. 
weight weight 
OnpqlOameshy ioe. abot. cts 54.6 
20 1,31 20.0 
40 34.08 12.2 
60 33.70 22% 
80 17.95 0.34 
100 7.76 \ 0.07 
= Through 100 5.20 0.08 
Fig. 7.—Neill jig. ' 


On the Natomas No. 7 dredge (101 J 207) the jig screens were 2 ft. 5 in. by 3 ft. 8 in., 
8-mesh Monel metal, bedded 1 in. deep with BB cast-steel shot. Each jig this size con- 
sumed 2.6 hp. at 172 r.p.m. Gold in the jig concentrate all passed 20-mesh and 43 per 
cent. passed 100-mesh. Jig concentrate contained 6 to 7 per cent. of all the gold caught on 
the aa This was ground in a conical mill and treated in a shaking amalgamator and 
on plates. 

The following data refer to tests on artificial mixtures of cassiterite and stream gravel 
to determine the suitability of the jig in tin dredging (106 J 78). Feed contained 8 lh. 
tin oxide per cu. yd. Sizing tests of cassiterite and gravel are given in Table 20. Two jigs 
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were operated in series, the screen area of each about 8 sq. ft.; the sieves were Ton-cap 
screen with 0.093-in. aperture; bed of 1%-in. cast-iron shot and gravel, 3.5. to 4 in. deep; 
135 to 146 @ 3.5-in. strokes per min.; 50 to 60 gal. per min. hutch water for each jig. The 
best feed rate was under 4 cu. yd. per hr. Results are given in Table 21. A parallel test 


Table 21. ' Results of Neill-jig tests on tin-gravel 


Test 1 Tests 2-5 | Tests6-11] Test 12 


Assay of concentrate, per cent. Sn....... Oe: 1.53 0.96 ah 
Ratio’of' concéntration. 2... 09085, 2.908 15.6 15% 9.23 9.9 
Recovery, per cene.0°2°0 OF Se 278 Sy9n 87.2 86.1 89.5 86.8 


in a sluice gave 88 per cent. recovery. In another test on similar material (112 J 644) feed- 
ing 2 jigs in series, each with 9 sq. ft. screen area, at a rate of 5.8 cu. yd. per hr., the feed 
containing 0.27 per cent. to 0.53 per cent. cassiterite, the concentrate contained 4.3 to 6.4 
per cent. cassiterite and average recovery in the first jig was 85.5 per cent. and in the second, 
2.2 per cent. of the total tin in the feed. 

Table 22. New Century jig operations at New Jersey Zinc Co., Franklin Furnace, N. J. 


SOTA IN DET Metre teach Ae kas, RENE S 1-4 5-8 9-12 13-16 
Vat Onial OL: SCLECIG Nu sate od oc teat pieuheLeetiL® bw bw bw sw 
Screen aperture, in.: 
Compartments Nos. 1, 2, 5and 6.............. 0.0375 | 0.0460 | 0.0550 | 0.0650 
Compartments Nos. 3 and 4...............00-. 0.0326 | 0.0395 | 0.0480 | 0.0580 
MT OVOL BOTCON, CAV Ginaiecsfoychoseyd tus: syne «sO ome nee 150 150 150 75 
Speed strokes Per MINULC cr derens.cure os aie Pe means 210 197 185 174 
Length of stroke, 64ths in.: 
Compartments)Noss Liand’2 25: Mikio... oon. oe 12 13 15 18 
Compartments INOS83 andl4 diego este nes 11 yj ee 14 lye 
Compartments. Nos.,5 and 6.2 is ce ate te ee 10 11 13 16 
Mons Per jJiSppeGMOUL Sw. ome «ssf ee da ages gee acs fees 0.77 0.84 0.91 0.98 
Water, gallons per minute per jig................ 52 59 67 76 
Thickness of bed, in.: 
Compartment NO: Meanie. «ole cpbeG.- + oqo. 19s lope 4 44 44% 424 
Compartment, NO-. 257. gs </ocle, ree fs 40 uth Pye wo exe 4% 436 45% 4% 
Compartment, NO. Shy sss <teupes of saepoeae ae 414 4% 434 5 
Compartment, NO: 4: ay. as cist susper apt evesd ange phe nie te: 43% 4% 4% 5% 
Compartment NOy On. abe Pisce oma ot. 3 34 3% 334 
Compartment NOs GO Auuy. sot ote p oh ce dun GF- eyoerehes 3 334 4 4% 
MPS BHTTIVOCT cr siote cunieisiei eigen cianag sae. oie, o\eraeen sete hina 17-20 21-24 25-28 29-32 
Material lofi screensis (ite tis..cs00808 F200 ble oe ht Sw sw sw sw 
Screen aperture, in.: 
Compartments Nos. 1,.2, 5:and 6....°,.....-.- 0.0760 | 0.0840 | 0.0960 | 0.1130 
Compartments Noss and ae an Sater ees 0.0680 | 0.0790 | 0.0900 | 0.1020 
Bife‘ofiscreen; days .Q(hi 42k oe Ek 75 75 75 75 
Speed, strokes per minute...........+ ee eee eees 164 155 147 140 
Length of stroke, 64ths in.: 
Compartments Noss iand 2. 00.sc.c cesses fp: 22 27 33 40 
Compartments Nos. 3 and 4.............+0065 21 26 32 39 
Compartments Nos. 5and 6..............+0-- 20 25 31 38 
MOIS DCTGISr DEEMIOUL,..-n.j0 hone 9s.< bysyosouene ented bickderennee 1.04 1.10 1.16 1.24 
Water, gallons per minute per jig............-.-- 86 97 109 122 
Thickness of bed, in.: 
ConipartmentiNo: MAG RRR RtE . BERS La. 5 54% 5% 534 
Compartment; NO. 2inctsy. aswriss .atpyetieeree «Sidr: | 5% 5% 5% 5% 
Compartment No. 3......... ihe SRR air ARTE 54% 5% 534 6 
COMPUT LUMEN INO: a aavevee interns sreje's Belews oe «e- 53% 55% 5% 6% 
CompartmentiNow's Hay, Waa? Sh POU A 4 414 414 43% 
Gompartment INO. Go eee di cle ope nse s epeyariged joie 4 434 5 54% 


bw Brass, woven wire; sw Steel, woven wire. Sizing tests of feed given in Table 23, 
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New Century jig is of the Harz type but usually equipped with a differ- 
ential motion giving accelerated down stroke to the plunger with correspond- 
ing accentuation of pulsion. Suction is decreased by using a rubber flap- 
valve around the plunger edge that closes on the down stroke and opens wide 
on the return. Differential motion is produced by raising the plunger against 
a spring by means of a cam acting against a roller, the plunger being forced 
down quickly by the spring when the cam releases. 

Performance. New Jursry Zinc Co. uses a most elaborate jig equipment in separating 
willemite and zincite from a calcareous gangue. There are 32 @ 6-compartment jigs with 
24 X 36-in. sieves. Data concerning the installation at Franklin Furnace, N. J., are shown 
in Table 22. One man attends 4 machines. Lost time is given as 10 to 15 per cent., which 
is exceptionally high, the principal cause being repairs. 5 hp. are consumed per jig. Sizing 
tests of feeds are given in Table 23. Feed is prepared by dry screening in all cases. At 
the OapENSBURG MILL of the same company, treating similar ore, capacity, speed and power 
consumption are higher than at the Franklin mill. Three men attend 10 machines. Lost 
time amounts to about 2 per cent., the principal cause being repairs. 


Table 23. Sizing tests of jig feeds, New Jersey Zine Co., Franklin mill 


Jig number. 1-4 | 5-8 9-12 13-16 17-20 21-24 25-28 29-32 
Screen 
aperture, Per cent. of total weight 
mm. 
SR Or Mam errs ie ery cucn hace [usar sce -acll ec tomas mi tlhe a aeen ee ceatl dae renee) oer eee 0.60 
2.362 CPU ec sccvere coil enemaviteushogslleiancresenesn 0.02 0.40 0.38 10.50 
1.651 WRAO? || coveeaterets oul tousceine ete 1.38 2.75 11.50 23-10 50.90 
1.168 2.00 0.55 0.50 1.50 23.00 38375 54.50 31.80 
0.833 2.05 3.90 9.05 36.70 43.10 36.10 19.20 5.70 
0.589 8.88 31.80 49.55 40.85 26.20 11.58 2.00 0.40 
0.417 39.00 48.50 32.82 18.25 3.80 1.05 0.25 0.10 
0.295 29.35 11.90 4.35 0.55 0.25 0.15 OUT2 ee amare 
0.208 10.40 2.20 1.20 0.20 0.25 0.10 OLS (See 
0.147 3.30 0.55 0.80 0.12 0.20 0.05 010s eae oe 
OF104)_)- {0:,90 0.10 0.35 0.10 0.12 0.05 OTOS "| eee 
0.074 1.20 0.10 0.60 0.18 0.12 0.05 OCG" eee 
—0.074 1.42 0.40 0.78 0.18 0.18 0.22 0208 Lae 


Richard’s pulsator jig (Fig. 8) consists essentially of a compartmented 
jigging tank with a fixed screen, underneath which water 
is fed through a rotating valve. Concentrate is discharged 
from the screen through the usual gate-and-dam discharge. 
When operated with closed hutch the bed is subjected 
to pulsion impulses only and is kept remarkably loose. 
Speed for such jigging is about 200 rpm. Jigging with 
sized feeds is therefore very rapid and the tonnage per 
sq. ft. of screen area is many times that of a plunger jig. 
If suction is desired, the speed is lowered to 150 to 175 
r.p.m. and the hutch gate opened. Due to the fact that 
an 8- to 10-in. bed can be maintained and due also to 
the relatively light suction, very clean concentrate can 
Fic. 8.—Richards be made. Power consumption is much less than for plunger 
pulsator jig. jigs. Water consumption is about the same. 


: This jig is most attractive on the basis of laboratory tests but has not worked out well 
in practice. It does not respond readily to changes in tonnage and richness of feed, probably 
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on account of the small size of the cells, yet it is limited to small cells to keep down water 
consumption. It should not be considered for hutch-making service, but is best suited to 
treatment of closely sized ores with large differences in specific gravity between mineral 
and gangue, and where low-grade tailing is not essential. In such service it will deliver 
a high-grade concentrate with small power consumption and not excessive water consump- 
tion, and, on account of its small size it can readily be placed high up in the mill where its 
reject can be spouted by gravity to re-treatment machines. Clean water must be supplied 
- to prevent blinding of screens. At ANACONDA a No. 2 jig treated material sized between 
8- and 2.5-mm. in a short test at the rate of 224 tons per 24 r. and made concentrate assaying 
9.8 per cent. Cu and tailing about 2.2 per cent. from a feed containing 2.85 per cent. This 
result compares unfavorably on a metallurgical basis with the work of the Hancock, Harz, 
Evans and Woodbury jigs at these plants. 

At Paciric Coast Coat Co., Issaquah, Wash. (Bul. 28 UW 123), a laboratory-type Rich- 
ard’s pulsator jig at 110 r.p.m., treating — 34 + %6-in. raw coal, containing 18.7 per cent. ash 
made 75.3 per cent. by weight of washed coal containing 13.7 per cent. ash and 24.7 per 
cent. refuse containing 37.4 per cent. 


Shields and Thielmann jig (Fig. 9) is a plunger-type fixed-sieve jig used 
at the Quincy miu for treating unclassified native-copper ore through 5-in. 
grates from steam stamps. The 
unit is a 4-compartment cast-iron 
jig tank, 12 in. wide by 24 to 30 Scieay 


1 holes~H 


in. long, each hutch connected by 
a 4-in. pipe through the side wall 
with a vertical cylinder in which 
runs a piston, eccentrically oper- 
ated from a common shaft. Ec- 
centrics are individually adjust- 
able and each hutch is fed by a 
separate water supply. Both gate 
and hutch discharge are provided. 


A 4-section installation at the Quincy Fig. 9.—Shields and Thielmann jig. 

mill treats 500 tons per 24 hr. Power con- 

sumption is between 3 and 4 hp. for the 16 compartments. The vertical screen between the 
sections causes size grading in successive discharges. Coarse copper, %-in. to 54-in., discharges 
from gates 1 to 3.- Clean concentrate is also taken from hutches 1 and 2. Gates 4 and 5 
discharge coarse middling. Gates 6,7 and 8are kept closed to accumulate concentrate; gates 
9 and 10 discharge middling for re-grinding. ‘The remaining sections discharge middling 
products of various sizes from 1%-in. to 40-mesh and of various grades from both gates and 
hutches. Slime (— 40-mesh) is overflowed from the last compartment. 


Woodbury jig (Fig. 10) is a fixed-sieve quick-return plunger jig, with a 
plunger having a smaller area than the sieve compartment. Two plunger 
rods with separate eccentrics are used on each plunger. The jig is made in 
units that are erected end-to-end at different levels (PYRAMID SETTING), the 
feed enters over an apron above the plunger compartment. The jig is best 
known by reason of a slime-separating device that is used on the first unit of 
a series treating ungraded feed. This consists of a shield (a), that projects 
above the water-level and dips sufficiently into the sand layer on the screen 
to prevent slime from entering at the bottom. Slime is thus diverted around 
the shield and overflows a dam at the discharge side of the compartment. 
This same dam serves to hold back sand tailing, which rises within shield 
(a) and overflows lip (b). A concentrate cup (c), within shield (a), projects 
above the sand level and down into the concentrate layer on the screen, 
allowing, therefore, concentrate only to enter and overflow into pipe (d). 
This pipe is connected with pressure water to allow fine sand to be excluded 
from the cup concentrate by classification. De-slimed sand tailing ( middling) 
passes to a second unit fitted with the usual gate-and-dam concentrate dis- 
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charge placed, however, at the tailing-discharge end of the compartment. 
When further units are used a dewatering trough is placed ahead of each 
subsequent unit and a similar device on the tailing-discharge box of the final 
unit. 


Concentrates 


Slime 
olassifier 


Hydraulic Hutch ay 4) 
water. work middling jig 


Fic. 10.—Three-unit Woodbury jig. 


Performance. The Woodbury jig has had its largest use in treating native-copper ores. 
At CALUMET AND Hxcua two 5-compartment jigs handle 300 to 375 tons per 24 br. of — 346-in. 
conglomerate rock from one steam stamp. Sieves are 30 X 48 in.; plungers, 15 X 48 in. 
Sieves on the first compartment are 10-mesh brass-wire, 12-mesh on the others (average life, 
22 months). 180 strokes per min., l- %-, 34-, 4%- and 14-in. length on compartments 1 to 
5 respectively. 2.75-in. bed. One man attends 30 sieves and other work in addition. 
Lost time about 1 per cent., principally due to cleaning sieves. About 45 per cent. of the 
feed is separated as slime on the first compartments. The first two units discharge high- 
grade concentrate and the other three middling. Assays, per cent. Cu: Feed, 1.75; tail- 
ing, 0.6; concentrate, 80. On amygdaloid, three 5-compartment units handle 600 tons, of 
which 40 per cent. is separated as slime. At ANAconpA the Woodbury system was thor- 
oughly tried but finally rejected. Feed was —8-mm., ungraded. The classifier compartment 
when treating 2.7-per cent. Cu feed at the rate of 242 tons per 24 hr. rejected 39.3 tons of slime 
and fine sand (—0.4-mm.) assaying 3.34 per cent., made 3.1 tons of cup concentrate assay- 
ing 14.4 per cent., 11.59 tons hutch concentrate at 9.11 per cent., 138.8 tons cup middling 
at 1.43 per cent. and 48.8 tons hutch middling at 3.88 pcr eent.; compartment 2, treating 
hutch middling assaying 3.09 per cent. Cu from the classifier jig, at the rate of 49.6 
tons per 24 hr., made 2.2 tons of cup concentrate assaying 12.26 per cent. Cu, 6.4 tons 
hutch concentrate assaying 7.68 per cent., 14.6 tons hydraulic middling assaying 1.74 per 
cent., 8.8 tons hutch middling assaying 4.57 per cent. and a tailing assaying 0.62 per cent. 
Water consumption on the classifier jig was 859 gal. per ton of feed and on the regular jig 
3431 gal. per ton. When treating de-slimed undersize of a 4-mesh screen, a classifier jig 
and three re-treatment jigs in series produced, from 127 tons per 24 hr. of feed containing 
0.82 per cent. Cu, 15.5 tons of middling (concentrate) at 2.43 per cent., 6.8 tons hydraulic 
middling assaying 1.14 per cent., slime assaying 3.4 per cent. and tailing assaying 0.45 per 
cent. A 5-compartment system was tried on —2.5-mm. material but failed to better the 
work of the Evans jig. At Ray Consotipatep Copper Co. the Woodbury system was 
tried on — 2.2-mm. ungraded material. Hutch concentrate only was made and this was 
cleaned on Wilfley tables. Slime was re-treated on vanners. On a feed containing 2.3 
per cent. copper this flow-sheet made 25-per cent. concentrate and 0.83-per cent. tailing 
representing 64.9 per cent. recovery and 16.8 ratio of concentration. Competitive work 
on Garfield tables with the Garfield middling cleaned on Wilfley tables and slimes re-treated 
on vanners yielded 26.9 per cent. concentrate and 0.66 per cent. tailing, representing 73.1 
per cent. recovery and 15.9 ratio of concentration. The failure of the Woodbury system 
was attributable to the fact that it cut out only 56 per cent. of the original feed, containing 
35 per cent. of the copper as middling while the Garfield system put 80 per cent. of the 
original feed containing 50 per cent. of the total copper in the middling division. The 
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Woodbury system rejected 71 per cent. of the original feed containing 57 per cent. of the 
total copper as slime against 33 per cent. by weight and 24 per cent. of the copper content 
in Garfield slime. There was always much free mineral in the Woodbury-jig tailing. 
At Oxtp Domrnion three 3-compartment jigs were used, treating 350 tons each. Feed: 
10 per cent. on 4-mesh, 59 per cent. moisture. No.1 jig compartments were 24 X 36 in. 
and Nos. 2 and 3, 30 X 50 in. Screens were woven brass wire, 0.187-in. aperture, on the 
first compartment of No. 1 and 0.120-in. on the second and third compartments; 0.120- 
in. on all compartments of the other jigs (life, about 6 months). Stroke on all compart- 
ments, 1.5-in. 4- to 5-in. beds. One man attended 5 jigs and the preceding screens. 
Change of water rate and feed distribution were left to the operator. Water consumption, 
760 gal. per min. per jig. Assays, per cent. Cu: Feed, 4.10; tailing, 2.50; concentrate, 
9.00. At the Ouro Brass Co. (65 A 652) a 2-compartment jig, first compartment 12 & 21 
in. with 10-mesh screen and 1 3%%-in. stroke, the second 18 X 24 in. with 6-mesh screen and 
34-in. stroke, 200 r.p.m., treated brass-foundry ashes sized between 3- and 10-mesh on heavy 
wire stationary screens set at 45°. Cup concentrate was almost pure metal (70 to 80 per 
cent. Cu) and represented 60 to 70 per cent. of the total metal in the feed; hutch concen- 
trate assayed 65 to 70 per cent. Cu and contained about 20 per cent. of the total copper fed. 


Bull jigs are jigs of any type, but usually of the fixed-sieve variety, used 
for treating the coarsest feeds. Heavy ores up to 3-in. diameter have been 
treated. Bull jigs differ from others of the same type only in that they are 
built heavier to withstand the longer stroke and greater wear, and discharge 
ports must be larger to prevent clogging. In a Joplin bull jig with 36 x 60- 
in, sieve compartments, two eccentrics are used on each plunger. 

Performance. At BuNnKER Hiut AND SuLLIVAN (61 A 225) bull jigs treat material sized 
between 1.25- and 0.5-in. and make middling and tailing only. This method of operation 
saves the heavy wear on soft galena concentrate that results if it is attempted to make 
a high-grade concentrate. The best grade that can be made on these jigs is 55 per cent. 


lead and to make this results in wearing the concentrate into rounded marbles. But by 
taking a 25 per cent. rough concentrate, crushing it, and re-jigging, a 65 per cent. concen- 


Table 24. Competitive test between Woodbury and Harz bull jigs at Boston and 
Montana mill of Anaconda Copper Co. (Feed through 38-mm. on 8-mm.) 


Harz system 
Legend Woodbury 
-comp. | 2-comp. | Tota) 
jigs jigs 

Number: of gigs sizig ihisiiss «el eek he © 1 @1-comp. 2 2 4 

Number of.jig, screens) 5 - decen.+ aoynte  erereyd peed 1 2 4 6 
Net screen dimensions, in................... DO XGIF 0) 41 21...5 |) BED623 555 laa 
Screen aperture, square hole................ 0.31 in. 0.31 in. Om yuna eet 
Mengthiotstrokes imam. ee On Aa: 3.5 2 25-2: 2S NT B-2e2 We. ns 
Mirolkcos Per sWUNULe A ovata cieyse- Beye leyeioes hess. 048 170 160 1GORGt Wels. 3% 
HOMO EOL Gall DOALG pid Ulvte carpe s.01s: 6) 0: «1 co en, o'evoge oes 6a 6.5 {5 5- | eetens 
Height of conc.-discharge gate (min.), in...... Sits) 4 BED linercd - 
Bottom of cup above screen, in.............. 2 2 1 9/15) lea bene 
Size of plunger compartment, in............. 24X60 }20.5%42.75)17.5X37.5)...... 
Sizerol DIUNGEr, IN... cts be dared > ete seas 23.5 59.5| 2042.25 LWES<OS fer leceanieee 
Ratio screen area to plunger area...........- 1.62 1.04 Lie aN ee os aie 

Trommels used, 1.5-in rd.-hole...........-.- 2 BY NB a eee Mae 2 

Trommels used, 0.87-in. rd.-hole...........- 3 ORR alert |e oR mene 2 

Trommels used, 8-mm. rd.-hole.......-...+-- ee Ets, Sacks acsnots 2 2 
Excess trommel area, Woodbury, sq. in....... SAA aa A eri elton rote obey d echioe ee 
eed pate, tons per 240 br. oc. ses c+» optes 281 75 192 eee 
Assays, per cent. Cu: Feed.........-....+.. 3.19 Buy 3.8 & gy le¥osses 
@upxconcentrate sic) deter ver ster: © yds. 12.19 11.6 iN ran MIE ES Aa 2 
EGUpe DIT GINO yeniele se scvens sks ersicle check eis, » ee 4.86 Wid 9140676, 1 ieee: 
QMan thie Be ie ce Oe Sale ob olO ou ae ene 1.62 pat DOW hl east. 
Water, gallons per ton of feed..............: 1135 TIS a< | les ome ceaes| [eaters 3 


ee ee ee 
a Slime overflow, 10 in. 
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trate is made with but little wearing of the galena. These jigs will handle 150 tons per 
24 hr. and reject 90 tons of tailing containing less than 0.4 per cent. lead. In the West mill 
five bull jigs treat 450 tons per 24 hr. at a cost per jig (1918) of $2. At other Coeur d Alene 
mills the upper size of bull-jig feeds is as follows: Hrrcuuss, 1.4-in.; Mammors, 0.6-in.; 
Morning, 0.9-in. At Suocan, B. C., bull jigs make a lead concentrate as coarse as 0.75-in. 
containing 100 to 175 oz. Ag. (114 J 677.) At Oup Dominion two one-compartment 
Woodbury bull jigs, 30 X 50-in., treat 500 tons each per 24 hr.; feed, 51 per cent. on 3- 
mesh, 54 per cent. water. Brass-wire screen with 0.130-in. aperture lasts 8 months. Bed, 
6 in. thick. Stroke, 2.25 in. Water, 240 gal. per min. Assays, per cent. Cu: Feed, 
3.60; tailing, 2.70; concentrate, 11.00. One operator attends 11 sieves and the preceding 
screens and controls jig water and feed distribution. Table 24 gives data on a competitive 
test between a Woodbury bull or pn-woopine Jig and the Harz bull-jig system at ANACONDA 
C. M. Co. 


6. Fixed-sieve jigs used principally for coal 


The jigs most widely used for anthracite are the Reading, Lehigh, Elmore, 
Wilmot (Simplex) and Delaware (Tench) which are all of the piston variety. 
: Their use is explained by the 
fact that the feed in anthracite 
washeries is invariably sized and 
the piston jig is best suited for 
\treating such feeds. For bitu- 
minous coal both pan (movable- 
sieve) and piston jigs are used, 
the former to a greater extent. 
The most widely used piston jigs 
are the Luhrig, Elmore, Foust, 
and Forrester. 

Reading jig (Fig. 11) is of 
the typical piston type with coal 
discharge aided by the chain 
drag G and with intermittent 
= aaa slate discharge manually con- 
trolled by gate J and lever J. 
Discharged slate is removed by 
the bucket elevator L. The usual 
operating conditions are 140 @ 
2-in. strokes per min. for pea and buckwheat sizes and 100 @ 4-in. strokes 
for larger sizes. 

Lehigh jig (Fig. 12) is of the piston type with grate inclined about 1 in. 
to the foot toward the discharge side. Working adjustments are given in 


Table 25. Operating adjustments of Lehigh jig working on anthracite 


rae 
Chl 


= 
i 
= 
© 
i 
! 
| 
y 


Fig. 11.—Reading jig. 


Size of openings (a) 
Strokes | Length of | Height of | Height of 
Size of feed per stroke, feed gate, | slate gate, 
minute inches inches inches |Rear three- Front 
quarters quarter 
Buckwheat...... 96-100 3-4 14-2 34 546 iy 
Reads Ronee: A 96-100 3-4 24% K% 3% ‘6 
Chestnut:...4.8 . .. 96-100 384-4 214-3 1% 56 Wy 
Stove'd ser bes. 96-100 314-4 3 2% 34 5% 
Biggs. ds0 eb 96-100 | 34-41% | 4 -4% 4 ¥% 5% 
Broken. o..i.... 96-100 3144-4 7 7% % 34 


a Round or oblong holes, the latter set with long axis parallel to the run of the material. 
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‘Table 25. The hutch 
(slush) gate is opened in- 
termittently for discharge 
only; normally the jig 
is run to give minimum 
suction. Slate discharge 
is regulated by the slate 
conveyor, which is run 
only when necessary to 
prevent slate from going 
with coal or when the bed 


becomes packed. | Prr- 
FORMANCE is given in 
Table 26. 


Elmore jig (Fig. 13) 
is a double-compartment 
machine of the piston 
type with overflow coal 
discharge and automatic 
slate discharge. Accord- 


Fia. 12.—Lehigh jig. 


Table 26. Performances of Lehigh jigs in upper and lower anthracite fields 
Feed Coal product Slate product 
Size of 
coal Coal, Slate, Bone, Coal, Slate, Bone, Coal, Slate, 
per cent.|/per cent./per cent.|per cent./per cent./per cent./per cent.]per cent. 
Upper field 
IGOR. se 81 14 5 97 1 2 1 99 
Stove.) ...% 80 16 4 94 4 4 1 99 
Nut 80 15 5 94.5 2.5 3 0.5 99.5 
Le? 84 12 4 91 6 3 0.5 99.5 
Buckwheat... 83 12 5 84 8 8 1 99 
Lower field 
Egg. 69 28 3 97 1 2 2 98 
Stoview.s. a. 70 27 3 94 3 3 3 97 
INDIE 3) be p.0 2 74 22 4 93.5 3875 3 2 98 
Oa edn esses 76 20 4 90 ¥6 3 4 96 
Buckwheat.. 76 20 4 87 10 3 4 96 


over two 


GB 


compartments. 


Fic. 13.—Elmore jig. 


ing to Ashmead (66 A 
422) it requires 700 gal. 
per min. of circulating 
water; 12 hp. to operate 
the jig mechanism and 
18 hp. for the circulat- 
ing pump. Capacity of 
the double unit is as 
high as 50 tons per hr. 
on the coarse sizes of 
anthracite. Two- and 3- 
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compartment forms of this jig are also widely used in washing coking coal 
in Alabama. 


Table 27. Test on Elmore jig at Indianola mine. (After Yancey) 


Test number........ 1 2 
Feed rate, tons per 

HOUR mae eee 49.5 42 
Speed, -r:p:m...5 20-0: 114 (633 
Stroke, in., comp. 1.. 1% 2% 
Stroke, in., comp. 2.. 1% 1% 
Stroke, in., comp. 3.. . 1% and Ke 1% 

Weight, Ash, 8, Weight, Ash, Ss, 
per cent. | per cent. | per cent. | per cent. | per cent. | per cent. 
RAWEC ORL. camkcancceceic 100.0 10.8 0.92 100.0 10.0 0.94 
Washed coal(a, 6)... 83.7 8.1 0.75 82.4 7 fae: 0.77 
First gate(c, e)...... 1.0 53.0 1.96 2.7 Doane 1.51 
Second gate(c, e).... 2.4 46.0 Tease 2.4 43.1 1.07 
Third gate(d, e)..... She 32.5 1.19 ED 3282 1.11 
First hutch... <.:- 12) 38.2 6.82 1.8 31.5 5.28 
Second hutch....... #5 23.5 2.99 pablo sii) Hl eZlo() 1.65 
Third hutch(6)...... PRS} 10.5 1.00 £6 UY G 1.11 
Sludge(6) heat: o 4.3 10.4 0.65 Sie 10.9 0.59 
Shipped coal........ 90.3 SS Te et arrsueseads 87.5 on Duain |-scorekeecee 
| 
Raw coal Washed coal Raw coal Washed coal 


Sizing—assay test |weight,| Ash, |Weight,|. Ash, |Weight,| Ash, |Weight,| Ash, 


per per per per per per per per 

cent. cent. cent. cent. cent. cent, cent. cent. 

Original 100.0 10.8 100.0 8.1 100.0 10.0 100.0 7.3 

+1 17.0 14.1 12.3 11.3 14.6 14.1 12.7 See 

% 47.2 9.8 44.2 8.2 42.5 9.6 42.7 (083) 

Yy 18.3 10.2 22.1 7-8 19.8 9.5 22.6 vine) 

¥Y% 8.0 10.0 11.2 Tem 9.8 9.2 11.9 Sidi 

Ye 4.0 10.4 4.9 5.7 5c3 9.5 5.2 5.0 

Yeo 2.4 9.9 2.6 4.8 3.5 9.3 Qad 4,1 

Ya 0.5 10.8 0.7 4.8 OFZ 10.0 0.5 4.2 

—Y%s 2.6 12.1 2.0 8.1 3.8 10.8 eA 6.8 

Proximate analysis 

Volatile matter...... 34.0 34.6 34.0 35.0 
Fixed carbon........ 55.5 57.3 56.1 57.8 
INSIDE Maier teysediocsceyees 10.5 8.1 9.9 a2 
Sulpbamiscysnrs cies 6 ee 0.92 0.75 0.94 0.77 
BRU, seed abs 13510 13950 13660 14020 


a Jig overflow. 6 Combined for shipment. c¢ Valve operated almost continuousls 
in both tests. d Valve operated intermittently, open about one-fifth of total time i 
second test. e In the first test the percentages of good coal in these products were 9.5 
15.1 and 36.3 respectively; in the second, 5.9, 9.1 and 19.7. 
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At Lypranoua minu of Inland Collieries Co. (Bul. 16 CI T)_a 3-compartment unit was sub- 
jected to careful test. Each compartment was 6 ft. wide by 614 ft. long; the grates had 
¥-in. round holes; beds were 1214, 15 and 1114 in. deep in compartments 1, 2 and 3 respec- 
tively. Feed was bituminous coal crushed to about l-in. and fed without sizing. Per- 
formances are shown in Table 27. The long, slow strokes of the second test improved the 
grade of shipped coal by improving the ash reduction in the coarse sizes. There was, 
however, a reduction in yield and capacity. The longer stroke gave a more fluid bed, 
permitting better stratification, as evidenced by the higher grade of coal in the coarse sizes 
and the larger quantity and lower grade of slate drawn. On the other hand, more fine 
coal was drawn down into the first two hutches and lost, on account of the increased suc- 
tion, Fig. 14 shows the results of a sizing-specific-gravity analysis on the feed and products 
of the jig, reduced, in plotting, to effi- 
ciencies of removal of material of dif- 


ferent specific gravities at different sizes. w 1 

This shows that ease of removal de- £ 1to% 1.7 -1, 
creases, of course, with decreasing speci- i : 7.6 tol. 7. 

fic gravity, that material of +1.80 sp. ¢ '%to% 

gr. is readily removed atallsizesdown $% \ tok 1.4 to 1.8 1.8 to 1. 

to Ya-in., that —1.80 +1.70 material is 3 ™ 

also readily removed in the same size 3 Y, to Ye 

range, that the —1+4-in. material is £ , 

the most difficult of the +Y%s-in. ma- @® Ys to Xe 

terial to remove, due, no doubt, to the 3 Ys, to Vey 

fact that the interstices in the coal bed ™ ; ae-D>=al 

are too small for its ready passage down- MG 10 20 30 40 50 60 70 80 90 100 


ward; that for the lighter materials maxi- 

mum removal takes place in the size 
range from Ya- to %-in., which is ac- : . b 
counted for by the fact that this materia] Fie ; 14.—Relation between particle BIZe) 
can pass down readily through the inter- specific gravity and efficiency of removal in 
stices of the bed and discharge either an Elmore coal jig (afler Yancey). 
through the coarse-slate draw valve or 

into the hutch; finally that distinct ash reduction is effected even at Ya-in. to 200-mesh 
size on a jig handling l-in. lumps. Hancock (6 CI 56) found, on the other hand, that the 
ordinary single-compartment jig sends most of the — 14-in. impurities into the washed 
coal and that substantially no improvement in grade is effected at 20-mesh or finer sizes. 
Hancock’s results are not entirely at variance with Yancey's, in that Yancey worked with 
a long, slow stroke and much suction, thereby making rather high-coal hutch products, 
but effecting noticeable reduction of fine ash, while Hancock refers to ordinary jig operation 
with suction minimized. 


Wilmot (Simplex) valve-plunger jig is of the pulsion-type with gate-and- 
dam discharge. The plunger is similar in position and arrangement to that 
of the Dee jig (Fig. 6) and is fitted with a plurality of small valves that open 
on the downstroke and thus, with free water inflow under the plunger, prevent 
any downward flow through the jig bed. 

With a speed of 140 r.p.m. on buckwheat-size anthracite (— 4% + 4-in. round hole) 
the capacity was 25 tons per hr. At this rate, with a feed containing 30 per cent. slate, 


the coal discharge contained 8 per cent. slate and the slate discharge 1 per cent. coal (25 CA 
674). Performance at DRIFTON BREAKER (p. 48) is shown in Table 28. 


Efficiency of removal, per cent. 


Table 28. Capacities of Simplex jigs at Drifton breaker 


Tons per hour Goalicoutent 


Size of refuse, 

Oct., 1916 Maximum Det tote 
Was te. 5.5 7.4 1.00 
Stove ew 5) 122 
INURE sree ces 6.8 ite be7, 1650 
a ot yr A of 5.4 11.0 2.90 
Buckwheat....... 9.9 14.7 3.79 
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Delaware jig (Fig. 15) is of the piston type with grate inclined toward the 
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discharge side. Feed enters 
through a chute under the pis- 
ton compartment behind baffle 
A. Slate is discharged through 
and under adjustable baffle F, 
thence under another adjust- 
able baffle and presses against 
the slate gate I which is con- 
nected by means of rods J and 
rope K to an adjustable coun- 
ter-weight L, which, therefore, 
controls the rate of discharge 
into the boot of the bucket 
Coal discharges over 
a plate onto the lifting plunger 
O and is thereby discharged 
over chute R. The jig is usually 
built with two sieve compart- 


* ments side-by-side, each about 
4 ft. wide by 5 ft. 8 in. long. Depth of bed is about 21 in. at the discharge end. 


Performance is shown in Table 29 (DH#). 


Table 29. Performance of Delaware jig 


Material, weight, per cent. 
Size and assay 
Feed Concentrate Tailing 

Stove, per cent-of total... 1.2.0.0... 0085 93.3 90.6 88.6 
Stove, per cent. of coal..........05..:. 68.9 96.5 1.4 
Stove, per cent. of bone............... 2.2 1.4 0.8 
Stove; per cents of slate mcs. 0. cca les 28.9 2.4 97.8 
Nut, per cent. of weight............... 6.2 9.1 9.4 
INWt; pereente of Coal ive oy... c 4. yack se 81.3 100.0 3.0 
Nut;-per cent. of slate SiS D1 22 2. Beta Rid ae BE AI ae A as one 97.0 
Pea, per cent. of weight......5..0.0...: 0.2 0.2 1.4 
Pea er Cenbu Ol COMP factor ecm ph tt mec 100.0 100.0 33.7 
eA PEICONE VOLS GOn fs spepe as hc tage ee Ns Ge cg coer Be tcc Onis ie Bo a 66.7 
Smaller, per cent. of weight............ 0.3 0.1 0.6 
Tons per 100 tons of feed.............. 100.0 71.4 28.6 
Assay, per GeNG. Ol COM cep cen eee cee si 69.8 96.8 2.6 
1 ATE HOHE AAR sreneaiods Sich it eae PIR RLCOAPE A TOES. 31 earnest erates! 98.9 


Breakage of stove sizes 3.7 per cent. 


Luhrig jig is a piston jig that is largely used for 
treating sized bituminous-coal feeds. It is made in 
two different forms according to whether the feed is 
fine or coarse. The coarse-coal jig (Fig. 16) has the 
grate slanting toward the discharge end, and is fitted 


with manually controlled slate-discharge gate and ! 


slush-discharge valve. Coal discharge is by overflow. 


The fine-coal jig is similar except the grate slopes 
slightly toward the feed end; there is no slate-dis- * 


charge valve, but the jig is bedded with coarse feld- 
spar and slate i is discharged through the bed into the 


hutch. Coal is discharged by simple overflow. Fy. 16. 


Grate sizes range from 33 X 35 to 42 X 54 in. 


Sie coarse- 
coal jig. 


| 
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Average speeds i in Illinois practice (Bul. 11 UI No. 9) are 79 @ 3- to 7-in. strokes per min. 
for coarse-coal jigs, —314 +3-in. to —1 + 34-in. feeds, and 157 @ 3- to 2-in. strokes per min. 
on fine (— 34-in.) coal. Grates have 14- to YA -in. round. holes in coarse jigs and 34-in. or larger 
holes in fine jigs. Average capacity, all sizes, in twenty Illinois washeries was 0.6 ton per 
sq. ft. of grate surface per hour. 


Foust jig (Fig. 17) is a multi-compartment piston jig for coal treatment, 
designed to jig refuse into the hutch through a bed made by the jig itself. 

It has also had considerable success in treating lead-zinc ores in the Joplin 
district. It uses two plungers to each sieve, placed one on each side of the 
sieve, the combined area of the plungers being 
about 10 per cent. greater than that of the screen. 
The eccentric shafts are rigidly linked together 
to synchronize the plungers. More uniform water 
distribution is thus obtained than in the single- 
plunger construction, allowing a thinner and 
lighter bed with consequent reduction in water 
consumption. The construction is, however, 
necessarily more massive. A cup-type concen- 
trate draw is used in metal concentration. This 
is designed to be self-regulating but is difficult to 
reach and liable to clog. The hutch draw must be placed under the center 
of the jig tank in a most inconvenient position. Partitions between screen 
and plunger compartments are extended 18 in. below the screen. 
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Fig. 17.—Foust jig. 


A 2-compartment jig at InLiInois Hocking WasuEp Coat Co. (Bul. 11 UI No. 9) treated 
45 tons per hr. of — 34-in. bituminous coal, making a refuse containing 74 per cent. ash. This 
jig made 130 strokes per min., 1 in. long on the first compartment and % in. on the second. 

At Paciric Coau Co., Issaquah, Wash., (28 UW 128) a 2-compartment Foust jig treat- 
ing —1-in. slack assaying 21 per cent. ash, at the rate of 13 tons per hr., made washed coal 
containing 13.3 per cent. ash and refuse assaying 46.1 per cent. ash. Recovery of combus- 
tible was 84 per cent.; yield, 77 per cent.; reduction of ash, 37 per cent. 


Forrester jig (Bul. 11 UI No. 9) is of the plunger type; it is used in treating 
unsized coal. The plunger is carried by stirrups, actuated from a lever, which 
in turn is actuated 
by a crank wheel 
and connecting rod. 
a Washed coal and 
1 refuse are discharg- 
ed from the screen 
in the usual manner. 

A 30 X 36-in. jig 
with 76-in. screen per- 
forations making 40 @ 
6-in. strokes per min. 
treats 25 tons per hr. 
of  —2.5-in. raw-coal 
screenings. 


Take-up slate 
conveyor 


conveyor 


of dcreen 
36 “wide 


3 
Fi —--— 


g 


Ransom jig (Fig. 
18) is a piston Jig de- 
signed to eliminate 
suction and was par- 
EB IO 1988 (eos 5-2 =a @ ==: ticularly built for 
the treatment of 
fine sizes of anthra- 


cite. The characteristic element is the set of flap valves B, which open on 


Fic. 18.—Ransom jig. 
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the pulsion (down) stroke of the plunger and close on the up stroke, thus 
causing a pulsating rising current with no downward currents. The valves 
A prevent the plunger from becoming airbound. Slate discharge is of the 
gate-and-dam type. 

The following are the composite results of one 4-hr. and two 7-hr. tests on anthracite 


(25 CA 674): Feed, No. 1 buckwheat [20 to 30 per cent. ash]; slate in coal discharge, 
3 per cent.; coal in slate discharge, 6 to 8 per cent, average 7% per cent. 


Baum jig is a fixed-sieve Jig, built like the ordinary piston jig except that 
pulsation of the water is obtained by intermittent admission of air into and 
expulsion from a closed chamber which replaces the usual piston working zone. 


A one-box machine (12 ft. long X 8 ft. wide) treats 20 tons per hr. of — 14-in. bituminous 
coal at a British washery, making a clean coal containing 5.3 per cent. ash (67 IME 497). 


New Century coal jig is similar to the Luhrig coarse-coal jig, except 
that the jig grate slopes toward the feed side and the piston mechanism gives 
a quick down stroke, controlled by means of a cam and spring. 


Feeding coal jigs is a more difficult problem, even, than feeding jigs in metal-concentrat- 
ing plants on account of the great variations from hour to hour, in normal operation, in the 
tonnage of different sizes coming from the screens. , At the Pennsylvania breaker of the Sus- 
QUEHANNA COLLIERIES Co. (19 CA 618), a battery of jigs treating the same feed was arranged 
in steps and fed from the same feed chute. The latter was so designed that no material left 
the chute except by the lowermost outlet until the latter had filled with banked-up coal and 
the banking had extended back to the preceding opening, which then also drew. This 
banking repeated until all chute outlets, each feeding one jig, were filled, or until conditions 
stabilized at some lower feed rate. The individual chutes were so arranged that when 
coal backed up in them a belt shifter operated to start the jig, and when feed had all worked 
out of the chute the jig stopped. With this arrangement only the highest jig in the bank 
operated underloaded. 


MOVABLE-SIEVE JIGS 
7. Hancock jig 


Description. The principal parts of the apparatus (Fig. 19) are a com- 
partmented tank (a), movable sieve (b), and sieve-actauting mechanism (c, h, 
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Fic. 19.—Hancock jig. 
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i, j, k, l, m,n, p). Feed is introduced onto the screen at (d), and caused 
to progress along the screen by a series of grasshopper-like jumps induced 
by the sieve-frame motion. Concentrate works down through the sieve into 
the head-end hutch compartments, middling is drawn down into the later 
compartments under the screen, coarse tailing falls into compartment (e), 
fine sand collects in (f), and slime and excess water overflow at (g). An 
extra, small compartment is often provided under a coarse screen between 
the last middling and the tailing compartments to catch any chance pieces 
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of concentrate or middling too coarse to pass the screen or any piece of the 
bedding material (RacGING) that may carry over. Two standard sizes of 
jig are made: the larger with a 6-compartment tank 25 ft. long, 4 ft. 2 in. wide 
and 5 ft. 9 in. high; the smaller with a 5-compartment tank 18 ft. 6 in. X 4 ft. 
ft. 5in. X 5ft. The sieve of the larger jig is about 20 ft. X 2 ft. 8 in. in the 
clear, when made of wood; when made of steel the screening surface is 20 ft. 
4 in. X 3 ft. The actuating mechanism, usually placed below the tank but 
occasionally above to escape splash and grit, is driven by a cam shaft with 
a 3-armed cam (c). The cam ears engage the end of lever (i). Lever (2) 
actuates lever (h) through the link (j) and the levers (i) and (h) actuate 
rocker-arms (k) carrying 4 upright rods(/) connected in pairs at the top by cross- 
bars (m) to which the sieve frame is attached. The head-end cross-bar is 
linked at both ends to the jig tank by inclined radius-links (n) adjustable as 
to their inclination with the horizontal by movement of the pivot pins in 
quadrants (p). A considerable part of the weight of sieve frame and load 
is counterbalanced by the lever arms (g). When lever (z) is raised by a cam 
ear, the sieve frame is raised by rods (1) and pulled forward by the radius links 
(n); when the cam releases the frame falls by gravity and at the same time 
is pushed backward by the radius links. The links work with an amount 
of lost motion controllable between 0 and 1% in. which produces a bump of 
greater or less intensity. The effect of the backward fall of the sieve-frame 
and the bump combined is to cause forward travel of the material over the 
sieve-frame, while the vertical motion produces the reciprocating water cur- 
rents through the bed that cause stratification and separation of the minerals. 


Construction. Complete jigs may be bought from various manufacturers, but usually 
only the iron-work is purchased and the jig tank and supports and sieve frame are built on 
the ground. Wooden tanks are invariably used. They are built of 4-in. tongue-and-groove 
clear plank strongly stayed both vertically and horizontally at the compartment partitions. 
Partitions may be placed at any desired position, the best places being determined by 
experimental work. They are usually so placed that the first concentrate and last middling 
compartment are considerably 
longer thanthe others. The sieve d (/) 
frame is made either of wood or it. 
steel. The wooden-frame has four 
sides made of 2 %- or 3-in X 18-in. 
plank set on edge, and a grate (e) 
(Fig. 20) whose upper surface is 
about 6 in. above the bottom of 
the sides, for holding the screen. 
Top slats or battens (d) serve the 
double purpose of holding down 
the screen and of keeping thebed Fig. 20.—Wooden sieve frame for Hancock jig. 
in place. One method of holding 
down the battens is shown in Fig. 20. Hardwood movable wedges (a) are driven between 
a fixed wedge (b) and a longitudinal bearing strip (c) placed against the side walls above 
the upper grid. The battens may be cambered about % in. at the center. Packing strips 
(f) on the outside of the sieve frame and in a corresponding position on the inside of the 
tank prevent excessive displacement of water on the down stroke with consequent loss of 
pulsion. Steel sieve frames are built up with light-weight plate girders for side bars and suit- 
ably cross-braced. A sectional grate of 1 X 3-in. oak cross slats, iron-shod, with 2 X 3-in. 
oak rails is bolted in position in the frame (93 J 1178). Steel is lighter than wood, hence 
consumes less power, and gives greater screen area, which increases capacity. Bearing 
boards and hard-pine wedges are used to hold down the upper slats and screen. Hutch 
discharges are of many types. Twoforms are shown in Fig. 21. Gates should be capable 
of reasonably close regulation and of quick wide opening. Considerable water economy 
may be effected by discharging coarse tailing with the chain drag or a shovel wheel. The 
water level is maintained about 3 to 4 in. above the surface of the solids on the screen or 
about 12 in. above the screen itself. It is controlled by slats placed in guides in the 
overflow weir, provided that the water supply is sufficient to more than satisfy any hutch 


Side Elevation 


Section on A-B 
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draws. To prevent fluctuation in water level at the Leadwood mill of the Sr. JosmPH 
Leap Co. a float in the tailing compartment controlled a butterfly valve in the feed-water 
pipe. A solid foundation of concrete or masonry ds usually provided but the Dor Run 
Leap Co. placed a 25-ft. jig on a steel trestle 18 ft. high with no serious vibration resulting. 

Operation. The usual speed range is 180 to 195 strokes per min. corresponding to 
60 to 65 revolutions of the drive shaft; a higher speed will increase tonnage but is very hard 
on the mechanism; at lower speeds the bed tends to pack. The length of the vertical 
stroke together with the amount of hutch water provided determines strength of pulsion and 
suction. The usual length is 34 to 34 in. With a long stroke more hutch product is made 
and the operator varies this adjustment according to the tonnage and character of feed. 
Horizontal throw is usually about 34-in. It should be as long as possible in order to cause 
quick travel across the bed and thus maintain a thinner bed for a given tonnage. 

All of the concentrate and middling made on a Hancock jig is made through the screen. 
This necessitates the maintenance on the screen of a bed of grains of heavy material larger 
than the openings in the jig sieve. This 
may be coarser particles of the mineral 
that is being saved or artificial grains 
such as steel-plate punchings or iron or 
steel balls. The latter are used when 
the gangue is heavy. The bed is held in 
place by the grid on top of the screen 
and the maximum depth of bed is de- 
termined by the depth of the grid slats. 
The transverse slats in the grid corre- 
spond with the supporting slats and are 
poococsd 3 spaced 3 to 6 in. in the clear. Fre- 

Ta quently longitudinal slats are also used 

Section A-A in order to permit close control of the 
Oetails of Hutch Gate thickness of the bed at different points. 

tore <jjiog At ANaconpa brass castings forming 

Fig. 21.—Discharge draws for Hancock jigs. poUkbty BIL 10% 8 a MMe tena 
instead of wooden top slats. They were wedged down in the usualfashion. Before starting 
the machine each pocket is filled two-thirds to three-quarters full of ragging. If the bed is 
too loose, add more ragging and vice versa. The usual depth of the top grid is from 2 to 
3 in. The screen aperture determines the size of particles held back and this, in turn, 
determines the size of interstitial passages, thus controlling the work of the jig. (See Art. 1.) 

Screens are rarely of the same aperture for the full length of the sieve. The underlying 
principle controlling choice of screen aperture is that the bed should gradually decrease in 
specific gravity and increase in grain size from head to tail end. Openings are usually 
smallest over the first compartment in order to maintain a fairly tight bed and thus increase 
pulsion in comparison with suction and insure clean, fine-grained concentrate. The same 
opening may be maintained until near the end of the second compartment, when one to 
three rows of holes large enough to pass the largest particles of free mineral are introduced. 
These holes pass such particles while middling grains, both coarse and fine, are by this time 
stratified well above the large heavy grains of mineral and hence do not pass through with 
them. Smaller holes, although not usually so small as those over the first compartment, are 
placed above the third compartment and fine rich middling is drawn down. Openings gen- 
erally increase in size toward the end of the screen, with or without intervening rows of 
larger holes. At the end of the screen large holes are again provided to pass the coarsest 
middling particles. It is, in general more difficult to make a clean separation of tailing 
from low-grade middling than to separate concentrate of suitable grade from high-grade mid- 
dling, hence the latter operation is performed in as little space as possible and the balance 
of the jig is given over to the former work. In a particular operation on SOUTH-EASTERN- 
MiIssouRI LEAD orbs the concentrate was substantially clean galena assaying 82.3 per cent. 
Pb with a specific gravity of 7.00 and the rich middling assayed 60.4 per cent. Pb with a 
specific gravity of 5.20; difference in specific gravity, 1.80. The low-grade middling 
assayed 4.91 per cent. Pb, the tailing sought carried 0.14 per cent., the respective specific 
gravities were 2.95 and 2.82, difference 0.15. There being only a small amount of free 
galena in the feed, the first two hutches, used for making concentrate, were allowed only 
80 in. out of a total length of 240 in. 


uThe last hutch is usually run with very heavy suction in order to take out all possible 
value in the middling. 

The screens are punched plate or woven wire. At ANACoNDA Ton-cap screen was most 
satisfactory; it outwore ordinary woven wire cloth and was easier to keep clean. 
: Satisfactory operation depends on a constant feed rate and metal content. Increase 
in the amount of valuable mineral from any cause produces heavy beds with consequent 
travel of concentrate and middling toward the tail end; decrease causes loss of bed with 


Me 
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consequent introduction of middling into the concentrate. The’ operator compensates 
for unavoidable fluctuation by shoveling off the bed when it becomes too heavy, shoveling 
on when the feed is light or plugging some of the screen holes or putting on finer screen. 
Fine gangue in concentrate may be due to leakage in the joints in the sieve tray. If the 
addition of ragging or increase in hutch water does not cure the condition, this possibility 
should be investigated. 

Water consumption varies according to the size and character of feed, method of discharg- 
ing tailing, tonnage treated and character of product’ desired. With chain-drag tailing dis- 


_ charge it may run as low as 150 gal. per min. when treating 350 to 400 tons per day of low- 


grade lead ore and about 850 gal. per min. with gate discharge of tailing and strong suction 


‘in the middling compartments induced by running with open gates. 


Power consumption is from 4 to 6 hp. with normal load, stroke and speed. A test at 
Anaconpa showed 5.2 hp. for motor, countershaft and jig and 3.7 hp. for the jig alone. 

Capacity depends on the character of work demanded but ranges from about 300 to 600 
tons per day. 

Applicability. The Hancock jig is particularly applicable to the treatment of low-grade 
ores, recovering a small amount of high-grade concentrate and rejecting tailing. It does 
this, however, at the expense of re-treatment, in circulation, of a large quantity of low- 
grade middling, much of which is true tailing. At many plants, also, it is necessary to re- 
treat the tailing of primary Hancock jigs in order to recover low-grade middling that has been 
carried along in the crowd for high tonnage. The jig is not suited to close separation of light 
middling grains from gangue and hence cannot be used where mineral is finely disseminated. 
It has had its principal use in this country in treatment of the mid-continent lead ores, 
but has also been used to treat copper ores at Anaconda and in the Lake Superior district. 
The best kind of feed is de-slimed but otherwise ungraded material ranging in size downward 
from about %-in. Wiggin (46 A 213) determined that on ANACONDA ore the minimum 
economic size of free-mineral grain in the feed should be not less than 0.17-mm. On coarser 
grains the recovery was from 95 to 100 per cent., but at this size recovery dropped to 50 
per cent. He found also, in treating de-slimed —10-mm. material, that recoveries were 
improved by sizing the feed on a 4-mm. round-hole trommel and treating the sizes separately. 
Substitution of Hancock for Harz jigs in Frperau Leap Co. No. 3 miu caused simplifica- 
tion of the flow-sheet by reduction in number of jigs and elimination of the screens and class- 
ifiers required for close grading of feed for Harz jigs; increase in capacity in the same mill 
space from 2600 to 4000 tons per day; and marked decrease in power and water consump- 
tion per ton milled. Experience at ANACONDA was similar, higher recoveries and saving in 
operating and repair labor were noted. Disapvanraces noted at Doz Run No. 3 mini 
(98 J 1283) were the low recovery of mineral finer than 1.5-mm., no way to remove coarse 
galena concentrate from the screen until it wore down or went into middling, and inability 
to maintain even depth of bed with variable feed rate. Difficulty in separating low-grade 
middling from tailing has already been mentioned. 

Performance. BoNNE TERRE MILL, St. JosepH Leap Co. A most exhaustive study of 
the work of the jig on the galena-dolomite ore of this company is reported by Rabling 
(57 A 309). The jig was a standard 25-ft. size making concentrate from the first three 
hutches, middling from fourth and fifth and tailing from the sixth. Speed, 190 to 195r.p.m.; 
vertical-stroke was varied by the operator between % and 3% in.; horizontal, 34 in.; depth 
of ragging, 3 in. The feed was the product between 9- and 2-mm. round-hole trommels. 
At the beginning of the testing work the results on 400 tons per day of original feed were as 


Table 30. Hancock jig, Bonne Terre mill. (After Rabling) 


Before changes After changes 
Material 

Tons per Assay, Tons per Assay, 

24 hr. total | per cent. Pb | 24 hr. total | per cent. Pb 

Heed, originaltest .nsiecdd to. eiot.s AOOk, CVE Ino. naetey 34.4 AQSiMI-H ata BEAT, Yee 
eed, itotalay. saratarih ais. ser. 750 4.06 505 4.74 
Concéntratenaw 2 untied sol edo 16.5 70.00 WT 75.00 
Moatdling?t! ta. <i 6. ann agian 475 3.50 195 8.16 
RSD gaye. 430 ua at Ot. uSios 258.5 0.90 302.3 0.74 


shown in Table 30. A sizing-sorting-assay test of the feed is given in Table 31. AImprove- 
ment in results was effected principally by change in the system of screens used, with result- 
ing change in the character of the bedding. The final screen system is shown in Table 32 
and final results in Table 30. Sizing-sorting-assay test on a typical set of products is given 
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Table 31. Sizing-sorting-assay test on Hancock-jig feed, Bonne Terre mill. 
(After Rabling) 


Nn ES 


P Per cent. of weight Per cent. of total 
Per Assay, toed on each mesh weight 
Mesh cent. Soak of total 
Bosc lead lead Free Mid- Free Free Mid- Free 
Comeer galena | dling | gangue| galena | dling | gangue 
On 3.. 3.1 3.14 2 1404 spo Bie 34.5154) 165.25 hi. tas 1.078 | 2.022 
On 455. oF a 11.9 3.41 10.00 0.16 28.00 | 71.84 | 0.019 3.330 | 8.551 
On 6s a 17.6 3.66 15.91 0.26 25.86 | 73.88 | 0.046 | 4.550 |13.004 
On 8.. 26.0 3.85 24.69 0.78 22.57 | 76.65 | 0.203 5.870 |19.927 
On 10. Jace. 24.7 4.73 28.84 1.02 20.69 | 78.29 | 0.252 5.110 |19.338 
On 94.5 a3 12.4 4.62 14.13 1.32 18.81 | 79.87 | 0.164 2.335 | 9.901 
Through 14. 4.3 3.80 4.03 1.80 12.20 | 86.00 | 0.077 0.525 | 3.698 
Ota oiere ns 3: 100.0 4.06 |100.00 0.76 22.80 | 76.44 | 0.761 |22.798 |76.441 
Assay, Per cent. of lead Per cent. of total 
per cent. of lead on each mesh lead content 
Mesh 
Free Mid- Free Free Mid- Free Free Mid- Free 
galena | dling gangue galena | dling | gangue| galena| dling | gangue 


OMS Se na ee ees ae STOLE OUI EO 95.38 


ClO Final pes gates: 2.290 | 0.111 
One wir At 86.8 | 11.2 0.18 4.06 | 92.14 | 3.80 | 0.407 | 9.213 | 0.380 
Oni6 Ge Ht 86.7 | 12.62 | 0.24 6.14 | 89.02 | 4.84 | 0.976 |14.165 | 0.762 
Ones isa 80.3 | 13.71 | 0.17 | 16.34 | 80.27 | 3.39 | 4.030 |19.819 | 0.836 
On JO 82.0 | 18.09 | 0.20 | 17.80 | 78.90 | 3.30 | 5.140 |22.745 | 0.955 
Oml4.en Ws: 81.6 | 17.84 | 0.22 | 23.40 | 72.79 | 3.81 | 3.300 {10.295 | 0.538 
Through 14.| 80.5 | 17.45 | 0.26 | 38.15 | 56.00 | 5.85 | 1.537 | 2.257 | 0.237 


Table 32. System of screens used on Hancock jig at Bonne Terre mill 


4-mm. round hole to rib... 3 3 ribs 
5-mm. round hole to rib... 15 12 ribs 
7-mm. round hole to rib... 16 1 rib 

6-mm. round hole to rib... 22 6 ribs 
7-mm. round hole to rib... 30 8 ribs 
8-mm. round hole to rib... 31 1 rib 

6-mm. round. hole to rib... 41 10 ribs 
9-mm. round hole to rib... 43 2 ribs 
5-mm. round hole to rib... End 3 ribs 


in Table 33. - In regular operations in this mill in 1919 the screens were as follows: sheet 
steel, 4-mm. aperture on compartment No. 1, 5-mm. on No. 2 with a row of 7-mm. holes at 
the tailing end, 6-mm. on No. 3, 7-mm. on No. 4 with one row of 8-mm. holes at the end, 
9-mm. on No. 5 with 2 rows of 10-mm. holes 3 rows back from the discharge end. Life of 
screen was about 6 weeks for 4-mm., 7 weeks for 5-mm., 8 weeks for 6-mm., 9 weeks for 7-mm. 
and 12 weeksfor9-mm. A 5-in. bed was carried. Power consumption, 5 hp. at 195 strokes 
per min.; 34-in. horizontal and %-in. vertical throw. Capacity, 375 tons new ore per 24 hr. 
One man attended two machines. Lost time was less than 0.1 per cent., principally due to 
broken rocker-arm shafts. Water consumption, 500 gal. per min. Changes in length of 
stroke, character of bed and water quantity were left to the operator. Sizing test of feed 
as in Table 31. Feed contained 12 per cent. moisture. Assays, per cent. Pb; feed, 2.5: 
tailing, 0.75; concentrate from first hutch, 75.0; second hutch, 65; third and fourth com- 
bined, 20; fifth, 2. At the Rrvermrnes MILL of the same company a 5-compartment jig. 
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3 X 25 ft., was fitted with punched soft-steel plates, 3 X 4 ft., with 5-mm. apertures on the 
first and second compartments, 6-mm. on the 3rd, 7-mm. on the 4th, and 8-mm. on the 5th. 
Life of screens was 30 days. Feed was all through 9-mm. and 10 per cent. through 10-mesh, 
and contained 40 per cent. moisture. 850 tons per day was treated including circulating 
load. Water consumption, 300 gal. per min. 3-in. bed. 190 strokes per min. 5 hp. 
Three machines per man. Lost time, due principally to changing screens, 2 percent. Reg- 
ulation of water and stroke were left to operator. Assays, per cent. Pb.: Feed 3.0; tailing, 
0.5; concentrate, 70; middling, 4. At Frperau Leap Co. miu No. 3, a 25-ft., 6-compart- 
ment jig with screen frame 32 in. wide was fitted with the following screens: First compart- 
ment, 3 ft. 9 in. long, 5-mesh brass wire; second and third, 3 ft. 1 in. each, 4-mesh brass wire; 
fourth, 3 ft. 6 in., 12-mm. punched-steel plate; fifth, 4 ft. 7in.,9-mm. plate. Life of screens 
was 5 to 6 months. Feed: on 12-mm., 1.4 per cent.; 10-mm., 3.1 per cent.; 8-mm., 9.2 
per cent.; 6-mm., 16.2 per cent.; 4-mm., 17.9 per cent.; 2-mm., 29.3 per cent; through 2- 
mm., 22.9 per cent., containing 43 per cent. moisture. Feed rate, 400 to 500 tons per day. 
195 strokes per min., 34-in. vertical and %-in. horizontal throw. 4-in. bed. Water, 
190 gal. per min. 5 hp. Two machines per man. Stroke regulation left to operator. 
3 to 4 per cent. lost time, due to cleaning and changing screens and general repairs. Assays, 
per cent. Pb: Feed, 3; tailing, 0.65; concentrate, 70; middling, 3.5. At Fepprau MInine 
AND Smeuttina Co., Morning mill, standard 25-ft. Hancock jigs were used on both coarse 
and fine feeds. On the ‘‘coarse’’ jig the feed was all through 12-mm., 66 per cent. on 4- 
mesh, 26.6 per cent. on 6-mesh and 7.4 per cent. on 16-mesh, with 53 per cent. moisture. 
Screens were 5-, 7-, 9-, 12-, and 14-mm. round-hole punched-steel plates on compartments 
1 to 5 respectively. Life of screens, 75 days. 6-in. bed was carried. 180 strokes per min., 
length variable. 5hp. One man attended 2 jigs and 4 sets of rolls. Lost time, 0.05 per cent., 
due principally to changing screens. Length of stroke, quantity of water and character of 
bedding were regulated by operator. Results for April, 1917, are given in Table 34. ‘‘Fine”’ 
feed was all through 4-mesh; 9.6 per cent. on 6-mesh, 63 per cent. on 16-mesh and 27.4 per 
cent. through 16-mesh; 45 per cent. moisture. Screens, punched-steel plate, 3-, 3-, 3-, 5- 
and 7-mm. round holes on compartments 1 to 5 respectively, life about 75 days. 180 
strokes per min. 5 hp. Attendance and lost time as above. See Table 34 for operations 
during April, 1917. ANAcoNnDA ran extensive tests before replacing Evans jigs by Han- 
cock jigs. The work was done on a 25-ft. jig with tray 20 ft. X 2ft. 8in. Speed, 190 to 


Table 35. Hancock vs. Evans jigs, Anaconda Copper Co. (46 A 217) 


Natural feed, 
— 8mm, Sized |Classified 
round-hole feed, feed, Evans 
— 8-mm. |11-mm.to U1 
+2.5- |0.25-mm.| System 
Low High mm. quartz (c) 
tons tons 
Tons of feed per 24 hr.: 
IAVEY ABO cet -fetie chins cole s guitare ete die ted 420 865 545 480 430 
Makxintumistrr.. misused Sect het dees 450 O80. silt 5st Broa 0s sist ees 480 
ETN AUT, Gs oars pow uabiuecieosawesunsess 2 MEUNORS Sees 400 265 Ue NE Sk San a Bs 8 420 
Feed, perkcent.\ Cus, oe orate, ats ong otanags, heme 3.31 3.43 2.71 2.95 3.38 
Concentrate, per cent. Cu.............. 9.00 9.15 13.90 9.58 10.5 
Concentrate, per cent. insol. (SiO02g+ Al2O3)| 30.7 25.8 18.7 23.8 1253 
Middling»perscent:) Cus 0 cceaee oe oe rou. 1.56 2.04 1.46 1.10 1.70 
Recovery mpercents. fees oa ora ors te oi ho me 59.2 49.6a@ | 51.6d | 58.7 48.7 
Machines displaced by Hancock Jjig(c): 
Evans jig compartments.............. 32¢ 64 64 Jn Wa Pi rao: 
Hivans: classiflers.aces . «1c cs eedate dae oe 2 4 0 Ol he See eee 
ALTOMUINCIS 2S OX Oxkbasicstnete a ced mato ke 4 8 4 4:10. deateee 
Screen area, Hancock, square inches..... 6690 6690 6690 5506-—-)s tenn 
Screen area, Evans retired, square inches.| 36,500 | 73,000 | 48,670 54720 || ecktctoevers 
Water consumed, gallons per ton........ V5808 xo nct at 350 515 3500 


a Feed rate too great for efficient treatment. 6 High, on account of back water 
necessary to keep fine sand and slime out of concentrate. c 8 @ 2-compartment Evans 
Jigs treating 8- to 5-mm. feed, same on 5- to 2.5-mm., feed; 2 @ 4-spigot classifiers on 
— 2.5-mm. material; 8 @ 2-compartment Evans jigs on classifier spigot products; 2 @ 


5-mm. and 2 @ 2.5-mm. trommels. d Lower than ‘‘natural’’ low tons on account of lower 
grade of feed. 
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Table 36. Comparison of Hancock, Evans and Woodbury jig systems at Anaconda. 
Feed all through 8-mm. screen 
Number of machines Screen area, square feet 
Number 
System | of tons Trommels 
smnraged Jigs Jigs Trommels 
8-mm. 5-mm 2.5-mm. 
9 24 2 2 2 254 339 
Evans 11 12 1 1 1 127 170 
10 12 il if 1 127 170 
6 1 2 (9) 0 46 113 
Hancock 3 1 2 0 0 46 113 
9 1 2 0 0 46 113 
9 1 4 0 0 46 226 
Wood- ll 5 1 0 0 35 56 
bury 10 5 1 0 0 35 56 
Tons of feed Water, gallons 
Number |_ 
System | of tons Per square Per square Per square 
averaged Perea ar foot of jig | foot of floor | Per ton of foot of jig 
: screen space ore screen 
per 24 hr. per 24 hr. per 24 hr. 
9 446 1.76 0.61 3457 6064 
Evans 11 190 1.50 O5525 pe \seapy Hhaeehe > RISA ee oie re 
10 228 1.80 (ORS Pi IP ea eel RS trees 
6 411 8.94 3.70 884 7899 
Hancock 3 414 "9.00 3.73 979 8818 
9 408 8.87 3.68 919 8145 
9 756 16.43 6.81 569 9339 
Wood- 11 221 6.31 2.19 1502 9582 
bury 10 223 6.37 2.20 1348 8599 
Number Assay, per. cent. Cu 
System | of tons 
averaged er 
Feed Concentrate Middling Slime Tailing 
9 3.27 10.50 1.70 3.49 0.97 
Evans ih 3.29 a a 3.29 0.69 
10 2.89 a a 3.18 0.79 
6 3.25 10.30 Vids 3.24 b 
Hancock 3 3.40 8.10 1.62 Broo: 10) 
9 3.34 10.60 1.84 3.39 b 
9 3.58 9.15 2.49 3.63 6 
Wood- 11 3.01 9.69 1.65 3.53 0.76 
bury 10 3.07 9.90 1.89 3.40 0.84 
a Noassays. 6 None made 
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195 r.p.m., vertical stroke 34- to 34-in.; horizontal stroke, variable. No tailing was made. 
Concentrate was drawn from the first three hutches, middling from the fourth hutch was 
circulated, middling from the fifth and sixth hutches was re-ground. Results are given in 
Table 35. Further data from ANACONDA presenting the results of competitive tests between 
Hancock, Evaus and Woodbury jigs are given in Table 36. 

Franz jig (13 CME 599) is of the movable-sieve type with a screen 2 ft. 
-3 in. by 10 ft. (long). For jigging coarse (+2-mesh) lead-zine ores screen was 
round-hole punched plate with 5{¢-in. holes in first 2 
ft., 14-in. holes for next 3 ft., 24-in. holes from 5 to 7.5 
ft. and 34-in. holes to end. Fine jig (—2-mesh, de- 
slimed) used equal lengths of 34¢-, 14-, {g- and 34-in. 
plate. Both fine and coarse jigs were run at 240 
r.p.m., the fine with %4-in. strokes and the coarse 
1- to 144-in. Capacities: 120 tons per day, coarse; 
80 tons, fine. The first three hutches of the coarse 
jig averaged 30 per cent. Pb; the first hutch of the 

fine jig, 35 per cent. 
James jig (Fig. 22), for metallic ores, consists of 
Rie, 22 Janes jis. 2 movable sieve, usually less than 30 X 36 in., sup- 
ported by means of a rubber diaphragm and two 

spring connecting rods on the drive shaft (a). 


At Norra River Garner Co. (118 J 529) the machines are run at 225 strokes per min.; 
the bed is about 314 in. thick; screens are 6- to 30-mesh. Garnet is separated from 
hornblende and feldspar. Capacity is 10 to 50 tons per machine per 20 hr. depending on 
size of feed. About 2 hp. is consumed per sieve. 

Hooper vanning jig (Fig. 23) consists of a shallow rectangular screen- 
bottomed tray open at one end, except for a 
shallow (l-in.) shoulder, suspended at the open end 
from a fixed shaft and at the closed end by an 
eccentric rod. The tray bottom slopes downward 
slightly toward the open end. A hopper-bottomed 
tank below the tray is filled with water to such a 
depth that the bed on the screen is submerged. The 
machine is run 240 to 330 @ 1- to 0.5-in. strokes, 
according to the fineness of the feed. Concentrate 
must be skimmed off the screen by hand. Hutch 
concentrate is discharged by spigot or by drag 
belt. 

This jig was developed at the Norra River 
Garnet Co. for separating garnet from hornblende 
and feldspar and has been successful in this service. (See Sec. 2.) 


Fic. 23.—-Hooper van- 
ning jig. 


8. Movable-sieve (pan) jigs used in coal preparation 


This type of jig is used widely in bituminous-coal cleaning but to a much 
less extent for anthracite. The best known are the Stewart, Shannon, Wil- 
mot and James. They are used almost entirely for unsized feeds, 314-in." or 
less maximum size, and, when the extent of overloading to which they are 
subjected is considered, do remarkable work. Hancock (Iron making in 
Alabama, Geol. Surv. of Ala., 1912) says that, in general, the pan-type jig is 
best for coarse bituminous-coal feeds and the piston type for fine. 

Stewart jig (Fig. 24) is of the movable-sieve type with sieve basket sus- 
pended in a tank of water from two eccentrics. It has been used widely in 
coal treatment. An apron attached to the basket carries the upper or clean- 


‘basket. The pan is always made 7 ft. long, 
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coal layer over the edge of the jig tank while the lower or refuse layer falls over 
the edge of the basket into the tank and is 
removed by mechanical means. The jig 
treats unsized feed. Water is supplied from a 
tank at the back of the jig through a flap 
valve that closes on the down stroke of the 


width is variable. 


At twelve Illinois washeries reported by Lincoln 
(Bul. 11 UI No. 9) pan widths varied from 31% to 6 
ft. The feed rate on —3-in. coal ranged from 5 to 
10 tons per ft. of width per hour and averaged 8 tons. 
On —1%-in. coal the capacity was about 7 tons per 
ft. of width per hour. The jigs were run 35 to 40 @ 
4-in. strokes per min. At GranBy CONSOLIDATED 
M.S. & P. Co. (21 CA 367) Cassidy, B. C., the jigs 
are 2-compartment, series type. Feed is 40 tons of 
—2-in. bituminous-coal screenings per hour. The 
bed in the first compartment is 12 to 14 in. deep and Per sae 
in the second, 10 to 12 in. Screens are #6-in. mesh. Fig. 24.—Stewart jig. 
Hutch product is principally fine rock and clay. Performance is shown in Table 37. 


Table 37. Performance of Stewart jig at Granby Cons. M.S. & P. Go. (After Garman) 


Float Sink 
; Ash, 
Material per ay 
‘| Per cent. | Per cent. | Per cent. | Per cent. 
weight ash weight ash 
Feed, —2-in. raw coal........ 22.80 56.0 9.38 44.0 43.43 
BO RSHOCNCOAL ners teneiets oye sBia.c: 14.30 VT: 10.16 22.3 26.68 
BOM ISC ME whee Rous. ofexcys Daysers os 67.05 2.5 16.00 97.5 68.16 


Shannon jig is similar to the Stewart, but with the sides of the pan extended 
nearly to the bottom of the hutch in order to attain uniform rising current. 

The average capacity of 4 X 6-ft. jigs at three Illinois washeries (Bul. 11 UI No. 9) was 47 
tons of slack coal per hour, range 40 to 6214 tons. Speeds were 72 to 90 @ 3 to 314-in. strokes 


per min. At Paciric Coat Co., Issaquah, Wash. (28 UW 126) the performance and the effect 
of change in length of stroke were studied. Results are given in Table 38. Determination 
of which of these results is best depends on the prices 
paid for coal of different ash contents. At this plant 
15 per cent. ash was the standard aimed at, and on 
this basis test No. 3 would seem to be the best, since 
the slightly greater ash content of the cleaned coal 
as compared with test No. 4is not enough to over- 
come the advantages of higher yield and higher 
recovery of combustible. 


American jig is similar to the Stewart, 
but the hutch water is pumped in and the 
water-inlet system is designed to reduce 
suction toa minimum. Baskets are usually 
4 ft. wide and 6 to 7 ft. long. Speed in five 
Illinois washeries (Bul. 11 UI No. 9) treating 
unsized slack ranged from 35 to 50 @ 4-in. 
strokes per min., average 41. Capacity 
ranged from 9 to 12.5 tons of feed per foot 
of width per hr. : 

Wilmot pan jig (Fig. 25) consists of a sieve box suspended in a V-shaped 


Fic. 25.—Wilmot jig. 
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Table 38. Performances of Shannon jig at Pacific Coast Coal Co., treating 
— 214 +1-in. bituminous coal. (After McMillan and Bird) 
Test number........ 1 2 3 4 
Stroke,jineaa. 2. ss: 23% 2% 3% 3hs 
Weight,| Ash, !Weight,| Ash, |Weight,| Ash, |Weight,| Ash, 
Product per per per per per per per per 
cent. cent. cent. cent cent. cent cent cent 
Weeds. Be. Serer accterens « 100.0 | 23.4 | 100.0 | 25.1 | 100.0 | 24.4 | 100.0 | 28.6 
Bloat (ane 46s os 80.7 14.9 78.3 15.4 78.8 14.6 7A 2 15.3 
Sink&. 5 vit: ‘ 19s | [6S52 21.7 | 60.4 ASQ. 28.8 | 63.3 
Washed coal........ 100.0 | 22.5 | 100.0 | 22.0 | 100.0 | 17.6 | 100.0 16.7 
Float(@)is fen ce 81.4 14.2 82.7 14.4 90.7 14.4 92.1 13.3 
Simlse ti. ost 5 omer 18.6 | 61.6 17.3 | 58.3 9.3 | 48.8 7.9 | 48.3 
RUGLUSO tt .ci6 exch eres ots 100.0 | 34.1 100.0 | 35.2 |}»100:0°| 57.14 100.0 | 59.6 
Float(a@)2 ecco 61.1 16.0 60.6 15.6 22.0 16.3 24.8 | 21.3 
Sinks ond aaa ss: 38.9 | 64.1 39.4 | 65.0 78.0 | 68.7 75.2 | 68.6 
Loss of ‘‘float’’ ooal, 
tons per hour..... 0.6 3.0 0.9 2.3 
Recovery of com- 
bustible, per cent. . 93.4 79.8 90.1 84.3 
Reduction in ash, per 
Contieni-a Seroupateaes. 3.8 12.3 27.8 41.6 
Yield, per cent....... 92°52 76.5 82.8 72.2 
a 1.55 sp. gr. ‘ 


tank by straps (e) from two eccentrics (t), one at either side of the jig 

frame. Coal overflows at chute (0). The jig grate is hinged near the for- 

ward end and the hinged section (h) is connected by rods (i) and (7) to the 

float (x), which gives automatic control of slate discharge. The usual speed 

is 1380 to 150 @ 1%- to 134-in. strokes per min. in treating anthracite. 

Grate apertures are 54, to 3% in. for pea and 14 to %¢@ in. for egg. 
Performance on anthracite is shown in Table 39. 


Table 39. Tests on Wilmot pan jig. (After Ashmead) 
Feed Coal product Refuse 
Breaker 

Per Per Per Per Per Per Per Per Per 

cent. | cent. | cent cent. | cent. | cent. | cent. | cent. | cent. 

coal | slate | bone | coal | slate | bone | coal | bone | slate 

Phomass. (LH 20 SO acre. 2% 68-80 | 10-14 | 10-18 |0.3-0.4/0.3-0.5| 99. 1- 
99.4 

Enterprise (stove).... 30 Ol alert: 96.5 | 2 Dra tooo! lneen ne 99.5 
Enterprise (nut)...... 50 SORIA taraateese 94 3 S Oh Smale erate. ons 99.5 
Enterprise (nut)...... 25 TOMA, cat 94 3 3 0 0S > Sa 99.5 
Lehigh Valley Coal Co.| 50 44 6 DGE25) 2 Zoe |e Qiad Wai 75: Mees 96.25 


_ James coal jig (Fig. 26) is a modification of the James ore jig. The sieve 
is moved by a crank mechanism. The gate-and-dam method is used for dis- 
charging slate; coal is discharged by overflow. Valves are provided under 


terial is removed by 
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the sieves to lessen suction. High water level is maintained and water con- 
sumption kept down 
by discharging into 
tanks made integral 
with the jig tank, from 
which discharged ma- 


Cri 


" 
y 


scrapers. The gate- 
and-dam discharge 
limits use to fine sizes. 


¢ 
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Performance at Locust 
Mountain Coat Co. on 
barley-sizeanthracite(— “6 
+ \e-in. round hole) is re- 
ported by McNally (18CA 
1089). He found that the 
washed coal was cleanest 
(about 8 per cent. sink in 
1.7-sp. gr. solution) at a 
feed rate of about 14 tons 
per hour while the refuse bs 
contained the least float at Fig. 26.—James coal jig. 
about 19 tons per hr. He also found that there was a straight-line increase in the ash 
eontent of the washed coal from 14 per cent. to 18 per cent. as the ash content of the 
feed increased from 16 per cent. to 37 per cent. During these tests the jig was run at 90 
@ 2-in. strokes per min. Data on one series of tests are given in Table 40. 
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Table 40. Performance of James coal jig on barley-size anthracite. (After Ashmead) 


Feed Coal product Refuse 


Feed rate, tons per hour 
Per Per Per Per Per Per Per Per 


cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. 


coal | slate ash coal | slate | ash coal | slate 
13.3 7875 W215 -| 20-1 -|-90..5 91.5"| 13:0 | 8107) 92.0 
14.0 80.5 | 19.5 | 20.4.) 91.5 9-09| 1etoat- 7.5 | 92,5 
19.3 72.5 | 27.54 24.0 | 83.0 | 17.0 |} 17.1 | 4.0 | 96.0 


Feldspar jig is any type of coal jig bedded with crushed, sized feldspar 
for the purpose of jigging refuse through the bed into the hutch. Maximum 
size of feed is usually between 14- and 34-in. Apertures in jig screens usually 
run from 34 in. upward and size of pieces of cleaved feldspar used for bedding 
is about four times that of the largest pieces of refuse to be removed. At 
one plant (59 A 409) a jig handling —10 +6-mm. coal had 12-mm. screen 
and 30-mm, feldspar. 


9. Hand jigging 


Hand jigging is an indispensable operation in preliminary field testing of 
ores, ranking with panning and vanning; it is frequently practiced in treating 
ores in prospecting and small-scale development work when it is endeavored 
to make the mine pay its way; and in certain districts, notably parts of the 
mid-continent lead-zine field, it is established as the only method of concen- 
tration on many of the small properties. 

Equipment and operation. For field testing any small sieve such as a test- 
ing sieve, a bucket or tub of water, and small metal scraper or skimmer, are 
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all that are necessary. The screen is filled one-half to three-quarters its 
depth with the material to be tested, then, after careful submergence and 
thorough wetting, is held firmly in two hands with bottom horizontal and 
top just not submerged and moved up and 
down in such a fashion as will bring the 
material into partial suspension on the down 
stroke and allow it to settle back on the up 
stroke. This requires an accelerated down 
stroke and retarded up stroke. The usual 
speed is 60 to 100 strokes per min. After a 
small number of strokes, depending on the size 
of particles and relative specific gravities of the 
components of the bed, the impoverished sur- 
face layer may be scraped off and new feed 
added and the process repeated until the top of 
the middling layer becomes so high as to leave 
Front view insufficient room for new feed: This layer is 
Fria. 27.—Simple hand jig. then scraped off and set to one side and con- 
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Fic. 28.—Joplin hand jig. 
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centrate is removed from the screen. Middling may then be put back to form 
the bed for further operations. The fine material that passes through the 
sieve and overflows the top is collected separately. If the jig screen is fine, 
this material is best cleaned up in a pan or plaque; if the screen is coarse, 
the fines may better first be re-jigged through a bed of coarser concentrate on 
a fine screen, in this work accenting the start of the up stroke and working 
with the top of the jig-sieve box always out of water. In this way consider- 
able suction through the bed is induced and fine heavy mineral is thereby 
drawn through. Slime may be separated from this concentrate by decanta- 


_ tion and be treated separately on a plaque. 


A somewhat more elaborate testing jig may be made by suspending a jig 
sieve, say 12 X 12 in. and 6 to 8 in. deep by means of a rigid stirrup rod about 
18 in. long, from a spiral spring of such strength that it is imperceptibly 
extended by the loaded jig sieve, yet extends readily under a downward pull 
by the operator and returns readily when the pull ceases. 

When any extended operation is contemplated a more elaborate rig is 
needed. Figs. 27 and 28 show two forms that have been successfully used. 


_ The simpler form shown in Fig. 27 (89 J 1265) was used at an isolated copper 


mine in northern Transvaal; the form in Fig. 28 is typical cf Joplin practice. 
This type is best used with a spring board, so arranged that the handle is 
about waist-high to the operator while jigging. The compartmented box is 
used to provide a quiet pool for slime settlement. Proportions are such that 
an 8-in. bed on the sieve, when submerged, just about balances the handle. 
Capacity of such a jig is from 1 to 3.5 tons feed per sq. ft. per 24 hr. 


Elmore (18 CA 1132) says that a Joplin-type hand jig with 24 X 66-in. sieve ina 
6-ft. X 6-ft XX 33-in. tank can be built at not to exceed $60 (1920). 


Notes to Fig. 28 


Figure Number Material Figure Number Material 
of pieces of pieces 

A 1 2x4 in. X6 ft. 6 in. e 2 4% X 134-in. bolts 

B 4 2X4 in. x5 ft. 814 in. f 1 34 X6-in. bolt 

Cc 2 2x4 in’ x6 tt. g P) 3% 8-in. bolts 

D 14 %- * 5144-in. X6-ft. 6-in. h 4 3% 414-in: bolts 
flooring hy 10 34 2-in. bolts 

E 56 i%- X 5\4-in. X 2-ft. 8-in. i 1 54x 5 ft. 9-in. rod 
flooring j 4 4xX3\%-in. rods 

F 4 %X1 in. X6 ft. 2% in. k 1 54X31%-in. eye-rod 

G 12 2X4 in. X6 ft. 334 in. 1 2 144 X % X6-in. irons 

H 2 4X4 in. X7 ft. 114 in. m 1 144 X19-in. eye-hook 

I 1 2X6 in. X20 ft. n 1 14 x 5-in. eye-bolt 

J 1 4X6 in. X6 ft. to) 2 34 X2-in. angle bolts 

K oe 24 in SG7cit. 6.10, p 5 54-in. cut washers 

L 2 2x8. in. <4 ft. 2 in. r 8 1g-in. cut washers 

M 1 1 <2 in. <6 ft- s 14 3%-in. cut washers 

N 1 1X6 in. X6 ft. t 12 Corner irons 

O 2 212 in. X5 ft. 6 in. u 2 9-in. X 2-ft. l-in. No. 

P 2 2 <2 mm, <2 it) 1 in. 16 sieve hiners 

Q 1 2X8 in. X14 in. Vv 1 1014-in. X 5-ft. 4-in. No. 

R 1 4xX4X10-in. plug 16 sieve liner 

Ss il LxX2)<Guin: w J 914-in. X 5-ft. 414-in. No. 

T 2 Angle irons 16 sieve liner 

U 2 Hanger irons 4a, 8 14-in. cast washers 

a 2 54 X 11-in. bolts aa 10 Grates 

b 1 54 X9-in. bolt bb 2 $4-in. cast washers 

c 1 14X11-in. bolt ce 4 54-in. cast washers 

d 1 4% x6\%-in. bolt 
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Performance. At Santa BARBARA, Chihuahua (87 J 910), using a jig of the first type 
with a 3 X 3-ft. sieve, 0.25-in. aperture for coarse material and 0.12-in. for finer, the results 
shown in Table 41 were attained in treating 3000 tons of oxidized lead ore. One Mexican 


Table 41. Results of hand-jig operation on oxidized lead ore 


Ounces 
per ton sia Value 
| per ton 
| Au | Ag Pb Cu 
TRH Ge Gece Goer Ore S2Otb Shoal. wg. $18.41 
Screen conc......| 0.17 | 24.5 | 34.0 | 2.0 55.94 
Hutch cone......| 0.42 | 12.0 | 29.0 | 0.6 43.52 
Laaling Se% 28 0.06 3.0 Sele. Lost 5.20 


laborer made about 0.5 ton of combined screen and hutch concentrate per 9-hr. shift. 
Thirty jigs were arranged in two rows with a track for a tailing car down the center and 
room for ready access of wheelbarrows to all jigs. In the Jorpxin, Mo. district (93 J 1079) 
three men operating two rougher jigs and one cleaner jig of the type shown in Fig. 28 will 
treat 15 to 30 tons of coarsely-disseminated, non-clayey ore per 10-hr. shift. Feed is 
screened through l-in. or 1.25-in. apertures; rougher-jig slots, %- to 54-in., cleaner-jig, 
1%- to %%-in.; stroke, about 1 in. on rougher and }4 in. oncleaner. If there is much clay 
in the ore it should be washed in a trough washer (Sec. 8, Art. 12) or the equivalent before 
jigging. Rougher jigs are run with no bed and each charge, after stratification, is divided 
by skimming into tailing, middling for sale to the mills, and concentrate. Hutch product 
collects in the jig box for re-treatment on the cleaner. On the cleaner the operator starts 
with a 2-in. bed and allows it to accumulate until about 6 in. thick, when it becomes too 
heavy to handle and is skimmed down to 2 in. again. The hutch product through the thin 
bed may have to be re-cleaned through the thick bed. Treating — 34-in. WOLFRAMITE ORE 
with a quartz gangue on a jig such as shown in Fig. 28, using 10-mesh screen, the procedure 
was to charge 70 lb. of ore, jig for 1 min. (about 150 strokes) with an average stroke length 
of 1 in., longer at first and shorter at the end, shovel off tailing, then charge another 70-Ib. lot 
and repeat. About 5000 lb. of ore carrying 5 per cent. tungstic acid was treated per day 
yielding 175 lb. of screen concentrate assaying 65 per cent. tungstic acid, and 200 lb. hutck 
product assaying 8 percent. ‘Tailing from the screen assayed 0.7 per cent. In another dis- 
trict, concentrating ferberite from quartz and granite (1/01 J 717);feed, — 84-in., sieves, 2 to 
4 sq. ft.; stroke, 0.5 to 3 in., speed about 40 strokes per min., and 2- to 3-in. bed, from 1 to 5 
ton per 8-hr. shift was treated, including re-cleaning of concentrate to two grades, viz.: 50 to 
63 per cent. tungstic oxide and 25 to 40 per cent. The hutch product was only slightly 
enriched. Water consumption per jig was about equal to the overflow through a 1-in. 
pipe. Table 42 shows the performance of a hand jig on BITUMINOUS COAL. 


Table 42. Performance of a hand jig on Tennessee bituminous coal (18 CA 1183) 


| Proximate analysis, per cent. 


Product | | 
Volatile | Fixed «| ae 
Ash eS ae Kes! Sulphur Moisture 

No. 1 
Reed) raw coal wcrcencie = 2 26.05 27.72 46.08 0.58 1.49 
Washediaoaliss, coe cae ts ce 12.70 31.45 55.70 0.50 2.70 
Wiiddliin ase yc ni act snc gis ate 18.81 29 .02 51.02 0.54 5.26 
Retuserencctric con cc does 59 .32 17.25 23.28 0.58 2.12 

No. 2 
Feed, raw. coals sos de en 12.91 30.48 56.46 0.47 1.51 
WashedrooshS oxsnicuetacies 9.66 31.95 58.24 0.47 3.57 
Middling.<. 32m. dircetan o 6 ose 12.68 30.85 56.32 0.52 5.48 
ReRUS Ga cine ons Geena. vor arene ce 53.04 2bri4 25 .67 0.38 3.09 


‘ SECTION 10 
SHAKING TABLES 


ART. PAGE ART. PAGE 
1. Principles of shaking-table action.... 718 8. Deister-Overstrom table. 741 
Ze Types of shaking tables............ 721 9. Garfield tables. coe. é ; ; ; ; ; ; 745 
jeaay sviltley: tablet ios. Pee Ad ns 721 10. Overstrom Universal table....... 749 
Benton art tables... 1. is..[5 sys se lefe é ict 729 11. {Plat-O;table:t aeics siege. 750 
| 5. Card DAO Coen Giese Se foe Bove 5 734 12. Rotary shaking table............ 754 
| 6. Deister sand CAI HOAIE cares sie hee ae 736 13. Campbell bumping table......... 755 
| 7. Deister slime table................ 738 14. Operation of shaking tables....... 755 


Modern shaking tables are concentrating devices that consist of substan- 
tially plane surfaces, inclined slightly from the horizontal, shaken with a 
differential movement in the direction of the long axis, and washed at right- 
angles to the direction of motion by a thin film of water. The earliest form 
| of shaking table was shaken in the direction of the slope, causing the heavy 
material to climb against the flow of pulp. Salzburg, Schemnitz, Halley 
and Gilpin County tables for heavy ores were of this class. All are now 
obsolete. The simplest and earliest form of typical side-slope table is the 
‘Rittinger bumping table (Art. 2). The separating action of a side-slope 
table is shown diagrammatically in Fig. 1; (A) is the feed side, (B) the con- 
-centrate end, (Z) the tailing side and 
(D) the head-motion end. The deck tilts 
_as indicated by the arrow, is reciprocated 
at right-angles to this slope by means of 
pulley (P), eccentric (X) and the flexible 
connecting rod () and is stopped sud- 
denly at the end of the forward stroke by 
the bumping block (@). Feed is intro- 
duced at (F), slime flows directly down 
slope and leaves at (S), granular material 
is moved toward (C) by the bumping 
action and is washed by water introduced at (W). ‘Tailing discharges at (7), 
middling at (M) and concentrate at (C). In modern types of shaking tables 
longitudinal cleats are fastened to the upper surface of the table deck or riffles are 
cut into the surface, the resulting riffles in either case being arranged variously. 
Some makers build the deck in two or more planes slightly inclined to each 
other. Decks of different makes differ in outline from the rectangular form, 
and head motions and methods of deck suspension have been greatly improved 
over the original Rittinger model. With a smooth-surfaced table such as 
the Rittinger the maximum size of feed that can be efficiently treated is 
less than l-mm. For years the maximum size of feed treated on riffled tables 
was 2.5-mm. and in most mills it was less than this. With some of the present 
methods of riffing, however, base-metal ores are treated as coarse as 0.25- 
to 0.37-in. and coal as coarse as 0.5-in. has been handled successfully. 
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Fig. 1.—Sketch of action of a side- 
slope bumping table. 


718 ; SHAKING TABLES Sec. 10. 


1. Principles of shaking-table action 


Each particle on the plane inclined surface of a shaking table in operation 
is acted upon by two forces, viz.: (a) friction or adhesion between the deck 
and the particle and, (b) pressure of the moving water, and the particle moves 
in the direction of the resultant of these forces. In all tables the deck starts 
on its forward stroke at minimum velocity and adhesion between the deck 
and the particles in contact therewith is sufficient to overcome the inertia of 
the particles and cause them to move forward with the deck. Velocity accel- 
erates to a maximum at the end of the forward stroke and the deck starts 
backward at this maximum velocity. Adhesion between particle and deck 
is insufficient to cause immediate reverse in direction of motion of the parti- 
cles and they slide forward with the momentum gained on the forward stroke 
until this momentum is lost by friction against the deck surface. The parti- 
cles then again move forward with the deck to the end of the forward stroke. 
The result is intermittent forward travel of each particle in contact with the 
deck from head-motion end toward concentrate end. If there is a layer 
of particles several grains deep on the deck, the deck motion is transmitted 
to the upper layers through the lower, but with some loss, so that the upper 
layers do not travel lengthwise so rapidly as the lower. If the particles in 
contact with the deck are of the same size but of different specific gravities, 
the respective momenta at the end of the forward stroke will be different, 
the momentum of the heavier being the greater, and the heavier will, therefore, 
travel further than the lighter before again coming to rest with respect to the 
table top. This conclusion, which is confirmed by experiment, assumes that 
the particles are substantially out of contact with the table top during this 
part of their motion. As soon as they resume contact retardation of the 
heavier particle is the greater in proportion to its weight (assuming equal 
coefficients of friction), just as its momentum at the instant of reverse was 
the greater, and the particles will thereafter be brought to the table velocity 
in the same time. Large par- 
ticles of a given specific gravity 
sumilarly have more rapid for- 
ward travel than small particles 
of the same specific gravity. If, 
therefore, (P, Fig. 2), represents 
particles of heavy and light min- 
erals of the same size, or particles 
of minerals of the same specific 
gravity but of different sizes, 
occupying at the same instinct 
substantially the same position 
on the deck of a shaking table, (Hz) may represent vectorially the forward 
velocity of the heavier or larger particle and (Hz) the lighter or smaller. 
The forces exerted by the wash water produce film sizing. (See Sec. 8, Art. 
14.) If Dy and Dz are taken to represent vectorially the downstream veloci- 
ties of the heavy and light particles of the same size or the small and large 
particles of the same specific gravity, respectively, the relative magnitudes 
of these velocities will be somewhat as shown. The resultant paths of the 
respective particles under the influences of the two sets of forces acting sub- 
stantially at right-angles will be Ry and Ry, respectively. By inserting some 
sort of division wall between the points where these paths cut the table edge 
separation of particles Py and Py is made. 


Fic. 2.—Analysis of forces in shaking-table 
concentration. 
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When the surface of the table is riffled the riffle grooves are so arranged 
that they grow shallower toward the concentrate end and in the best known 
form (Fig. 4) they taper off to nothing along a diagonal line running from the 
forward end of the feed box to a point near the corner formed by the con- 
centrate end and tailing side. On a riffled table a further important phenom- 
enon occurs that serves to increase capacity markedly above that of a non- 


_riffed surface. As the solid particles carried along by the feed-water current 


flow out onto the surface of the riffled table, the velocity of the carrying current 
is lessened by reason of the increase in cross-section of the stream (Fig. 3, a) as 
between cross-section 
(A-A) and cross-section 
(B-B), and the bulk of 
the solid load settles 
out in the riffle. Here it 
is subjected to two sets 
of forces, both acting to 
produce segregation by 
stratification. The 
shaking motion of the 
table keeps the mass of 
particles in a loosened 
condition, free to move 
to a certain extent relative to each other, and under this condition the heavier 
particles and the small particles tend to work to the bottom of the mass. This 
is a familiar phenomenon that may be observed whenever a mass of grains of 
different sizes in a container is jarred repeatedly with sufficient force to cause 
movement of the individuals without sensibly lifting the mass as a whole. 
At the same time eddying, as indicated by the dotted arrows in Fig. 3, a, occurs 
in the riffles and since the smaller particles of the lighter mineral are more 
readily lifted by a water current of given velocity than are heavy-mineral 
particles of the same size, the light-mineral particles do not work down so far 
into the mass as the heavy. In a short time, therefore, the mass of grains 
is stratified in the riffles somewhat as is represented diagrammatically in 
Fig. 3, b, with both coarse and fine heavy mineral at the bottom, the fine, 
however, in the interstices of the coarse, and the light mineral above, more 
or less regularly arranged in layers with the coarsest on top. As this mass 
of grains is moved toward the concentrate side of the table the riffle groove 
in which it travels becomes progressively shallower. The result is the same 
as though the riffle cleats in Fig. 3, b, were successively sliced off at levels 
(C-C), (D-D), etc., thus exposing successively deeper layers of the stratified 
pulp to the cross wash of the water. This accentuates the separation that is 
effected on a smooth surface, as previously described; the riffles protect the 
heavy mineral from the action of the cross water, thus allowing a stronger 
cross-water current to be used, with consequent more rapid removal of waste 
and increase in tonnage handled. At the termination of the riffle cleats final 
washing out of the last of the fine gangue is done on a smooth surface, as 
previously discussed. The finest particles of both heavy mineral and gangue, 
that will not settle out of the feed-water current, pass directly across the table 
near the head-motion end and are discharged as slime (see Fig. 1). On an 
unriffled and toa considerable extent on a riffled table, the solid particles 
become arranged on the deck in a manner somewhat as indicated in diagram- 
matic sketch Fig. 3, c. Rows (A) to (D), inclusive, represent grains of con- 


Fia. 3.—Behavior of particles on a diagonally ritfled 
shaking table. 
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centrate. The grains in rows (A), (B) and (C) are substantially pure heavy 
mineral (indicated by full black circles); row (D) contains small grains of 
gangue (indicated by open circles) in addition to the large grains of heavy 
mineral. All very small grains of both heavy and light mineral go off in the 
slime. Row (Z) contains the largest grains of pure heavy mineral and some 
small grains of pure gangue in addition to the large bulk of “mixed”’ grains, 
of intermediate specific gravity. Rows (Ff) to (/) inclusive contain the larger 
grains of pure gangue and the lighter grains of middling. 

The ideal arrangement just illustrated is modified considerably by the 
character of the riffing, by irregularities in deck surface and water supply, 
differences in shape of grains of light- and heavy-mineral particles and of dif- 
ferent grains of the same mineral, and by any irregularities in the motion 
imparted to the table deck. 


Richards (88 A 556) found in treating “‘natural’’ feeds of quartz and galena on a Wilfley 
table that with —2-mm. feed there was marked retention of quartz between 0.7-mm. 
and 0.15-mm. sizes in the concentrate, while but little quartz of coarser and finer sizes was 
retained. With this same feed galena appeared in the tailing in amounts exceeding 1 per 
cent. at 0.2 mm. and the amount rose to 17.5 per cent. in the —0.08-mm. size. The slime 
from this run all passed 0.45-mm. and assayed 18.9 per cent. galena; there was no galena 
in the product on 0.36-mm., but 10 per cent. appeared in the 0.28-mm. size. Middling 
amounted to 21.5 per cent. of the total feed. The coarsest sizes assayed 75 per cent. galena 
and there was gradual diminution to a minimum of 3.68 per cent. galena at 0.20-mm. with 
a marked increase to 32.23 per cent. at 0.08 mm. and further increase to 90.5 per cent. in the 
—0.08-mm. size. In treating —1l-mm., —0.5-mm. and —0.25-mm. feeds the results were 
similar except that the grade of total concentrate increased with increasing fineness, corre- 
sponding to decreased retention of intermediate-sized quartz; grade of tailing correspond- 
ingly increased, with accompanying decrease in grade of middling and slime. In every test 
maximum retention of quartz occurred at a size between one-quarter and one-third that of 
the largest grain in the feed, indicating that this retention is effected in the interstices of the 
concentrate layer on the table and is not the result of failure to move the material on a 
smooth plane. Richards’ work likewise shows accordance with the ideal arrangement 
(Fig. 3, c) and the departure therefrom caused by using riffles. The particles in his con- 
centrate are all distinctly smaller than those in his middling and the gangue in the middling 
is smaller than that in the tailing, but both middling and tailing contained much fine heavy 
mineral that on an unriffled table would have passed off in the slime and such mineral in the 
middling was coarser than that in the tailing. As the size of feed decreased and the amount 
of wash water necessary to remove coarse gangue from the concentrate likewise decreased 
the amount of very fine mineral in the concentrate increased with correspondingly despeasedl 
tailing loss in the same sizes. The tests on ‘“‘natural’’ feed indicate 0.15- to 0.2-mm. as a 
critical size at which galena losses in quartz tailing become excessive. ; 


Feed. It follows from the foregoing discussion that in order to treat 
particles on a shaking table they must settle in water at a sufficiently rapid 
rate to come into contact with the table deck, or the mass of settled solids 
thereon; and they must have sufficient mass to travel forward, by reason 
of their inertia, for a short period of time after the table deck starts on its 
backward travel. In order to effect separation of one class of particles from 
another they must differ in size or in specific gravity or both. It would appear 
from Fig. 3, ¢ that the most efficient separation of heavy from light grains 
can be made on a non-riffled surface when the heavy grains are smaller than the 
light, since small heavy grains and large light grains discharge from such a table 
the maximum distance apart. The limit of size difference is reached when 
the particle of heavy mineral is too small to remain in contact with the table 
top in the cross current required to wash down the large particles of light min- 
eral. This limiting difference is not reached within the size range that it is 
possible to prepare by the most efficient hydraulic classification and hence 
the conclusion that classification is the best means of preparation of feed for 
unriffled shaking tables would seem to be justified. On a riffled table, on the 
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other hand, fine heavy mineral is protected by the riffle cleats from the cross- 
water current that removes the coarse gangue; 0.1-mm. galena is readily 
delivered at A (Fig. 3, c) while 1.0- to 1.5-mm. quartz is washed down to H, I. 


2. Types of shaking tables 


Tables are called sand or slime tables according to the size of material 
that they treat, and are classified as roughing or finishing tables according 
to the character of the service. Sand tables are always riffled with relatively 
deep rifles, over a majority of the surface at least, with the space between 
riffle cleats usually not more than 34 in. to 114 in. wide; slime tables, on the 
other hand, are not riffled so deeply, and the space between riffle cleats is 
usually much wider than on sand tables in order to form pools of relatively 
quiescent pulp to induce settlement of solids. Slime tables always have a 
portion of the deck, at least, unriffled. But any sand table that has an unrif- 
fled portion may be used for slime and slime tables may be used for sands, 
if the settling pools are not too large. Roughing tables are usually riffled full 
length and the rifles are comparatively deep. These tables are thus enabled 
to treat large tonnages and yet save fine mineral with the coarse in the form 
of a low-grade concentrate, at the same time rejecting an impoverished tailing. : 
Finishing tables, with a few exceptions, have an unriffled portion for cleaning 
out fine gangue from the concentrate streak; the riffles are shallower than on 
roughing tables, and, in general less resistance is offered to the cross travel 
of solids than on a rougher. While in some mills the same table with dif- 
ferent operating adjustments is used for both roughing and cleaning, this is not, 
in general, good practice, and it is doubtful whether superior efficiency can 
be demonstrated for it in any case. Such practice has the advantage of 
lessening the stock of repair parts that must be carried, with consequent 
economy, but such saving will rarely compensate for the losses or reduced 
capacity incident to misuse of tables. 

Rittinger bumping table was devised about the middle of the nineteenth century and was 
used to some extent in Germany. It was a plane-surfaced rectangular side-slope bumping 
table about 4 ft. long in the direction of motion and 6 to 8 ft. wide. The deck was sus- 
pended from overhanging supports by rods of adjustable length, and sloped 3° to 6° in the 
direction of the long axis. The deck was pushed in one direction by a cam acting against a 
spring, and, after release from the cam, was pushed smartly in the reverse direction by the 
spring until stopped by impact against a bumping block. The speed ranged from 70 to 100 
@ 1-in. strokes per min. to upwards of 200. Feed was introduced along the short upper side 
near the end away from the bumping block and wash water was supplied along the remainder 
of the upper side. Division between concentrate, middling and tailing was made by means 
of adjustable fingers placed along the lower edge. In later forms two decks, side-by-side, 
were mounted on the same frame and shaken together. Capacity ranged from 0.75 ton of 
slime to 2.5 tons of sand feed per deck per 24 hr. Water consumption was excessive, rang- 
ing up to 30 tons per ton of feed, due to the fact that all movement of solids in the direction 
of discharge was effected by the water, the mechanical movement being utilized only to 
effect separation into bands at right angles to the direction of travel. The table was used 
as a finishing table for treating fine sand and slime. Low capacity, excessive water con- 


sumption and high repair costs combined to prevent its wide introduction and final adoption 
of the side-slope shaking table in the mills was deferred until about 1895, when the Wilfley 


table was first placed on the market. 


3. Wilfiey table 


This table (Fig. 4) is a side-slope shaking table rifled over somewhat more 
than half the surface, the riffles terminating along a diagonal line extending 
from the forward end of the feed box to the corner formed by the tailing side 
and concentrate end. 
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Construction. The deck is built of redwood strips laid flat at 45° to the axes: of four 
longitudinal beams; the whole is carried on two transverse steel trusses, each with two slip- 
per bearings which rest in supporting 
bearings on the frame. 

Framp is built of steel or wood. The 
steel frame consists of a large, rigid 
through member composed of two 12-in. 
channels 15 ft. long, spaced 20 in. apart 
by cast-iron separators. The through 
member carries two circular machined 
seats in which rest cast-iron bolster yokes 
with suitably machined surfaces. ahs 

c . yokes carry cross members built up o 
Fie. 4.—Wilfley table (right-hand) . lighter channels. In wood-frame tables, 
a 12 X 16-in. pine timber replaces the longitudinal channels and pressed steel is used for the 
cross members. The seats for the slipper bearings of the deck are bolted to the transverse 
deck-frame members. TRANSVERSE TILTING Is effect- 
ed by power screws engaging bronze tilting nuts in 
the bolster yokes and actuated by suitable gearing from 
ahand wheel located at the feed side near the con- 
centrate end. A permanent longitudinal tilt upward 
toward the concentrate end, ranging from % in. to 
1% in. in the length of the table, is provided for; the 
normal tilt is between 3 and in. When the longi- 
tudinal tilt is too steep, concentrate may refuse to 
climb and pack in the riffles. Richards cites an ex- 
perience with two-mineral separation in which the d 
lead content of zine concentrate changed from 2 to Fig. 5.—Diagram of Wilfley- 
ope pe with change in longitudinal tilt from 5%- table head motion. 
in. to %-in. 

Heap MOTION is of the pitman-and-toggle type illustrated in outline in Fig. 5. The 
essential parts are the pitman (a), pulley-driven eccentric (b), toggles (c) and yoke (d). 
The forward toggle abuts against a fixed 
block (e) and lost motion is prevented by 
compression in spring (f) between the yoke 
and the fixed block (g). The yoke is 
attached to the table deck by rod (h). 
Horizontal movement of the outer end of 
the right-hand toggle for a given vertical 
displacement of the inner end is greatest 
when the divergence of the toggles from 
a straight line is a maximum, which is at 
the end of the forward stroke; it is least 
when the divergence is minimum, and this 
is at the end of the backward stroke. 
Hence with uniform rotation of the drive 
pulley the deck velocity increases from 
the beginning of the forward stroke to a 
maximum at the end of the stroke while 
the return stroke starts at maximum veloc- 
ity and decelerates until the end. The 
backward stroke is effected entirely by 


8 the toggles, acting against the spring 
ys pressure and the inertia of the moving 
259 parts; the forward stroke is effected by 
us the spring, but the spring tension is set 
ey = to prevent lost motion so that the veloc- 
s g 3 ity of the forward stroke is controlled by 
S28 the toggles. Graphical analysis of the 


motion is shown in Fig. 6, positions 1 to 8 
Time (c) inclusive being those occupied at eight 

equally-spaced moments of time in one 

38 + . +3 revolution of the drive pulley. In the 

Fia. 6.—Analysis of motion of Wilfley table. eraplc(iie: (60) Hielalene os adi oene 
to the curve at any point is a measure of the velocity at that point and the curve clearly 
shows acceleration from 1 to 5, representing the forward stroke of the table, and de- 


Art. 3. WILFLEY TABLE 723 


celeration from Sto 1, i To ADJUST THE SPRING properly, loosen until a slight knock is 
heard then tighten to just remove the knock. Further tightening increases wear and 
power consumption and may cause spring breakage. LencGTH OF STROKE and, to some 
extent, the sHaRpPNnEss thereof, are controlled by vertical movement of the fixed toggle block 
which is lowered to lengthen and sharpen the stroke and raised to shorten it. The Maal 
range of STROKE LENGTH is from about 0.5 in. to 1.25 in. 

Drcx FRAME is covered with linoleum when delivered by the manufacturer and this is 
the usual covering, but canvas, rubber, pyroxylin-covered fabtic (MINE-FAB), cement and 
glass have been used. 

Rirries are usually formed on linoleum and similar surfaces by tacking on wooden 
cleats, but the riffle may be grooved into the linoleum or cast into glass or rubber. Soft- 
wood (sugar pine) attached riffles are usually used in finishing service, maple or oak in rough- 
ing service or with coarse abrasive feed. Riffles have been made by bending 16-gage gal- 
vanized iron into unequal-leg angle sections, using the short side as the riffle cleat and the 
long for the bottom of the riffle (112 J 180). These increased the capacity of a No.9 Wilfley 25 
per cent., the cost of laying was 20 per cent. less than for wooden cleats, and on the basis of 
the usual local average life of 5000 tons for soft-pine riffles the respective costs per ton of feed 
were $0.015 for wood and $0.008 for iron. STANDARD RIFFLING on a Wilfley table is formed 
as follows: A full-length cleat, 14 in. wide, tapering from 1% in. deep at the head-motion end 
to a feather edge at the concentrate end is laid along the tailing side with the lower edge in 
the same plane as the outer face of the outer deck timber. The shortest riffle cleat, about 
4 ft. long, 14 in. wide, and tapering from 4 in. deep at the motion end to a feather edge, is 
placed parallel to the first and partly under the feed box. Forty-four other riffles of the same 
width, spaced on about 1 34-in. centers, are then placed between the first two. Their heights 
at the motion end are graduated between those of the first two cleats; they terminate along 
a diagonal line joining the thin ends of these cleats, and each is tapered gradually to a 
feather edge at this line. Brads penetrating at least 34 in. into the wood of the deck and 
spaced on about 6-in. centers should be used to hold down the cleats. In placing New 
LINOLEUM and riffles on a deck, first allow the linoleum to flatten out of its own accord ina 
warm, dry place, then set it on a clean, smooth deck with an overlap on the tailing side and 
concentrate end of about 144 in. Tack lightly in place. Lay the longest riffle, mark the 
location of the shortest and of the diagonal line, then lay the remaining riffles, working 
upward from the tailing side, using a template to obtain the desired spacing. Finally tack 
down the edges of the linoleum and place quarter-round strips on the feed side to exclude 
water and pulp from the under side. Puffs will usually disappear after a few days’ use and 
should not be tacked down. 

Tables are built both right- and left-hand. RiaHT-HAND TABLES have the feed box and 
drive pulley at the right when the observer stands at the head-motion end and faces the 
table; LEFT-HAND, vice versa. 

FEED AND WASH-WATER BOXES are open-topped troughs carried along the high side of the 
table deck. Feed box is attached to the deck and extends about one-quarter to one-third 
the length from the head-motion end. Wash-water box extends the remaining distance 
along the table and is supported on the table bed. Egress is by holes at the back (upper side) 
of the boxes and is regulated by fingers buttoned over the holes. The shaking motion keeps 
the heavy portion of the feed sufficiently in suspension to cause it to distribute and flow. 
Water is introduced by flexible hose through a hole in a cover board over the center of the 
water box, thus preventing splashing. An open water box is superior to perforated pipe as 
it permits ready cleaning of clogged exit holes. 

Distribution of wash water along the concentrate end is effected on the usual form of 
table by a shallow cantilever wash-water trough along the end with drip holes near the lower 
corner. This is most unsatisfactory. The best method of keeping this end of the table 
washed is to cut the end back diagonally by shortening the tailing side 3 to 6 in., or water 
discharged from the feed-side water box may be diverted in part to the concentrate end by 
a proper arrangement of small cleats tacked to the unriffled surface. 

SEPARATION OF CONCENTRATE FROM MIDDLING should always be made on the concentrate 
end where the movement of the discharging stream is parallel to the splitter edge. The 
tailing-middling split can be brought to the end also, with considerable advantage in some 
cases, by bringing the line of termination of riffle cleats up to about the quarter-point on the 
concentrate end. Fingers fastened to the deck are sometimes used to do away with constant 
tilting of the deck or shifting of the product pans. A finely-corrugated discharge lip 
on the concentrate end aids in effecting a clean cut between products. 


Performance. Table 1 is a summary of operations of Wilfley tables on 
lead, zine, copper and precious-metal ores. Table 3 shows the performance 
of tables on several different grades of classified feed at Nevapa Con. Cop. 
Co. In most mills the Wilfley table is used on sandy feed, making clean 
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6, Table 15. i See Sec. 6, Table 15. j Varies with size of feed. k Also attends 4drag 
and 7 hydraulic classifiers feeding tables. / See Sec. 6, Table 20. Practically all —30- 
mesh carefully de-slimed.. m See Table 6. All —10-mesh. n See Table 2. 0 4 sets 
of tables, assays as follows: 


No. 1 No. 2 No. 3 No. 4 
Reed 2 oA y Gers ‘48 a 0.72 0.32 1.28 
Taihnee ce ee 0.33 0.60 0.23 0.40 
Concentrate..... 5.48 4.36 3.64 5.60 
VET hia eae, oc eico sell Ne a cov atae cel cea: ces, aetna) 2 ln chet 0.98 


d 2-mm. to 150-mesh classified. See Sec. 6, Table 11. g 50 tons per 24 hr. on 4: 1 feed and 
40 on 5:1, both tube-mill sands from hydraulic classifier. 20 on 8:1 sands from cone 
treating hydraulic-classifier overflow and 40 and 10 tons respectively on tables treating 
coarse and fine middlings from other tables. r All through 80-mesh, 72 per cent. —200- 
mesh. s All through %-in. trommel after ball mill. ¢ Single-deck, 35 tons per 24 hr. of 
10-mesh sands to 10 tons on 100-mesh sands; 2-deck, 50 tons on 10-mesh sands and 15 tons on 
100-mesh. 


u 


Cu, Pb, Insol., Fe, Zn, 
Au, oz. | Ag, oz. per cent.|/per cent.|per cent.|/per cent.|per cent. 
Meede Seek ners «5 0.12 Sas 0.4 4 48 8.9 9 
Tarlenotes joa s an ate Ale £0202 0.8 0.25 0.8 78 2.5 2.8 
Concentrate No. 1l....] 0.35 9.0 6 14 3 26 3 
Concentrate No. 2.... | 0.14 3.0 1 4 3.8 7 24 20 
i 
Table 2. (Supplement to Table 1). Screen tests of Wilfley-table feeds 
Percentages on screen 
Mill Chino Cananea B.D: 
Moctezuma 
Screen 
LEN ooYsTe} al eens ceceemenc clenceel ee alee casera 5.88 
10-mesh OOD. 256): oteccte a ceb spss om 22.40 
14-mesh WO 2 Mita Acokrers) ele. reyians 21.08 
20-mesh TAREE lice eye ae 18.00 
28-mesh HAS g Seite icwayoyfdttrexsiesnsiiaioules 11.48 
35-mesh 16.0 2.0 8.20 
48-mesh 12.1 4.0 4.88 
65-mesh 8.3 9.4 3.08 
| 100-mesh rs 14.0 2.06 
150-mesh 1.6 11.2 1.40 
200-mesh 0.5 726 0.40 
— 200-mesh ORG Bil ts} 0.66 
Table 3. Performance of Wilfley tables at Nevada Consolidated 
Assays, per cent. Wash 
Ratio |Recov- oss water, 
Cc trat \f 
Tables le (ae a stating Ht ooanene'| Spe eee tee 
ae tailing + | tration t. oe BF in- 
Cu Cu Insol- slime, Cu EE tee 
uble ae 
Gallery Shc dee paw sere 3.44 | 17.5 | 26.4 2.02 net Wt A327. |e el peo 
Gallery i(d) 25 is. Bod... 3.9 14% b E46 2.18 xo Bis: | GSO Ie 
RoweNo: 1 (ey wos a 3.4 19.2 | 27.6 1.94 11.5 49.0 | 9-25 | 87 
Row: No: 2:(a).2 S55. 3.32 |. 19:2) |°29.7 1.02 10.9 53.0 | 7-15 | 10.8 
Row* No: 2 (Oye: a: cos 2.40 | 16.1 | 34.4 1.57 17.4 SOPonl| Lom Ree 
Row INoz 2:(eyhPsu cee 2°26 We 22e3r 19k 3 1.46 26.0 OSLO CLG eke 
Row, Nowd ..isen sua dn| 62 20: eG Ze eS on9 1.31 16.4 45.3 18 9.1 
Rows Nov 4... sakes, 2:12 118.6 | 28.6 1.38 23,2 37.7 | 2C-22| 10.7 
Rows Nos. 5 and 6....| 1.60 | 18.0 | 35.3 1.28 524.0 21.6 12 Si 


a Feed, second spigot of classifier. 6 Feed, middling from gallery Wilfleys. c Feed, 
overflow of classifier. d Feed, first spigot of classifier. e Feed, second spigot of classifier. 
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concentrate and a tailing to be re-ground and re-treated. Fig. 7 (4 CA 732) 
shows results of a test run on bituminous coal. 


of fe gherr-7h 
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5 | 4 | 
4840|3922| 


per mine 3464 
Sample No->|_6 "1 


7492 |7446| 6784 | 6000|2836|2952|1980 
[ 12 | 79 | 4 | 15 | 16 
Percent.ash» 30.0 | 23.0 | 15.0 | 13,0] 71.2 | 17.0 | 11.0| 108| 9.0 | 7.0 | 6.0 


No.2 Roch | No.2Coal | No.1 Coal t 
}e--- 959 1b--->h<-- 1021 Ib--><-----=- 4750 Ib. per hr. -----~->| 
per hr. per hr. 


Fie. 7.—Performance of Wilfley table on —3-in. coking coal. 


Capacity. On zinc-sulphide ores the tonnage treated ranges from 14 tons per 24 hr. 
on 0.8-mm. feed to 100 tons on 2.5-mm. feed; separating willemite, with closely classified 
feed, capacity varies from 6 tons with 0.4-mm..material to 12 tons at 2.3-mm. On lead 
ores, when both clean concentrate and finished tailing are sought, capacity varies from 10 
tons on 0.5-mm. feed to 45 tons on 2-mm. size. Capacity treating native-copper ore all 
through 0.6-mm. and containing 40 per cent. slime is 15 to 25 tons per 24 hr. when making 
clean concentrate and finished tailing. Treating porphyry-copper ore, the capacity on 
material through 0.6-mm., when making finished concentrate and tailing, is 14 tons per 24 hr.; 
treating rougher-table concentrate capacity is 45 to 75 tons and when roughing —2.5-mm. 
feed, 200 tons. Separating auriferous pyrite from silicious gangue, capacity is about 25 
to 30 tons per deck on 1-mm. sands, falling to 10 tons on 0.1-mm. sands and rising to 50 tons 
on 2-mm. material. 

Size of feed rarely exceeds 2.5-mm. Wiggin (46 A 232) determined that 0.025-mm. 
was the smallest grain that could be saved with Anaconda ore. ‘The coarser, sandy portion 
of 200-mesh slime is readily saved. Table 4 is a sizing-assay test of ANACONDA table tailing 


Table 4. Sizing-assay test of Wilfley-table tailing, Anaconda Copper Mining Co. 


e Per cent. Assay, Per cent. 
Size, mm. weight per cent. Cu total Cu 
+0.84 2.31 0.23 2.39 

0.50 15.58 0.20 13.66 
0.35 35.39 Q.21 33.42 
0.17 28.64 0.19 24.32 
0.07 14.98 0.14 9.08 
—0.07 3110 1.25 P7213 


when a roughly de-slimed feed was being treated. Table 5 gives similar results at Ray 
Cons. Cop. Co., except that the feed was not de-slimed. Here maximum loss of copper and 
maximum assay occur in the finest size; there is also a relatively high copper loss in the 
coarsest sizes. 

Speed and stroke. Speed ranges from about 230 to 280 strokes per min., being close 
to 250 in the majority of mills. Length of stroke averages close to 34 in. Within the 
range of practice presented, no distinct relation between stroke length and speed is estab~ 
lished, but in general a short stroke corresponds to a high speed and vice versa. 
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Table 5. Sizing test of Wilfley-table tailing, Ray Consolidated Copper Co. 


Per cent. weight Assay, per cent. Cu Per cent. original Cu 
Screen, mesh 
A B A B A B 
20 7.6 6.2 0.74 0.69 9.0 7.5 
30 112 11.4 0.63 0.67 11.4 13.2, 
40 110 10.3 0.55 0.63 9.8 11.3 
50 4.3 4.3 0.58 0.59 4.0 4.4 
60 TAINS i a Ba 0.53 0.50 9.8 10.3 
70 223 2 0.53 0.49 1.9 ay, 
80 9.4 8.9 0.49 0.42 7.4 6.5 
100 9.2 9.2 0.45 0.38 6.6 6.1 
120 4.2 4.5 0.44 0.37 2.9 3.0 
150 5.9 5.7 0.39 0.34 oat 3.3 
200 9 1.8 0.39 0.37 tid 1.2 
— 200 21.3 23.8 0.95 0.76 32.4 3155 
Motalin% «<cohee 99.8 99.9 0.60 0.58 100.0 100.0 


Wash-water consumption ranges from 1.5 to 40 gal. per min., the high figure being 
in roughing service and the low corresponding to 4 very dilute feed pulp. Average consump- 
tion for average service is about 8 gal. per min. 

Slope varies with size of feed, specific gravity of minerals, character of products desired, 
and the place that the products are split, as well as with the quantity of wash water. The 
usual slope with fine feeds is from 14 to % in. per ft. and 34 to 1 in. with coarse feeds. When 
roughing the slope may be as much as 2 in. per ft. 

Power. Actual power consumption under average load is close to 0.6 hp. with a usual 
installation of between 0.75 and 1 hp. per table. : 

Lost time is very small and is principally due to shut-downs for replacing deck covering 
and repairing or renewing riffles. Mechanism difficulties usually correspond to high ton- 
nages and long stroke or to attempts to run double decks with the standard head motion 
(see Garfield-table head motion, Art. 9). 

Operating adjustments available on t e standard table are length of stroke, tilt, wash 
water, location of product splitters. In small mills where irregularity in feed conditions is 
frequently the rule, control of all of these is necessarily left with the operator. The ten- 
dency in large mills is to limit operator’s adjustments to tilt and wash water and in some mills 
tilt is not adjustable and the operator controls wash water only. In some plants splitters 
are fixed in position and products must be brought to the proper points by shifting their 
position on the table deck by changing tilt and wash water. It is much better to have mov- 
able splitters and to take care of all minor shifting of the product streams by moving the 
splitters, leaving water and tilt as nearly undisturbed as possible. 


Comparison with other machines. For results of competitive tests with 
other tables see the other tables. 

As a result of a competitive test with a fine jig at Bunker Hiti and Suttivan, Caetani 
concluded (3 MM 54) that the Wilfiey table had twice the capacity of the jig, made a higher 
recovery and required less skilled labor and less water, power, and repairs. The table made 
a slime separation that a jig fails to make and there was less fall of material in passage 
through the machine. Jig concentrates were richer and the middling contained less free 


mineral. Tailing assayed about the same in both cases but the coarse part of the jig tailing 
was lower grade while the fine part was of higher grade than the Wilfley. 


Buss table is a side-inclined shaking table which has the deck frame sup- 
ported on a number of lath-shaped ash or hickory strips, pivoted at the lower 
end and standing inclined toward the motion end about 15° from the vertical. 
The head motion is a simple eccentric. On the forward stroke particles 
in contact with the table deck move forward and upward with it; on the 
reverse stroke the particles continue to move forward but, by reason of the 
fall of the deck, are out of contact with the deck during a part of their forward 
travel. The result is that forward travel is much more active than on tables 
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with the Wilfley type of motion. Riffles are full-length and converge slightly 
toward the tailing side. Height and taper of riffles, speed, stroke length, 
power and water consumption and capacity are about the same as on the 
Wilfley table. 


Ferraris table is closely similar, except that the number of spring supports is less and 
_ the riffling is not carried full length but is cut off at right-angles to the motion along a line 
about two-thirds the distance toward the concentrate end of the table. 


4. Butchart table 


This table (also called Nattonan TABLE) is a rectangular-deck, full- or 
partly-riffed table, differing from those previously described in that the 
riffes are bent diagonally toward the feed side about along the line of the 
“Wilfley diagonal” and run in this direction for a few inches, where they ter- 
minate or are again bent back substantially parallel to the tailing side. Diag- 
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Fic. 8.—Butchart riffing. 


onally-ferminated riffing is used for cleaning; full-length riffing principally 
for roughing but also for cleaning. The “wave” in the riffles along the 
“diagonal” line is claimed to effect a rotary vanning motion that aids in 
bringing gangue to the surface of the beds in the einai Rey 

riffles where it can be washed away. Fig. 8 shows r\\\\\ 
plans of three forms of Butchart riffing. Either of 
types (a) and (6) may be changed to full-length by 
continuing the riffle cleats to the concentrate end in Si 

a direction parallel to the tailing side. Probably fee nee ete 
most Butchart riffling is eS on Le bats ee os 

anisms W. A. Butchart manufactures 5 
complete a with a head motion (Fig. 9) of the toggle type that is enclosed 
and runs in oil. This is a distinct advantage. 
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Effect of full-length riffing is shown in Fig. 10. The coarsest heavy mineral discharges 
highest up on the concentrate end and there is a uniform decrease in size of heavy mineral 
in the concentrate as the tailing side of the table is approached. The gangue sizes, op the 
other hand, are distributed as on the Wilfley table. This arrangement of discharging grains 

is due to the fact that after stratification, which 
Feed_side takes place as shown in Fig. 3, while the light 
minerals are washed away as on the Wilfley table, 
the heavy minerals are afforded the support of 
the riffles the full length of the deck, are not 
subjected to film-sizing and the only effective 
force acting to cause size segregation of these 
grains is eddying in the riffles. The eddying 
water lifts the finer particles more readily than 
the coarse and these particles are, therefore, 
carried over the riffle cleats and down slope, 
while the coarse particles travel along to the end 
oF . if of thetable. The result is tospread the product 
Fic. 10.—Distribution of minerals at bands at the discharge edges of the table and 
discharge end of a shaking table rifled permit much closer and cleaner splitting than 
full length. is possible with diagonally-terminated rifles. 
This is particularly true of the concentrate- 
middling split. .On the other hand, the full-length riffles support fine gangue and carry it 
toward the concentrate end, with the result that more water must be used to get clean con- 
centrate than on a table with partly plane surface, and there is more fine clean gangue 
in the middling. 


Concentrate end 
Head- motion end 


Tailing side 


Performances at several mills are given in Table 6. 


e 

Maximum size of feed that can be handled depends upon the type of riffing. In 
roughing service, with tables riffled full-length, the maximum size of feed is probably about 
34-in., but with such coarse feed, while a clean coarse concentrate can be taken, it is difficult, 
if not impossible, to make a satisfactory separation of middling from tailing. In finishing 
service, with diagonally-terminated riffles, the maximum size that can be satisfactorily 
treated is about the same as ona Wilfley table, viz.: 2- to 2.6-mm. Minimum size is the small- 
est that will settle in the cross-water current and will therefore be smaller the smaller the 
maximum-sized particle of feed. At the Bonne Terre mill of St. JosepH Leap Co., general 
mill concentrate was de-slimed at 100-mesh and the fines thickened and treated on a Butch- 
art table. The concentrate assayed 80 per cent. Pb.; 95 per cent. passed a 200-mesh screen; 
tailing assayed 6 per cent. Pb. When coarse feed is treated it is necessary to have fine 
sand present. Attempts to enrich jig lead concentrate on the table failed until sandy.table 
concentrate was added. 

Riffiing is varied according to the character of service and size of feed. Full-length 
rifling is used principally in roughing, but may be used also for finishing, especially when the 
ratio of concentration is low; diagonally-terminated riffles are used for cleaning. Rifle 
cleats are usually }% in. high at the concentrate-discharge end, tapering from about % in., 
but. when the feed is coarse, ratio of concentration low, or tonnage exceptionally high, the 
taper may be from 1 in. to %& in., in order to provide concentrate-carrying capacity. With 
such deep riffles at the concentrate end, they are usually given a slight curve downhill near 
the end in order to keep sufficient water along this end to prevent banking. The average 
RISE Of RIFFLE CLEATS in the ‘“‘wave”’ section is 1 in. in 4 in. of run parallel to the tailing side. 
The steeper the rise the cleaner the concentrate, other conditions being constant. Riffle 
cleats in roughing service or with coarse feed are usually of hard wood, oak or maple pre- 
ferred; in cleaning, sugar-pine cleats are satisfactory. Life of oak rifles is three times that 
of pine. 

Linoleum is the usual DpcK COVERING, but soft rubber (old vanner belts) has been used at 
the Morenci branch of PHpups Dona and in the souTH-pasT Missouri lead district. Con- 
crete has been used at Bonne Terre mill of St. JosepH Leap Co. Concrete mixture is 2 of 
sand (2-mm.) to 1 cement; it is laid on linoleum flush with the tops of riffle-nailing cleats 
346 to 4 in. high and is given a steel-trowel finish. Life of linoleum covering is 6 months 
to 3 years, depending upon the size of feed; rubber has a longer life, but new covers cost 
three to four times as much as linoleum. Concrete deck at St. Josepa Leap Co. has given 
very satisfactory service. It has the disadvantage of increasing the weight of the rapidly- 
reciprocating deck, with consequent increase in power consumption and wear. 

Capacity on 2- to 3-mm. feed in roughing service is from 100 to 200 tons per 24 hr. which 
is about the same as that of the Garfield table (see Art. 9). In finishing work on 1.5- or 2- 
mm. feed the capacity on lead ores is from 30 to 65 tons per 24 hr. and in cleaning rough 
copper concentrate, through 8-mesh, ranges from 40 to 75 tons. Cole (61 A 404) reports 80 
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Notes to Table 6 


a Garfield-table concentrate, about 5-6 per cent. Cu. 6 For screen test, see Table 6a. 
c Standard full-length Butchart riffing on No. 5 Wilfley deck. d Riffles terminated on 
diagonal at end of curve. Wilfley deck cut 2 ft. short. e lper cent. on 8-mesh, 35 per 
cent. through 65-mesh. f Tables set 10 ft. center-to-center. g 5 per cent. on 14-mesh, 
19 per cent. through 65-mesh. h Installed. i See Fig. 8, c for sketch of riffing. j All 
—4-mesh, 15 per cent. —200-mesh. & 10 per cent. on 48-mesh, 16 per cent. — 200-mesh. 


1 
Au, oz. | Ag, oz. Pb % Fe % |Insol. % 
Reed's sje ac otee. = 0.04 5.8 2.9 8.0 82.0 
Concentrate..... 0.22 21.0 15.6 20.4 47.8 
carlin ee ies 0.02 3.1 (OE em | Ee er a CPS Ree 8 


m Riffles (6 in. deep at head end and 1 in. at concentrate end; slope in curve zone 1 in 4. 
n About 10 per cent. of feed by weight. o Contains 2 to 4 per cent. Pb and about 9 per 
cent. dolomite. ‘p Recovery about 70 per cent. of lead and 65 per cent. of zine. g 121 P 
660. r 116 J 395. s Estimated. f Flotation tailing de-slimed in Allen cones. u Oxide 
Cu in feed, 0.156 per cent.; tailing, 0.140 per cent.; insoluble in concentrate, 31.9 per cent. 
v Flotation tailing, all through 48-mesh, 70 per cent. through 200-mesh. w Oxide Cu in 
feed, 0.15 per cent.; tailing, 0.15 per cent.; insoluble in concentrate, 31.7 per cent.; iron, 
29.1 per cent. x Oxide Cu in feed, 0.25 per cent.; tailing, 0.227 per cent.; insoluble in 
concentrate, 15.0 per cent. y Rougher. 


Table 6a. (Supplement to Table 6.) Sizing tests of feeds to Butchart tables 


Per cent. weight on screen 
Screen hin St. a , Real 
aperture, eas canis RS eee os Compania 
TMs Copper Co. Morenci Bonne Terre No. 4 an Ned 
e Minas 
CI lee test NRC Hee NCR SEER EL RENO OR ERR ER. Ct, ee) Rd Sd raed toe Rie ue, 
Tae Meena lie Ben ote) cSt en ite ae ares CRANE, SRE, See Ee ee, See ae 
1.651 4.3 OREO Heb: Rene tee eee | OR ae) Se Bs ee 
1.168 6.9 0.74 GES: ie SS ee eee, 19 
0.833 8.5 4.47 16.2 Pbn 2s ee ee eee 
0.589 ie 18.71 2050: = © jaa eet 17 
0.417 20.4 26.70 14.0 203s CICS bi eee 
0.295 19.7 19.91 12.3 2 fart peice rear vi ensarucs 954" 
0.208 14.0 12.32 9.2 TQS ee ee eee 
0.147 6.8 6.45 8.6 7.9 45 
0.104 2.9 3.85 8.8 9.5 12 
0.074 Ae | 0.94 2.2 4.4 5 
—0.074 237 5.81 2.2 3.8 2 


tons per day treating de-slimed Hancock-jig concentrate, — 3-in., at MoreEnct, lowering 
the percentage of insoluble from 30 to 15. 

Speed and length of stroke. The usual range in speeds is from 240 to 280 strokes per 
min. and average length is close to 1 in. The examples cited do not show any distinct rela- 
tionship between character of feed and the stroke, nor between speed and stroke length, but 
in general the rule applies that coarse feeds require longer and slower strokes than fine fetid 

Wash-water consumption averages close to 10 gal. per min. 

Lost time is estimated as close to 1 per cent. on the average and is due principally to 
replacement of deck covering and riffing. 

Attendance. Operators control tilt and wash water in all mills reporting and at Mormncr 
also control feed rate to a certain extent. The relatively low figures under ‘‘ machines per 
man” in Table 6 are probably due to the fact that no more tables were installed calling for 
attention. Butchart rifling, particularly full-length, spreads the concentrate and middling 
bands out into wide fans which change position only slightly with changes in feed rate 
hence control is easy and attendance should be small, : 


i 


Lod 
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Butchart vs. Wilfley. Cole (41 A 405) reports the following 4-day test 
at Morenci. 


Feed, de-slimed rougher tailing after re-grinding to pass 1.5-mm. Results as in Table U5 
test A. Test B in the same tabulation shows the results of treating roughly de-slimed 20- 


Table 7. Butchart vs. Wilfley table at Morenci plant, Phelps-Dodge Co. 
Feed Concentrate 
Middling, 
Test Table per cent. 
Tons per Per cent. Per cent. Per cent. Cu 
24 hr. Cu Cu insoluble 
mn Butchart 2 ae eee 101 1.66 12.46 LL 0.91 
Walfleyw 2.2). 35/5 1.47 13.21 10.9 2.26 
B Butchart........ 96.8 157 14.32 17.4 1.0 
Wille yee cs tc. 23.2 1.39 15.2 16.8 1.55 
j : Water 
Tailing, oe Ratio of 
Test Table per cent. tailing, | concen- |Recovery, 
Cu per cent. tration | Per cent. Gallons Gallons 
Cu per 
, per ton 
minute 
Butchartpas stat 0.55 0.61 1123 66.5 16 256 
Wialfley 5 At 2. csuas 0.59 0.76 sero, 51.2 12 867 
Butchart)....). +... 0.74 0.79 1723 Ca Wd eae 2 (Ea ars es 
Wilfleyisnst tele 0.68 0.81 24.8 AMY Wh..: os panera te. «> 


mesh feed on a Butchart table with special deep riffles. On the basis of metallurgical 
results alone the advantage, if any, in these tests is with the Wilfley table on account 
of the fact that tailing is too high grade to discard in both cases and the operations 
must, therefore be judged on the concentrate taken out; but capacity and water consump- 
tion and necessarily, power, labor and maintenance are all in favor of the Butchart. Results 
of similar competitive work in treating lead ores in SOUTH-EASTERN Missouri were the same, 
the Butchart table yielding the same tailing and concentrate when treating 50 to 60 tons per 
24 hr. of de-slimed 2-mm. feed as the Wilfley table yielded when treating 20 to 25 tons. 
(57 A 350, 429). In analyses of operation in both these fields the Butchart table is credited 
with elimination of all classification other than rough de-sliming, but this saving in treat- 
ment is rather due to the introduction of flotation, which removed from the tables the 
burden of making finished tailing. 

Butchart table vs. jigs. Table 8 presents the results of a competitive run between 
a Butchart table and a Harz jig at the Drerroir Copper Co, plant on primary feed passing 


Table 8. Butchart table vs. Harz jig at Detroit Copper Co. 
Feed Concentrate 
Tailing, | Ratio of | Recov- 
Machine per cent.| concen- ery, 
Tons per|Per cent.|Per cent.|Per cent. Cu tration |per cent. 
24 hr. Cu Cu insol. 

Butchart table....... 160 3:15 16.65 9.8 1.42 8.8 60.04 

Harz ie oie ck es 35 3.19 17.43 11.9 1.63 10.1 53.95 
a 7-mm. screen, without de-sliming. (51 A 406.) At Sr. JosnpH Luap Co., Bonne Terre, 


Hancock jigs gave better separation of middling from tailing than the table on —9 +2-mm. 
feed and tables were rejected for treating material coarser than 2-mm. (57 A 429.) 
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5. Card table 


This table differs from the Wilfley table principally in that the riffles are 
cut into the linoleum and are triangular rather than 
rectangular in cross-section (Fig. 11). The cross-section 
of the riffles increases from the head-motion end to a 
maximum along a diagonal corresponding to the termi- 
Fic. 11.—Cross- ation of Wilfley riffles, then decreases to nothing at the 
section of riffing concentrate end. On tables for fine feed the riffles con- 
on Card table. tract from maximum section at head-motion end to dis- 
appearance at the diagonal line. Rifles for coarse feed 

are about 2.5 in. apart, 54-in. maximum depth and )/¢-in. minimum. 


Head motion is shown in Fig. 12. (A) and (C) are fixed pins and (B) a fixed toggle block. 
The motion of crank-shaft (G@) is transmitted through the pitman and toggles to lever arm 
(D), thence by connecting arm (F) to lever (H), whose work- 
ing arm (EZ) draws the table deck back against spring (S). 
The forward stroke is impelled by spring (S) but controlled 
by the mechanism chain. Length of stroke is varied by 
changing the position of pin (P) in lever (D). The deck motion 
is differential, of the same general characteras the Wilfley, but 
Caetani (3 MM 50), discussing the choice of Card tables after 
competitive tests at BuNKER Hr~it anp SuLuivan, says that 
the Card mechanism gave a sharper return stroke than the 5 " 
Wilfley and consequently greater capacity. The deck is Fie. 12.—Head motion, 
roughly 54 X 16 ft. There is a line of flexure in the deck Card table. 
along the diagonal from the feed corner, which permits the 
slime corner to be raised or Jowered out of plane with the other half of the deck. When 
the deck is tilted up, crowding occurs along the diagonal of separation. The deck is usually 
set horizontally lengthwise. 


Performance. At Broxren Hitt Souts mill (28 MM 8) the table had a wood deck, 
sloped 1.75 in. in the width, and made 297 @ 0.75-in. strokes per min. Results on coarse 
unclassified feed are given in Table 9. A sizing test of a concentrate of similar assay, made 


Table 9. Assays of Card-table products at Broken Hill South mill 


Assays 
Product 
Lead, Silver, Zine, 
per cent. OZ. per cent. 
Mes dycGMGen lave cnt cace a tees coe cae 63.8 PB) (aes) 
Se aeaniesh Lead-zine POAGUING os ecaretnesitiseta rent 14 7.6 Ze 
PANO CALUIN sets cae ca eevee Menace 2.8 3.0 16.5 
feed a 
: Owarcz tauing’ joa. os tc han cae spare +o 2.0 2.0 8.4 
Slimecvarings Gam taste ce ce eee 19.7 (Ao 14.0 
Mead ECONCEMELA Lene crcrapanee seneteoeve-eoneene 52.8 20.0 12.7, 
wR iesh Lead-zine WRG QING reers me ceakeniveeig ace 8.7 8.0 27.2 
Pine tailing 1... Anette lhe ce 2.9 275 14.0 
feed ; a 
SIO BO SIT ion aan estucnceapaicancnse see mcate 8.8 6.6 13.0 


on Card tables at the Cenrrat Mrnz, Broken Hill, is shown in Table 10 (28 IMM 14). 
This concentrate represents a recovery of about 20 per cent. of the silver, 34 per cent. of 
the lead and 3 per cent. of the zinc in the table feed. In planning the Bunker HriLb anp 
Suutuivan, West Mill, extensive competitive tests were run, as a result of which the Card 
table was chosen. Caetani (3 MM 50) reports that the differences in performance were 
small but that the Card consistently recovered more silver than the other tables, probably 
because the wider concentrate streak, which is the result of full-length riffing, allowed a 
cut further down into the middling without too greatly lowering the grade of concentrate. 
The main factors in the choice were, however, mechanical. Great operating stability, by 
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Table 10. Sizing-assay test of Card-table concentrate, Central Mine, Broken Hill 


Assays 
Screen Weight 

mesh, on screen, : 

I.M.M.std. | per cent. Silver, Lead, Zinc, 
Oz. per cent. per cent. 

40 (GENS Teme freee Sarde. Mey So 30.6 14.0 
60 3.2 56.2 48.6 8.3 
80 6.4 39.6 56.6 5.5 
100 10.3 35.0 59.2 4.7 
120 7.6 32.0 59.4 4.4 
150 9.2 30.8 59.4 4.6 
200 17.9 30.6 61.2 4.8 
— 200 44.9 32.4 69.6 4.0 
Whole.... 100.0 33.4 63.8 4.6 


reason of the broad concentrate streak, was noted. The table stood up to 20 per cent. over- 
load without important loss in efficiency, but overloading caused sand tailing to discharge 
with the slime. The feed was classified. Capacity on different-sized feeds was as given 
in Table 11. Speed, 250 @ 34- to %%-in. strokes per min.; hp., 0.8; wash water, 7.5 to 9 


Table 11. Capacity of Card tables at Bunker Hill and Sullivan, West mill 


Glnasifier= Coarsest material 
spigot ae —. Tons 
product, POus per 24 hr. 
mniier Mesh Per cent. 100-mesh 
retained 

1 40 16 13 18 

2 40 2 22 10 

3 60 2 65 5 

4 80 7) 91 3 


gal. per min. On coarse feed assaying 15 per cent. lead, tailing assayed 2 per cent., concen- 
trate 72 and middling 14; on finer feed assaying 13 per cent., tailing was 1.5 per cent., con- 
centrate 70 and middling 12.5. 

Table 10 shows one of the results of full-length riffling in the high zine content of the 
coarse sizes of concentrate. On a table riffled full length the coarsest particles of the heavy 
minerals ride highest, reversing the ideal Wilfley-table arrangement. On the CrnrTRAL- 
mill tables the coarse blende was at the upper edge of the middling streak and was cut into 
the concentrate. The large percentage of fine lead in this concentrate is the result of the 
V-shaped rifles. The eddying characteristic of rectangular riffles (Fig. 3) is largely absent 
in these, with the result that fine heavy mineral is retained higher on the table and goes, in 
greater quantities, into the concentrate. 

Table 12 shows tailing made on classifier-spigot products at Mary Murruy mine 
(12 CME 21). i 


Table 12. Tailing made on base and precious metals at different sizes on Card tables, 
Mary Murphy mine 


Tailing assays 
Tables Sener 
P Gold, oz.|Silver,oz.| Lead, Zine, 
per ton | per ton |per cent./per cent. 
2 Card af 0.15 1.4 0.7 2.8 
1 Card 2 0.11 1.0 0.5 2:1 
1 Card 3 0.04 0.7 0.4 262) 
3 Deister 4 0.04 0.7 0.7 23 
1 Card Overflow 0.03 150 0.7 3.8 
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6. Deister sand table 


‘This was the first serious competitor of the Wilfley. Sketch of deck and 
rifling is shown in Fig. 13. The deck motion is parallel to the riffles, which, 


therefore, terminate on a line 
[ee eel diagonal to the motion. On 


this ground the table was sub- 
servient to the Wilfley patent 
(now expired). The deck rises 
about 3% in. beginning about 7 
= eee Li in. back from the concentrate- 
Concentrate end ~ discharge end thus causing the 
Fic. 13.—Deck of Deister No. 2 sand table. Seer bn f i, Sey 
deck is supported on extended ball-and-socket bearings. Tilt is effected 
by sliding wedges located under the seats of the bearings on the feed and 
tailing sides and actuated synchronously by a hand wheel or lever. The table 
is built both single-and double-deck. 


Table 13. Summary of tests on Deister No. 2 sand table, Nevada Consolidated 
Copper Co., 1910 


Assays, per cent. 


Test md Recov-| Tong 
Num- Feed Concentrate Pe eP aliges 
ber Heed, |=—— sae lume. a Tail- |eontra-| Pe? |o4 hr. 
Cu Cy |tling,) ing, Rion cent. 
Cu Insol- Cu | Cu 
uble 

1 Not classified........ 2.20 | 24.2}19.8] 1.00 |1.80]0.75] 20.0 57 24.7 

2 Middling os y< «oA: + 1.95 | 16.1] 23.6] 0.80 |0.95)0.50} 15.0 62 11 

3 BN eo (a bY a ie geal oe 1-857) 16.7 | 30.0) 1.20, 11.65) 7.15 | 24.0 38 18.1 

4 1.35]10.4| 50.3] 0.55 |0.70!0.40! 12.0 52 Ban 

5 “Unolassifiedslimes, 1.50] 13.6] 39.4] 0.55 |0.45|0.40| 14.0 66 dads 

6 60 per cent. 1.50/17.0| 34.4] 0.80 |1.15|0.60] 23.0 49 12.5 

7 — 200-mesh.”’ 1.60 | 16.2] 41.0] 0.65 |1.1010.65] 16.0 62 12.0 

8 1.35 | 14.2] 34.2) 0.80 |1.80)0.55]| 24.0 59 18.4 

9 1.00/11.6] 54.6] 0.80 |1.95]0.65] 54.0 21 33.3 
10 rhe ra , OTSO id; L157 207)" 0265.) 1.251.086) 42.0 30 24.4 
ri en em SG 0.95|10.8|68.8| 0.80 |1.60|0.65| 67.0 | 17 | 33.4 
12 and 6th Wilfle 0.80| 12.9] 49.4] 0.55 |1.2010.65] 50.0 Ooh WY Sexe 
13 bie” ¥|10.80] 7.5|66.0| 0.60 |1.05/0.45| 35.0 | 27 |..... 
14 . H 0.35| 4.7|67.8| 0.25 |0.55|0.25| 45.0 SOM ARe S. 
15 0.70) 10.6| 50.8] 0.55 |1.2010.35| 67.0 oe ne 
16 Coarsest re-ground 0.751 7.8| 12.6} 0.55 1 55 0.45 | 36.0 20 en ee 
17 material. 1.40 | 12.6] 26.6| 0.55 |0.95|0.85]| 15.0 63 lpmeeae 

\ 


Head motion for single-deck tables is a combination of a quick-return slide-crank 
mechanism and a bell lever. (See Fig. 14.) The fly-wheel driving pulley (a) is mounted 
eccentrically to crank shaft (6) which carries a slide crank (c) engaging a pin (d) that is 
attached to pulley (a). Roller (e) is eccentrically mounted and free to revolve on shaft 
(b) and actuates the long arm of the bell lever (f) which is pivoted at (g) and carries on the 
short arm the yoke (h) which attaches to the drawbar of the table deck. The action 
of the slide-crank mechanism is shown in Fig. 15. Starting with a given point on the sur- 
face of the drive pulley in position 1, the time intervals required for this point to move from 


_ crank will, therefore, be non- 
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1 to 2, 2 to 3, ete., are equal. But in the same time intervals the shaft (s), actuated by slide 
crank and pin from the driving pulley, moves through different angular distances and the 
total angular movement of this shaft during the time that the chosen point on the drive 
pulley moves from 1 to 5 is less than that moved through while the same point moves from 
5 to 1. With a uniform rate 
of motion of the drive pulley 
the rate of revolution of the 


uniform. Eccentricity of the 
drive-pulley center with re- 
spect to the center of the 
crank shaft is varied by 
means of slotted arm (7) 
(Fig. 14) by which the sleeve 
bearing of pulley (a) may be 
so rotated as to cause the 
center to approach or recede 
from the center of shaft (0). 
Sharpness of differentiation 
between forward and back 
strokes imcreases with the 
distance between the two 
centers. The relation of the 
eccentricity of roller (e) to 
the position of pin (d) is ‘ 

such that when the roller Fie. 14.—Deister head motion. 

is depressed the table deck 

is thereby started back at the instant of maximum angular velocity of shaft (s) (Fig. 15). 
L®£NGTH OF STROKE is varied by moving yoke (h) (Fig. 14) along the short arm of the lever 
(f) by means of hand wheel (7). This change is made without changing the sharpness of 
the return stroke except in so far as increasing length without changing speed increases 
velocity. The action of this head motion is strong and positive and causes material to 
progress rapidly. A serious DISADVANTAG® is the exposure 
to grit. On double-deck tables the heavy head motion 
described in Art. 9 is used. 

Riffling varies somewhat with the character of the feed. 
The typical riffing shown in Fig. 13 has 14-in. cleats spaced 
ij in. center to center. When treating unclassified feed and 
fine sands the lowest riffle cleat, the 9th, 18th and 27th, etc., 
therefrom, and a cleat near the feed box are made higher 
than the others (e.g., 0.5 in. against 0.25 in.) in order to 
form pools to aid settlement of fine material. The riffle cleats 
are not tapered, but the upper surface is set level longitudi- 
nally and an effeet of taper is gained by raising the plane of 
the deck near the discharge end, as described. Pool riffling 
may be used, although it is unnecessary, on closely classi- 
fied relatively coarse feeds. Tables are rated as RIGHT- 
HAND when the feed box is to the right of an observer facing 
the table at the head-motion end. The drive pulley is on the side opposite the feed 
box. 
Performance. At Miami Copper Co. No. 2 sand tables running at 240 to 256 @ 1%- 
to 114-in. strokes per min. and treating the sand from the first spigot of a hydraulic classi- 
fier taking — 20-mesh feed made 38.6-per cent. (Cu) concentrate, 1.21-per cent. middling and 
0.64-per cent. tailing from a feed assaying 3.96 per cent. At Ox1p Dominron 30 tons per 
24 hr. of —0.6-mm. feed assaying 2.78 per cent. Cu was treated per table; concentrate 
assayed 10.5 per cent., middling 2.5 and tailing 0.7. Table 13 shows performance on 
different classes of feed at Nevapa Cons. Cop. Co. Table 14 gives performances in 
finishing service on a classifi,d feed and compares the performance of standard riffing with 
a Schwarz glass top. Sizing-assay tests of tailing show that the glass top retained the 
coarser mineral better than does the standard riffling, but lost a greater part of the fine 


mineral. 


Capacity ranges from 10 to 100 tons per deck, depending on the size and 
character of feed and whether in finishing or roughing service. The usual 
range of FEED size is from 2-mm. to 0.15-mm. sands. WasH-WATER CON- 
SUMPTION is 3 to 10 gal. per min. per deck. PowrR CONSUMPTION is about 


O 


Fig. 15.—Analysis of 
Deister head motion. 
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0.75 hp. for single-deck and about 1 hp. for double-deck machines. The 
average SPEED recommended by the manufacturer is 215 @ 1- to 1.25-in, strokes 
per min. 


Table 14. Performance of Deister No. 2 sand table with linoleum top and standard riffling 
and the same table with Schwarz glass top, both treating classified feed, all through 
0.833-mm. 


Standard riffling 


oe Feed Concentrate Middling Tailing 
num- 2 ; 
ber - 
Tons , Assay, Tons Assay, Tons Assay, Assay, 
per 24 hr. |percent.Cu| per 24 hr. |percent.Cu| per 24 hr. |percent.Cu|percent.Cu 
1 17.70 QetT 0.47 48.97 0.96 4.51 0.67 
2 13.50 2.37 0.59 36.87 2.06 127 0.70 
Glass’ top 
Test Feed Concentrate Middling Tailing 
num- 
ber 
Tons Assay, Tons Assay, Tons Assay, Assay, 
per 24 hr. |percent.Cu| per 24 hr. |percent.Cu| per 24 hr. |percent.Cu|percent.Cu 
1 17.20 2.01 0.56 42.22 2.14 0.89 0.63 
2 11.40 2.18 0.41 45.06 2.66 0.75 0.53 


Note—In both tests the assay of —100-mesh tailing was higher on the glass top as was 
also the percentage of total copper contained in this size. 


7. Deister slime table 


The No. 3 table is shown in Fig. 16. The deck tilts toward the tailing 
side and also toward the head-motion end. The deck surface is in two dis- 
tinct planes, that on the feed side of 
pelts Lat 3 Ee riffle (a) being higher than that on the 
| iL ws)Ly J tailing side and less-steeply sloped. 
Riffle cleat (a) and the cleat along the 
tailing-discharge side are 1% in. high 
while the other riffles are but 4g to % 
in. The deck covering is carried up 
along the back board on the head-mo- 
tionend. The result is that relatively 
quiescent pools of pulp are formed at 
(b) and (c) in which the fine solids are 
given a chance to settle after which they 
progress up a grade of about in. per 
i ft. toward the concentrate end. The 
3 low riffles afford needed support for the 

finest concentrate and middling against 

Fie. 16.—Deister simplex slime table. the force of the wash water while tail- 
ing is carried in the current over the 

lowest riffle. The table is supported on extended ball-and-socket bearings. 


Ul 1 ‘ 


ER ee) 


6: 
PSS ae el 1 oe 


Concentrate ~Wfidaling discharge 
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The bearing seats along the feed and tailing sides are supported on sliding 


wedges, oppositely faced on the two sides and connected by suitable levers 


to a hand wheel, movement of which causes tilting. The head-motion is of 
the variety shown in Fig. 14, for single-deck tables, or of a heavier variety for 
double-deck tables. The table is rated riGHT-HAND when the feed box 
is on the right of an observer facing the head-motion end and vice versa. The 
drive pulley is usually on the same side as the feed box. 


Performance. Copper. At Onto Copper Co. a table treating primary-slime feed 
assaying 1.31 per cent. Cu, 90 per cent. — 200-mesh, recovered 42 per cent. of the copper 
in a concentrate assaying 19.2 per cent. The feed rate was 5.6 tons per 24 hr.; speed, 
265 @ e-in. strokes per min.; deck, enameled linoleum. At Burro Mounrtarn concentra- 
tor of Phelps Dodge Co. flotation tailing was treated at the rate of 29 tons per 24 hr. making 
concentrate assaying 11 per cent. Cu and 16.5 per cent. insoluble and tailing assaying 
0.47 per cent. total Cu, 0.26 per cent. oxide from feed containing 0.78 per cent. total Cu, 
0.26 per cent. oxide. Table 15 shows performances in tests at Nevapa Consou. CopprEr 


Table 15. Tests on No. 3 Deister slimer at Nevada Consolidated Copper Co. 


Assays, per cent. 
Ratio 
one of |Recov- 
Days per Character of feed Concen- |yrig-| COD EYE 
TUN |94 hr, Feed,| ‘te  /ajing,| Ti |siime,| CeB- | Per 
Ce ones: Ga tra- cent. 
Cu tion 
Cu |Insol. 
1 6:7 | Binest slime: oi... 56. + 1.70:| 2923 hGho7 | 127019 48) J. 10 113.6 39 
3 9.2] Slime-vanner feed..... 102: | -7-26:1'67.8) | 0793") 0762)" 0.70) 172328 32 
6 18.5 | Smooth sand-vanner 

CTS lich hot ae ete oC 0.89] 10.5] 58.3] 2.03/0.46| 0.65 | 47.7 29 

aa hisgivcns 4 Wilfley middling...... 1.138) 138.5 | 54.3) 2.15|0.85)| 0.63 | 28.5 46 


Co. Vanner recoveries corresponding to the second and third tests were 30 and 50 per cent. 
and the concentrates contained 41 and 28 per cent. insoluble respectively. Lead. At the 
Morning mill of the FeppraL Minine and Sme.tine Co. this table treated a feed assaying 
10.8 per cent. Pb at the rate of 4.3 tons per 24 hr. Speed, 275 to 295 @ %- to 14-in. strokes 
respectively per min. Concentrate averaged 55 per cent. Pb and recovery was about 
72 per cent. Complex lead-zinc-silver ore. At Midvale (Utah) plant of U.S. S. R. & M. 
Co. the table treated 4.5 tons per 24 hr. per deck of material all passing 200-mesh, in a pulp 
containing 75 to 80 per cent. water. Speed, 258 @ %- to -in. strokes per min. Assays 
of feed and products are given in Table 16. Power for double-deck table, 1 hp. Water 


Table 16. Performance of Deister No. 3 slimer at U.S. S. R. & M. Co., Midvale plant 


Au, Ag, Pb, Zn, Fe, Cu, Insoluble, 
Produet ounce ounces |per cent.j/per cent.|per cent./per cent.|/per cent. 
Reed...) .twetea esr: 0.10 3.5 6.5 11.0 8.5 Or, "hes Sarees 
Lead concentrate..... 0.20 12.0 16.0 11.0 20.0 0.4 12 
Zine concentrate..... 0.10 4.0 6.0 26.0 14.0 120) 17.0 
Sear ay aa Mae AR a 0.03 2.6 3.0 5.9 4.0 0.35 58.0 


consumption, 2.4 to 3.5 gal. per min. per deck. One man attended 10 machines and con- 
trolled operations by varying tilt and wash water. Gold-pyrite. Daily performances in 
a 13-day test on slime feed at the GotprisLp ConsotipaTmp ComBINaTION mill are given 
in Table 17. There is no distinct relation in this series of tests between the operating vari- 
ables and metallurgical results. At Lisrrty Brevi a table roughing out concentrate treated 
10 to 14 tons of 100-mesh feed per 24 hr., running at 240 @ -in. strokes per min. and 
consuming 24 gal. of water per min. One man attended 33 machines, controlling opear- 


‘tions by means of tilt and wash water. At Hmptey Gop Mrnine Co. 50 tons of — 200- 
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Table 17. Performance of Deister No. 3 slimer at Combination mill of Goldfield 
Consolidated Mining Co. im. Loree 3: 

Sy ee eae eee hie raat: Salar 1 2 3 4 5 6 i 
Tons of solid feed per 24 hr...| 4.9 4.7 PR 9.5 8.3 8.8 8.2 
Moisture in feed, per cent.....] 83 75 76 79 83 81 81 
Assay of feed, oz. Auper ton... 1.06 0.895} 1.025) 1.09 0.90 1.30 1.06 
Assay of conc., oz. Au per ton..| 17.02 | 12.52 | 16.53 | 27.00 | 19.27 | 22.80 | 19.90 
Assay of tailing, oz. Auperton.| 0.60 0.52 0.565} 0.66 0.555] . 0.755}. ..0. 66 
Per cent. extraction by assays.| 45.0 41.8 46.5 40.3 39.4 43.4 39.0 
Water, gallons per minute....}| 1.1 1.4 iNet 1.2 1 ee Lo Le 
Number of strokes per minute.|. 290 290 290 290 290 290 290 
Length of stroke, in.......... 6 4% 1% % 14% oa 144 
Longitudinal tilt, inches in 

Fengethr Of dec keccan wteeealas oe 2 3 3 So) 4 2.5 

Arith 

Day aes rogqet) fadetdodag 9D. 8 9 10 11 12 800i oes 
Tons of solid feed per 24 hr... .| 11.4 8.4 8.6 9.6 10.4 15.6 8.9 
Moisture in feed, per cent..... 82 85 he 80 74 74 78 
Assay of feed, oz. Auperton...| 1.08 0.83 0.96 1.14 0.65 0.85 0.987 
Assay of conc., oz. Au per ton .{ 16.46 | 11.45 | 12.85 | 11.80 6c1)_) Wstey io 
Assay of tailing, oz. Auperton.| 0.68 0.545) 0.63 0.68 0.435) 0.53 0.60 
Per cent. extraction by assays..| 38.6 36.1 36.1 Ome Souk 39.2 40.7 
Water: callonsipermimuLespitiinstes er elena ant fete te aclanents elem me eects a ees Je 8s 
Number of strokes per minute.| 290 288 290 290 295 310: «ieee 
Length of stroke, in.......... Vv “% wy 4% TA6 CGB ees 
Longitudinal tilt, inches in 

fength Of eek. sof e.. y<rsasss'lim iO} 2) 2 2.9, 2.5 2:45 oa) eee 
mesh slime was treated per 24 hr. on 12 machines run at 190 r.p.m. Power, 0.8 hp. per 


machine; water consumption, 1.7 gal. per min. 


ners. Tungsten. 


One man attended 12 tables and 24 van- 


TuncsTEN Mines Co. treated 10 tons per deck per 24 hr. of a mixed 


feed consisting in part of cone-spigot discharge from original slimes and in part of the over- 
flow of a hydraulic classifier grading tailing and middling from other tables and vanners. 
Feed contained 90 per cent. water; wash-water consumption was 8.3 gal. per min. for two 
decks; power consumption, 1.5 hp.; speed, 280 @ 34-in. strokes per min. 
attended 10 machines, controlling wash water only. 
1.0; concentrate, 40 to 60; tailing, 0.3. 

Feed-pulp consistency. The effect of pulp consistency on capacity and saving of fine 


One man 
Assays, per cent. WO3: Feed, 0.5 to 


mineral was investigated by Bland (107 J 1116) with the result given in Table 18. In the 
Table 18. Deister No. 3 slimer: Effect of feed-pulp consistency. (Feed 
all through 200-mesh) 
Per cent. of 
Feed-pulp Assay of 
consistency, concentrate concentrate, Feed-rate, 
per cent solids. | P@55!98 OL0k25= per cent. WO3 tons per 24 hr. 
mm. aperture 
29 40 61 2.4 
25 34 59 3.9 
20 21 62 5.1 
17 18 58 Hei) 
14 6.4 63 9.6 
M1 if 64 4.8 
9 4.5 61 9.6 
8 0 63 4.8 
6 0) 59 12.0 


tests with thick pulp, only a small portion of the deck was used, hence Bland recommends 
working with thick pulp with resulting small capacity per deck, cutting off the unused 
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portion of the deck and multiplying decks in order to save power and floor space and thus 
compensate for decreased capacity. He also recommends close control of pulp dilution 
in order to insure regular operation and advocates dry sizing of feed to effect this, citing 
practice at New Jersey Zinc Co. (See Sec. 2). 


8. Deister-Overstrom diagonal-deck table 


This table has a roughly rhomboidal deck, shaken substantially in the line 
of the short diagonal, and riffled parallel to the direction of motion. The deck 
surface is in one plane. Two 
sizes of deck are used (Fig. 
17), a long and narrow one 
for roughing service and a 
shorter and broader deck for 
finishing. The shape is varied 
on the theory that on the 
coarse sizes the longitudinal 
component of travel is propor- 
tionally greater and greater 
length must, therefore, be 
afforded to permit sufficient 
washing, while on fine material 
the transverse travel is propor- 
tionally most rapid and width 
of deck must be furnished to 
allow the reciprocating motion 
time to move concentrate to 
the concentrate-discharge end. 
The long table is made narrow 
in order to afford prompt re- 
moval of tailing while permit- 
ting the table to be run ona 
flat slope. The concentrate 
end of all tables is cut off ona 
backward bevel so that wash 
water from the water box will 
flow over the concentrate end 
and do away with a spray pipe 
along this end. The deck is 
inclined against the travel of 
concentrate, 0.75 to 1.25 in. in 
its length for sand feeds and 
0.25 to 0.5 in. for slimes. 
Tapered riffle cleats of the - 
usual dimensions (0.25 in. wide 
ranging up to 1 in. in depth 
at the head-motion ee ac- Fig. 17.—Deister-Overstrom table. 
cordin o the service) are Fe 
ee es eae and sand-table decks; pool riffling, effected by the addition 
of a number of broad V-topped riffle cleats, are used on the slime table. In 
south-eastern Missouri grooving has been substituted for riffle cleats in some 

pering from 4 to Mp in. on the coarse-sand tables, % in. to 


laces; grooves ta \ f ; 
is pon the intermediate tables and 4g in. to nothing on slime tables. 


Roughing-table deck 


1" 
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It is endeavored to make the depth of grooves at the discharge end equal to 
the diameter of the gangue particles to be separated. 

The deck is supported on slide bearings carried on a tilting frame of light structural 
steel which, in turn, rests on a heavy, built-up through member that carries the head-motion. 
Transverse tilting is effected by sliding wedges actuated by a hand-wheel. The head- 
motion is usually the same as shown in Fig. 14. As a result of testing work at BUNKER 
Hitt anp Suuirvan, Cactani (3 MM 40) brands this as the best of all the head-motions 
tested and Robie (116 J 403), writing about the tables at the NorTHERN ORE Co. also 
commends it. . 


The shape of the table deck results in increase in the cleaning area along 
the diagonal separating line and longer time of treatment of partially enriched 
material. Long narrow decks require long feed boxes. 


In souTH-EASTERN Missouri practice they are made one-third the total length of the 
deck on coarse-sahd tables, one-half on intermediate-sand and three-fifths on slime. 


Performance at several mills is shown in Table 19. 


Table 19. Performance of Deister-Overstrom tables 


Type sone Size | Revolu- | Length 
Mill Ore ‘of &S of |tions perjof stroke, 
deck es feed | minute | inches 
24 hr. 
Phelps-Dodge, Morenci......... Copper.....| R-1 45 a 256 xy 
Chino Consolidated Copper Co...}| Copper.....| S-1 | 25-35)...... 224 1% 
American Zinc, Lead &SmeltingCo.|} Zine........| R-l 14 c 295 i% 
Sesh). Niissouri’. <:\ceusesetieearsin ce heacdateeeat 4 R-104 Dane e 210 34-1 
SF E.eMlissourl..i.. = Satie oe Geadiecses - S= Loy |S cseer ieee 240-245 | 5%-% 
Se -aVissgouri 2 <, «2. Meee Beadiine. os. SEL POS a a. cee 285 4% 
U.S. S. R. &M. Co., Midvale...| Complex....| S-1 aaa ie 0 243 4% 
Tungsten Mines Co... .......... Tungsten. ..}| S-1 85 h 240 a} 
Wash Assays, per cent. 
evaten Attend- 
Mill gallons Horse- Lee) 
power |machines Con- 5 ° 
Deh per man| Feed | cen- aos Mids 
minute Spake ing dling 
Phelps-Dodge, Morenci......... 10 0.5 23 nln ay ag OC OT a aO ce: 
Chino Consolidated Copper Co... 10 1.0 BO Pes AAs SR eR IS 
American Zinc, Lead & Smelting Co. 8 1.0d Adny ares JES. RAR ee 
Si: Missouri)... -. Serene Se eS ts cect ataite aiealy modsadlk onde |.aerate 
SE SINGSSOUPI'.. cn.2 seh raeeeaten eet necacince CEI, He clink ga cet alle tha wcsglans quce AinGomOn well ieee mene 
Si BE. Miss6iiewc. sc. ooemencngean cos nea. |, eee. ce ee ae (ei w aor -omparesy- 
U.S. 8. R. & M. Co., Midvale....| 9--20 0.75 Py 0eres Ae eae Gar f\ AF) 0 Hees | LO 
Tungsten Mines Co. otis.) 155. 5.5 2 10 0.3 58 0.1- 2 
0.14 


a +1.168-mm., 0.15 per cent.; +0.833, 6,34 per cent.; +0.417, 14.08; +0.295, 
24.20; +0.208, 28.05; +0.147, 15.56; +0.104, 7.25; +0.074, 1.20; —0.074, 3.17. 
c Through 20-mesh, de-slimed. d Installed. e First spigot of hydraulic classifier treat- 
ing feed through 3-mm. screen. f Same as Wilfley. See Table 1. g 35 tons 10-mesh 
sands to 10 tons 100-mesh sands. h 20-mesh middling from roughing table. R-1 Single- 
deck, rougher. S-1 Single-deck, sand. S/-1 Single-deck, slime. 


Feed-puilp consistency ranges from 60 to S80 per cent. water. In souTH-EASTERN 
MIssoURI work it was found (96 J 57) that pulp consistency was an important factor in 
obtaining a proper bed on the table, and the best consistencies were 10:1 (by volume) 
for coarse feed, 12 or 15: 1 for medium sands, and 15 or 18: 1 for slime. Results of test 
work at Connecticut Zinc Corporation are given in Table 20. It is interesting to note 


| 
| 
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Table 20. Performance of Deister-Overstrom table at Connecticut Zinc Co., 
Oronogo, Mo. 


| Feed Concentrate Tailing Middling 
Test Tons per | 
number 24 hr. Per Per Per Per Per Per Per Per 
cent. cent. cent. cent. cent. cent. cent. cent. 
Zn Pb Zn Pb Zn Pb Zn Pb 
1 25.8 3.83 | 0.094 | 57.70 | 0.85 2.39 | 0.065 | 7.74 | 0.071 
2 29 3.75 | 0.061 | 57.60 | 0.33 1.16 0 2.70 0 
3 16.3 3). 2350002055 | 58.10 | 0.43 1.20 0 5.24 | 0.090 
4 40.7 3.83 0.105 | 58.80 0.42 2.16 0.021 4.04 0.050 
5 48 3.64 | 0.065 | 59.40 | 0.21 1.64 0) 8.82 | 0.064 


Notes—Test 1, Feed ranged from “very coarse” to slime. Test 2, Feed coarse. Test 
3, Typical feed, mixed coarse and fine. —60-mesh material in feed assayed 5.64 per cent. 
Zn, tailing 2.46 per cent., concentrate 58.10 per cent. Lead conzentrate in this test assayed 
61.30 per cent. Pb, 9.29 per cent. Fe and 6.20 per cent. Zn. Adjustment difficult, con- 
centrate streak wandered badly. Test 5, —60-mesh in feed assayed 5.10 per cent. Zn, in 
tailing 2.84 per cent. and in concentrate 60.60 per cent. Wash water, 6.25 gallons per min. 
Continuous shifting of concentrate streak, requiring much adjustment. Tonnage of mid- 
dling return per 24 hr., 21; length of middling cut, 73 in. 


in connection with the assays of the — 60-mesh material that the fine size in the concentrate 
was considerably richer than the coarse while the reverse was true on a competing table, 
which, however, used but half the quantity of wash water and made a lower-grade tailing. 
The use of the relatively large amount of wash water to clean fine gangue out of the con- 
centrate resulted in also sweeping fine blende into middling and tailing. 


Deister-Overstrom coal-washing table is similar to the ore-concentrating 
table, but has an extra-large deck, 16 ft. 10 in. long by 8 ft. 4 in. wide, 
riffed as shown in Fig. : 
18. It treats screenings 
as coarse as — 0,5-in. 
and as fine as — ¥-in. 
The deck is tilted longi- 
tudinally and is 2 to 
2.5 in. higher at the 
waste end for coarse 
feeds, 7% in. for fine. 


The ae pene ane high cleats (black) in tbeueper Dophion of the dew 
tilt is about 7é-in. per are 34 in. deep, tapering to 0 in. The other high cleats are 5% 
f ‘ ‘th a a Pp d in. at the head-motion end and taper to 0 in. All! low cleats 
t. with coarse teed and are carried 14 in. until the plane of the upper surfaces inter- 
5-in. with fine. “Capa- sects the plane of the tops of-the 5-in. cleats, when all taper 


city is claimed to be “** Fo 
8.5 to 10 tons of feed per Fic. 18.—Riffling of Deister-Overstrom deck for coal 


hour with a water con- waebine, 

sumption of 1.8 tons per ton of feed. Speed, 245 to 260 @ 1- to 0.75-in. 
strokes per min. Power consumption, 1.5 hp. This table, a large-size 
Wilfley table (Massco) and a large-size Plat-O table, are being used to an 
increasing extent for washing the finer sizes in both anthracite and bituminous- 


coal washeries. 

Griffin (26 CA 217) gives Table 21 as representative of the capacity of the table on 
anthracite. The lesser figures in each case correspond to an operation in which maximum 
ash removal is attempted. In one breaker the capacity of a table on barley size was 50 
to 60 tons per day (8 hr.) when producing cleaned coal containing 10 to 11 per cent. ash: 
when the feed rate was increased to 85 tons per day the ash content of the cleaned coal ran 
up to 12 to 14 per cent. Table 22 shows the performance of the table when treating dif- 
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A ity of Deister-Overstrom table ferent sizes of anthracite in the same 
cad sarki fe Race tA breaker. At another breaker six tables 
treating No. 4 buckwheat produced 


200 tons per day of cleaned coal con- 

Tons of feed taining 13 to 14 per cent. ash from a 

Size of coal per hour feed containing 25 to 30 per cent. 

per table ash. Another table treating two tons 

per hour of — 364-in. + 20-mesh (No. 

No. 1 buckwheat. ........... 15-20 4 buckwheat) containing 29 per cent. 
No. 2 buckwheat (rice)... ..-. a ash produced clean coal that aver- 
No. 3 buckwheat (barley).....| 6-14 aged 9.5 per cent. ash for one month's 
No. 4 buckwheat. ....-.-.... 4 6 operations. Treating anthracite at 
Slush......+2. +5 2-22-5520 5: sui? Hupson Coax Co. the tables have 


a capacity (66 A 422) of 10 to 12 
" tons per hr. on No. 1 buckwheat 
down to 3 to 4 tons an hour on slush (— 364-in.) The tables are run at about 275 @ 34-in. 
strokes per min. Table 23 shows average results when treating de-slimed material passing 
364-in. round-holé screens and sizing 88 per cent. on 60-mesh, 8 per cent. on 100-mesh, 3 
per cent. on 200- and 1 per cent. —200-mesh. At one of the MApzrra-nruu breakers six 
tables treating rice and barley coal handled 400 tons per 8 hr., made a coal product contain- 
ing 12.5 to 13 per cent. slate, and a slate product containing 9.25 per cent. coal. The respect- 
ive calorific values were 12,663 and 3636 B.t.u. per lb. Water consumption was two tons 


Table 22. Performances of Deister-Overstrom table on different sizes of anthracite 


. No. 1 : 
Size of coal Pea Auconea Rice Barley 
Feed rate, tons per hour............... 20.2 19.3 18.0 14.4 
Clean coal produced, tons per hour...... 1332 tha V2. 10.5 
‘Ashvincfeed).per centaesisnt sate orate - 38.5a@ 43.3 35.8 33.5 
Ash in cleaned coal, per cent............ 5.7a 15.4 15.0 17.5 
Ashen refuse, per ‘Centen: Vs. Het ace. Shee. EA 80.6 78.2 74.7 
Coalsin: refuse, per (cent:).. Neri: «58s dAs = 2 D  Oimey¥y|': Segre eviccgins Ryley. te - aad eink ated 
Recovery of combustible, per cent....... 99 — 85.4 88.8 89.3 
a Refuse. 


per ton of coal. Ashmead estimates labor and power cost at $0.04 per ton with power at 
$0.015 per kw.hr. and labor at $0.50 per hr., and total cost at $0.10 per ton. At GranBy 
Consoutipatep M. S. & P. Co. (21 CA 868) Deister-Overstrom tables treated 4 to 6 
tons per hr. of — 3{6-in. slack from jig-washed bituminous coal and 6 to 7 tons per hr. of 
washed-coal conveyor drainings. Performance is shown in Table 24. Table 25 shows the 


Table 23. Performance of Deister-Overstrom No. 7 table at Hudson Coal Co. 


Distribution, per cent. 


oe Tons inane S, 
Materia poe per cent.|per cent. Pte Pe 
Solids ® aaétiate Ash Ss 
eed Grek. cbscs x treectaaien 3.41 28.0 eval 100.0 100.0 100.0 100.0 
Washed coall.2......... 2.43 13.0 0.79 71.3 86.1 33.2 32.8 
Slate product.......... 0.93 65.0 1.91 27.2 13.2 66.2 33.2 
PYTItG 43.9 ose «CES 0.05 70.0 42.00 ho 0.7 3.6 36.8 


Ash reduction, 53.5 per cent.; sulphur reduction, 53.8 per cent. 


results of a number of tests on a quarter-size laboratory table treating Washington bitu- 
minous coal and coal-washery products (Bul. 28 UW). The tests on — %-in. raw coal are 
all unpromising. The tests on — %(6-in. raw-coal screenings are better, but whether because 
the table treats this size better or because the ash was more completely freed is not apparent. 
Probably both facts aided. Some of the tests on refuse showed some promise for the pro- 
duction of mine fuel, but not for salable coal. At the Renton Coat Co., Renton, Wash. 
(19 CA 741) five Deister-Overstrom coal-washing tables treating — 3(6-in. reclaimed sub- 
bituminous sludge handled approximately 40 tons of feed per hour and reduced the ash 
from 28 or 30 per cent. to 16 or 18 per cent. with high recovery. Reduction to 10 per cent. 
is possible by putting more coal into the refuse. 
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Table 24. Performance of Deister-Overstrom tables treating bituminous coal 
at Granby Consolidated M.S. & P. Co. (After Garman) 


Float Sink 
Ash, 
Material per cent. 


Per cent. | Per cent. | Per cent. | Per cent. 
weight ash weight ash 


Tables treating washed jig slack 


JNeGye aay erties ete Seer Neen (oe ey eles reer 59.00 10.00 41.00 40.00 
BY SMe COB certs case cs earns cules, wiigene ape 71.00 9.50 29.00 31.32 
RCLUSO: Og.p-sists nh HORS SIs EAGER 4.00 14.65 96.00 46.60 


Tables treating drainings from washed-coal conveyor 


Cee re accent or Be RRR Me 21 69.0 12.50 3L.0 41.49 
NAS HEC OA roars cacncstacpeusccrensne 14 70.0 11.10 30.0 35.20 
BVCRUSES Malware £5 ose sueems fs 45 WS 20.67 98.5 53.73 


a Equivalent to 5.4 per cent. of feed. 


Shaking tables will treat coal as coarse as —34-in. but performance is 
better on —3{,-in. or smaller. Anthracite feeds must, in general, be smaller 
than bituminous. For treating fine sizes, power and water consumption per 
ton treated are both markedly less than that of jigs. 


Empire table is a rectangular-deck diagonally-riffled table with 4 X 10-ft. deck sus- 
pended by means of 3-ft. rods from an overhanging frame. The rods are inclined from the 
vertical as in the Ferraris screen and the head-motion is a simple eccentric. The stroke is 
exceptionally long, ranging from 2 to 5 in. and correspondingly slow, 135 to 160 per min. 
The long, slow stroke keeps the bed loose and gives high capacity. The long stroke and 
coarse feed cause tremendous wear on riffle cleats; Wiard (112 J 417) says that ordinary 
linoleum and soft-wood cleats last only one to two weeks in such service. Gross (102 J 428) 
states that the table has been operated to give high capacity on 0.5-in. feed; it will not 
handle slime (107 J 458). At Sr. JosmpH Leap Co., Bonne Terre mill, a table making 168 
@ 3.5-in. strokes per min. treated 65 tons per day of de-slimed — 10-mesh feed (6.5 per cent. 
on 14-mesh, 13.2 per cent. through 100-mesh) containing 50 per cent. water. Power con- 
sumption, 0.5 hp.; wash water, 10.5 gal. per min. Assays; per cent. Pb: Feed, 8.0; tail- 
ing, 0.4; concentrate, 78.0; middling, 9.0. Gross also describes the treatment of 30-mesh 
gold-silver ore at the rate of 37 tons per 24 hr. on a 4 X 10-ft. deck making 135 
@ 5-in. strokes per min. Power consumption, 0.5 hp.; wash water, 10 gal. per min. 
Assays: Feed, 0.2 oz. Au, 8.4 oz. Ag; tailing 0.03 oz. Au, 1.9 oz. Ag; concentrate, 0.54 oz. 
Au, 21.4 oz. Ag. 


9. Garfield table 


This is essentially a Wilfley table with riffles carried straight across from 
head-motion to concentrate end over the full surface of the table. It is used 


exclusively for roughing service. 


Construction. When specially built and not merely a Wilfley table with modified 
riffing, the deck is made rectangular, 4 ft. < 12 ft., and the head-motion, although of the 
same type as the Wilfley, is heavier in order to handle the heavier pulp loads. The table is 
frequently double-decked, the additional deck carried about 8 in. above the regular deck 
on heavy cast-iron stanchions attached to the lower deck. Head-motion for double-deck 
tables is twice the size and several times heavier and more rugged than the Wilfley motion. 
The riffles are deeper and wider than the Wilfley. At Uran Copprr Co. (112 J 415) riffle 
cleats were 1.5 in. face to face, 34 in. deep at the head end tapering to % in. at the line corre- 
sponding to the Wilfley diagonal, and extended thence to the concentrate side at uniform 
depth. The bottom face of the riffle cleats is beveled to allow the side faces to stand ver- 
tically at the steep inclination of the table. Riffle cleats are usually hardwood, maple or 
oak. Linoleum is the commonest deck covering but wears rapidly and in some mills cast- 
iron plates with riffles cast on are let in near the feed corner to take the excessive wear at this 


point, 


See. 10, 
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Performances are given in Table 26. Average capacity on — 2-mm. feed is close to 125 ‘ 
tons per deck per 24 hr. with 245 to 250 @ l-in. strokes per min. Table 27 shows the effect 


Table 26. Performance of Garfield tables 


Mill Kind of ore pea of Size of feed | Rifile cleats 
Butte SRSUPELION vasa lolena.deass Zinc 2 a Maple 
- Chino Cons. Copper Co........ Copper i i tine See Gene 
Ray Cons. Copper Co.(0)..... Copper 1 a Sugar pine 
Ray Cons. Copper Co.(c)......} Copper 1 a Sugar pine 
Ray Cons. Copper Co.(d)..... Copper Oe oe Ure ce eee se Sugar pine 
itaheCopper .Co..:{. sia... + pees Copper 2 12-mesh Hardwood 
Alaska Gastineau..........4:- Auriferous 
pyrite 2 a Fir 
‘ Wash 
ess Length |Tons per] water, H Per cent. 
Mill one of stroke,| 24 hr. | gallons Ce Cae eee 
per). power | . 
minute | imches | perdeck| per in feed 
minute 
BUI EC oo EDEL OL cea ereisi se sea 256 % Te a escteee te ee ln eee 
Chino Cons. Copper Co........ 260 1% 200 3.4 1 60 
Ray Cons. Copper Co.(6)..... 245 1 125 6.2 1 50 
Ray Cons. Copper Co.(c) ..... 245 1 125 10.5 1 50 
awe ons JC Opper Cond) ib 5 .csecaillasslensanascraall kc avo uanace 65 3.5 0.75 60 
DIG) aT Olay 8} OX) OLS aac x NM: fly eee Woe ESE TOO seed el ot veo orks, eke etn cits 
PAN ASIA AGA SLIT OD Uo ofan oiseuSyaney sycnex-ns 251 1 150 12 1 58 
Assays, per cent. Recoy- | Attend- 
es SES cates 
Feed Conc. | Tailing |Middling Rake. conl per man 
Butte é& Superior.|. oc! 0... = 15 A 41.4 6.6 D2. Tufteweceat 48 
Chino Cons. Copper Co........ 1.88 6.44e 1328] Geee ee 37.4 35 
Ray Cons. Copper Co.(6)..... 1.26 4.20 OV SAT ere. ES 41.7 40 
Ray Cons. Copper Co,(c) ..... 0.97 5.0 ON 58 Fhe teccsces D0 4 40 
Ray Cons. Copper Co.(d)..... 0.72 6.0 OUAS TERA Ses BOER: S|, SEFOR 2 
WTAE OP DEC CO reo es rece tee [ae ncaee Ak le aa aaa rede e. axa he | Vranas 
Alaska Gastineau....°.......°. $1.25 | $13.15 SORSS 7 Raha. « 73.8 80 
a See Table 26a. 6 Primary. c ‘‘Mill.’’ d Secondary. 
Table 26a. Sizing tests of feed to Garfield tables in Table 26 
Per cent. weight on screen 
Screen 
aperture, Gino Ray Ray 
mm. Butte & Goncoliiated Consolidated | Consolidated Alaska 
Superior Copper Co Copper Co., | Copper Co., Gastineau 
- “Primary”’ “Miall’’ 
See) 4 we ee aes al bes es Eire ee Butoe e tees ae ee kre Se ine eres 
1.651 6.79 3.8 12D Steg le Sate oh «tia 7.08 
1.168 19.86 7.3 TPP OAL D Wits bye Whe wah o heae Sills hace soe Galer 0 elace 
0.833 17.70 8.3 9.95 2.92 30.94 
0.589 12.61 8.3 11.23 13.91 11.70 
0.417 11.21 7.9 9.80 11,33 4.84 
0.295 7.49 5.5 5.89 6.87 5.56 
0.208 | Heals 5.8 5.10 4.64 5.60 
0.147 4.08 6.4 5.17 6.44 5.58 
0.104 3.22 5.6 2.87 3.43 1.88 
0.074 V5 3.4 2.71 3.60 5.16 
—0.074 10.76 37.7 21.01 46.86 21.68 
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Table 27. Effect of tonnage on Garfield-table performance, Ray Consolidated Copper Co. 


Teed 
Size, Weight, per cent. Assay, per cent. Cu Per cent. total Cu 
mesh a ae Se a SEE 
1 2 3 1 2 3 1 2 3 
20 37.3 42.3 43.7 | 1.68 1.75 1.86 28.9 33'.7 34.1 
30 18.0 16.5 14.7 1.96 2.10 2.26 16.3 15.6 14.0 
40 8.0 hth 5.5 2.90 2.51 2.62 8.8 P39 6.1 
50 5.4 4.4 6.4 Pe OF 2.80 2.97 6.9 5.5 8.0 
60 1.9 1.9 179 | 2.79 2.88 3.26 2.4 255 2.6 
70 3.3 2S 3.1 3.04 3.26 3.41 4.6 4.1 4.4 
80 0.2 OFS Oe les OU 2.78 3.53 0.3 0.3 0.6 
100 2.9 2.5 276 3.22 3.51 3.87 4.3 4.0 4.3 
120 1.3 thet eat 3.66 3.71 3.69 2.2 1.8 AO 
150 Zao 2.4 24 |; 3:63 3.78 4.04 4.2 4.1 4.1 
200 0.8 a 1.1,| 3.03 3.30 3.07 ital 1.6 1.4 
— 200 18.4 u Bret § iy fae | 2.35 2.45 2.61 20.0 18.9 18.7 
Motalsaeeee 100.0 | 100.0 | 100.0! 2.10 | 2.28 | 2.38 | 100.0 | 100.0 | 100.0 
Concentrate 
Size, Weight, per cent. Weight, per cent. Cu Per cent. total Cu 
mesh ; 
1 2 3 1 2 3 1 2 3 
20 25.5 25.6 24.4 | 10.00 ie rAD) 8.98 23.7 25.8 27.9 
30 18.4 23.0 20.7 8.46 5.64 5.75 14.5 a Gifagal 15.1 
40 Ted 13.7 14.3 8.19 5.34 5.30 9.2 9.6 Ou 
50 Lae O: 11.8 EO ak 8.84 6.00 5.63 9.0 9.3 Se 
60 Ej Speers 7800) 3.5 9.81 6.78 6.22 322 2.6 2.8 
70 8.4 eee 8.5 | 10.41 7.83 ROT 8.2 29 Gad 
80 0.7 0.8 0.8 | 10.41 9.10 6.90 On 0.9 Ona 
100 6.8 5.8 6a4 |i 12258 | 10547 8.83 8.0 7.8 7.3 
120 0.9 0.9 1.4 | 15.98 | 10.23 | 10.81 ie 1.2 1.9 
150 202) 1.3 10)|) 14572) |) 18e08h)- 11 283 3.0 Pe) 1.4 
200 4.5 3.0 Sef 7 LS Sn 90) Los4d (nee? 6.3 6.7 
— 200 6.0 3.4 3.5 | 21,30.) 20.72 | 22.24 12.0 9.3 10.1 
Totaleie cc 100.0 | 100.0 | 100.0 | 10.80 (het) 7.72 | 100.6 | 100.0 | 100.0 
Per cent. of 
original....| 8.8 12.7 Ly a rose estroge ee idee | Saeacncstriged Wort iseho ast inno ete heres oc 
Tailing 
sae Weight, per cent. |) Assay, percent. Cu) Per cent. total Cu HeCOW ery Per cea 
mes | 2 
1 2 3 1 2 3 af 2 3 nf 2 3 
20 42.2) 47.5) 47.8) 1.21/1.17)1.32] 34.8] 41.0] 46.2/35.8] 33.8! 37.0 
30 16.1) 14.7) 14.2) 1.40) 1.27] 1.27 | 15.4) 13.8] 13.2138.8| 47.6] 49.1 
40 5.5) 4.7) 5.6) 1.68)1.25])1.23| 6.38) 4.4] ~5.0145.7| 48.1] 72.0 
50 SS) A, 8) SiO) Le eS7epbe2o lelee hone fast || = Aad ONO 57, O: || © 7 ONGIAG op 
60 1 G)s Sie Wea), Loi Se O4e | iG) dl UE ete O5 Ze Lil | Azaeaits AR 
70 Ol DO” Qe D coi Pe COG OL’ Maat al IG GLeOING. 7 || Sale wee g, 
80 O54) SONS) 0). HE 6Or iS Ol iO. 7G SORS SOR TORS EL | 1 Seat Re be 
100 Ais) LS) 2 1) 1. 50h r06 0.851) M284)" 134) SB I80-2 ||) S5r4 76.8 
120 0.9) SOu7) 121) 2. 584¥.05 0.85) =130!” O75)" (027126.6 \ 25 gl-. eee 
150 pale 2a -2eo|) LGSit a OO. One eoeone TET" | keto pail a6) .0) 
200 OO) S028), OCS) 1472) 0510.87 ik BOLO!) O27) O85F28° 05 1EkamsteS 
— 200 19.5) 19.3] 18.9) 1.84] 2.02) 1.89] 24.5) 29.2) 26.1) 26.1] 21.4] 24.0 
Dotalsce «payes 100 .0/100.0/100.0| 1.48 | 1.37 | 1.33 |100.0|100.0|100.0| 45.3 43.7| 44.4 


Test 1, 129 tons per 24 hr. 


Test 2, 91 tons per 24 hr. Test 


3, 65 tons per 24 hr. 
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of tonnage on performance. This test shows maximum recovery of grains between 0.15- 
and 0.2-mm. at all tonnages with a sharp dropin recovery in the sizes below 0.15-mm. Low 
recovery in the coarser sizes is apparently due to included grains. The efficiencies of the 
respective concentrating operations, based on copper contained in free mineral, were 73.3 
per cent., 79.5 per cent. and 82.8 per cent. By increasing speed and length of stroke, 
CuHINo raised capacity to 200 tons per deck without marked loss in recovery as compared 
with Ray results. Since tailing is to be re-ground in any case, such overcrowding of the table 
would seem justifiable. Sipe TinT in roughing is usually held constant and variations 
in feed conditions are taken care of by varying the WASH WATER. Consumption of wash 
water ranges from 3.5 to 12 gal. per min. Dirty water is usually used. PowER CONSUMPTION 
is slightly higher than for the Wilfley table on account of the heavier bed of solids on the 
table; power consumed by double-deck tables is 25 to 33 per cent. in excess of that for 
single deck. 


10. Overstrom Universal table 


This is a one-plane table, roughly rectangular in plan, about 18 ft. 6 in. 
by 5 or 6 ft., with diagonal riffing. The deck is supported on leaf springs 
of hickory set so that the long transverse axes center at a point on the center 
line of the head-motion shaft extended beyond the feed side, thus giving the 
deck a horizontal twisting motion. These springs are inclined backward 
slightly, as in Ferraris and Buss tables. The riffle cleats, however, are curved 
in such a manner that they are substantially tangent at any given point 
to the motion of the deck at that point. 


Head-motion. Differential reciprocating motion is obtained by mounting an eccen- 
trically-loaded pulley loosely on a shaft carried on extended deck sills. Motion resulting 
from revolution of the pulley is constrained to the horizontal by gravity and the spring 
supports; horizontal movement is stopped by a bumper at the forward end of the stroke 
and controlled by a spring on the back stroke. Length of stroke is controlled by a canvas 
pad of variable thickness inserted between a bumping strut on the deck frame and the bump- 
ing post. Sharpness is controlled to some extent by varying the spring tension. Sipe TILT 
is adjusted by a screw-controlled multiple wedge under the feed side. Powrr CONSUMPTION 
varies between about 0.25 hp. light and 0.75 hp. loaded, average is about 0.5 hp. Capac- 
1Ty is claimed to range from 20 to 300 tons per 24 hr. according to the character of feed 
and kind of service. 

Performance. Results of a test at NevapDA CoNnsoLIDATED Copprr Co. are given in 
Table 28 and of another at Ray CoNnsoLipaTED Copprr Co. in Table 29. At the latter 


Table 28. Performance of Overstrom Universal table at Nevada Consolidated Copper Co. 


2 
Feed (a) 3 

Test Sones Tailing, | Recov- 

i orate per cent ery 

num- ae : A 
ber |Tons per)|Per cent.|Per cent. car Cu per cent. 

24 hr. solids Cu. 

1 39 18 2.92 11.10 1.31 62.5 

2 36 Lz. 2.47 9.22 1.05 64.8 

3 82 21 2.37 Wael 1.06 64.7 


a Middling from Wilfley tables treating primary rougher concentrate from 10-mesh feed. 


plant the table was clearly overloaded when the feed rate exceeded 200 tons per 
24 hr. Table 30 presents performance on classified feed at Uran Copprr Co. 
Classifier feed all passed 28-mesh. At Cuino Copper Co., in two 19-day tests, treating 
Garfield-table rough concentrate assaying 4.49 per cent. Cu and 3.95 per cent. Cu respect- 
ively in the two periods, the table made concentrates averaging 11.78 per cent. Cu, 34.7 
per cent. Fe, 34.7 per cent. insoluble and 21.86 per cent. Cu, 29.28 per cent. Fe and 16.6 per 
cent. insoluble respectively; tailing 1.91 per cent. and 1.98 per cent. Cu, representing recoy- 
eries of 55.7 per cent. and 49.6 per cent. At the same mill, in similar test periods, treating 
the combined products of the fourth and fifth spigots of a Richards-Janney classifier, assay- 
ing, for the two periods 1.42 and 1.51 per cent. Cu respectively, the table made correspond- 
ing concentrate assaying 9.81 per cent. Cu, 29.16 per cent. Fe, 31.8 per cent. insoluble and 
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Table 29. Performance of Overstrom Universal table at Ray Consolidated Copper Co. 


Assays, per cent. Cu 
Test Tons per Recovery, 
Se 24 hr. io per cent. 
pen Feed) | Concen- | Taiting 
trate 
1 155 dil? 12.9 0.89 QE uk 
2 169 1.26 1234 0.94 27.4 
3 172 1.25 13.7 0.97 24.1 
4 199 1.16 12.9 0.95 19.5 
5 210 1.39 a Rs yars} 1.23 12.5 
6 217 , MS? 14.7 MAG 15.8 
fe 319 1.45 14.4 yea hee 23).2 


Note—Feed is — 5-mm. impact screens. 


Table 30. Performance of Overstrom Universal table on classified feed 
at Arthur plant, U. C. Co. (1917) 


Spigot number 
Legend i N 
1 2 3 4 5 | Aver 
age 

Average tons,per Gay... hydela.cseucle 21 22 EZ 18 34 22 
BPeedkepen iCents Gil Sue -nchetnkeby-- dx males 1.00 1.20 0.99 1.29 1.28 5 ep be 
Bieed gab Gr Celt RG ie a. as ais eootcie Endod as 2.46 2.06 1.88 1.86 1.39 1.87 
Parlin’. pen cents. Car: xn sk yesedosniornleisn sis ss 0.35 0.34 0.30 0.28 0.25 0.30 
Wire dics, U OMS i, aa Saco <tepcvel dan bealontaranens 3 3 4 4 6 4 
Middling, per cent. Cu............-. 0.84 1.12 2.00 0.73 0.70 1.08 
Concentrate, per cent. Cu........... 14.63 | 13.02 | 17.30 | 25.38 | 24.47 | 18.96 
Concentrate, per cent. Fe........... 29.39 | 24.39 | 26.97 | 24.18 | 21.66 | 25.32 
Concentrate, per cent. insoluble...... 15.80 | 27-76 | 18.72 | 15.29 | 22.22 |" 19.96 
Ratio of concentration. ............. 21.87 | 14.78 | 24.85 | 24.90 | 23.40 | 21,43 
RECOVERY) DEY COMbia i dp'F! cpols oo’ e sxeyaieys 66,.88 |.73.54.| 70.54 | 79.15 | 81.56 | 75.70. 


12.57 per cent. Cu, 22.5 per cent. Fe and 39.9 per cent. insoluble; and tailing assaying 0.57 per 
cent. Cu and 0.65 per cent. respectively, representing recoveries of 56.8 and 54 per cent. 
At Derrorr Copper Co. (Phelps-Dodge, Morenci), treating de-slimed sand (0.2 per cent. 
on 8-mesh, 5.69 per cent. through 65-mesh) at an average rate of 70 tons per 24 hr. the table 
made concentrate assaying 9.06 per cent. Cu, 23.9 per cent. insoluble and tailing carrying 
0.51 per cent. Cu from feed assaying 1.02 per cent. Cu. On finer sand (0.14 per cent. on 20- 
mesh, 13.1 per cent. through 100-mesh) average tonnage per 24 hr. was 47; average assays: 
Feed, 0.87 per cent. Cu; middling 0.74 per cent.; tailing, 0.41 per cent.; concentrate, 11.6 
per cent. Cu, 27.2 per cent. insoluble. At OLtp Dominion Copper Co., treating flotation 
tailing at an average rate of 39 tons per 24 hr. in a pulp containing 20 per cent. solids, assays 
were as follows: Feed, 0.35 per cent. Cu; tailing, 0.32 per cent.; middling, 0.43 per cent.; 
concentrate, 4.65 per cent. Cu; 23.2 per cent. insoluble. This table was operated at 265 @ 
146-in. strokes per min, and used 3.8 gal. wash water per min, 


11. Plat-O table 


This is a substantially rectangular diagonally-riflled table with deck about 
14 ft. long by 6 ft. wide at the head-motion end and 5 ft. wide at the concen- 
trate end. The deck is in two planes joined by a sloping surface along the 
separating diagonal, the higher plane being at the concentrate end. For some 
conditions three planes or plateaus are used (Fig. 19). The methods of riffling 
are various, according to the character of the feed, but in general the riffle 
cleats are wide with relatively narrow spaces. They are carried at full depth from 
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the head-motion end to the plateau, and taper in riffle depth is obtained by 
the rise in deck surface at this point. On the concentrate side of the rise 
in deck surface riffle cleats are omitted on slime and fine-sand tables, wafer 
cleats are carried to the end of the coarse-sand table and higher cleats on the 
roughing table. When the concentrate plateau is unriffled the upper surface 


Intermediate plateau: ——. 4 so 
ie One cleat Fa 
Kz Drop Tailing side riffle, See, bevel 


(Aeontah Linoleum. 
[plateau te 


anew 


Cross-section aa; 
discharge end. 


Cross-section of 
main riffles. 


Dressing water board 
1g x3'x9'- 9-3'long Taper rifles 


Note: Deck has 31 main riffles. &3 ogg in 
Fic. 19.—Plateaus and riffing on a Plat-O table. 


of the riffle cleats and the surface of the plateau are in the same plane. This 
gives the effect of a one-plane table with shallow grooved riffles widely spaced. 
The amount of rise at the plateau and the slope vary; a typical figure is 
34-in. rise in 12 in. measured along the line of the riffles. Linoleum is the 
usual deck covering, but rubber may be supplied on roughing tables treating 
coarse feed at high tonnage rates. The head- asta 

motion is the same as illustrated in Fig. 20 and 
is carried in a covered tank-like housing that 
allows it to be run nearly submerged in oil and 
completely protected from splash and grit. The 
deck is supported on self-oiling dust- and grit- 
proof slipper bearings and is tilted by means 
of an adjustable multiple wedge under the feed- 
side slippers. A special table for coal washing F1¢. 20.—Head motion for 
is rectangular, 7 ft. wide by 14 ft. long. The Plat-O table. 
manufacturer recommends 290 @ 1}4/¢- to 13{¢-in. strokes per min. for slime 
treatment, 290 @ 34- to 134¢-in. for fine sand, 275 @ %- to 1-in. for roughing 
8-mesh feed, 240 @ 1%- to 114-in. for roughing 14-in. feed, and 285 @ %-in. 
for —34-in. coal. 


Performance. Copper. Coprrr RANGE CONSOLIDATED treats 15 tons per 24 hr. of 
— 35-mesh feed assaying 0.5 per cent. Cu and containing 80 per cent. moisture. Concen- 
trate assays 45 per cent. and tailing 0.22 per cent. The table is a standard Wilfley with 
plateau and Plat-O rifling, linoleum deck cover and pine riffle cleats. Speed 245 @ 34- to 
1%-in. strokes; water, 5.6 gal. per min.; 0.3 hp. One man attends 106 machines. At Ray 
ConsoLIDATED Copper Co. a Plat-O rougher treating — 5-mm. primary feed gave results 
shown in Table 31. Judgment of this result from the viewpoint of mill economics requires 
consideration of the relative value of table and flotation concentrate (the latter obtained 
by treatment of re-ground table tailing), which is out of place here. The tabulation shows a 
consistent decrease in recovery and relative decrease in tonnage of concentrate with increase 
in feed tonnage. Grade of tailing is dependent rather on tonnage than on grade of feed while 
grade of concentrate is rather dependent on grade of feed and independent of tonnage 
treated. At the Burro Mountain concentrator of Phelps Dodge Co. a Plat-O table treated 
flotation tailing de-slimed in Allen cones at the rate of 39 tons per 24 hr. in a pulp containing 
22 per cent. solids. Feed assayed 0.667 per cent. total Cu, 0.150 oxide; concentrate, 11.28 
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per cent. total Cu, 35 per cent. insoluble; tailing, 0.446 per cent. total Cu, 0.143 per cent. 
oxide. Recovery was 34.5 per cent. based on total Cu and approximately 42 per cent., 
based on sulphide. At the same plant a roughing table treated 147 tons per 24 hr. of 14- 
mesh feed in a pulp containing 45 per cent. solids. Feed assayed 2.136 per cent. total Cu, 
0.261 per cent. oxide; concentrate, 14.658 per cent. Cu, 15.86 per cent. insoluble; tailing, 
1.200 per cent. total Cu, 0.228 per cent. oxide. Recovery of total Cu was 47.8 per cent., 


Table 31. Performance of Plat-O rougher at Ray Consolidated Copper Co. 


Assays, per cent. Cu 


Tons of Recovers Ratio of 
feed per t concentra- 
per cent. ‘i 
24 hr. Necdaa Concen- Tailing tion 
trate 

137 1.39 14.4 0.82 43.5 23.3 
190 1.46 13.9 0.78 34.7 34.5 
210 1.17, 12.7 0.82 32.0 34.0 
214 1.26 12.8 0.89 31.5 32.2 
243 1,25 1267 0.90 30.2 33.7 
287 1.29 13.9 0.93 29.9 36.1 
312 1.29 13.6 0.96 27.5 38.3 


sulphide about 52 per cent. At the Bisbee test mill of Portes Dopcr Co., a Plat-O table 
treating flotation tailing (70 per cent. through 200-mesh) in a pulp containing 22 per cent. 
solids handled 53 tons per 24 hr. Feed assayed 0.26 per cent. total Cu, 0.05 per cent. oxide; 
concentrate, 5.80 per cent, total Cu, 27.2 per cent. Fe and 36.8 per cent. insoluble; tailing, 
0.19 per cent. total Cu, 0.05 per cent. oxide. This represents a recovery of 27.8 per cent. of 
total copper and 34.1 per cent. sulphide. At the Morenci plant of Portes Doper a single- 
deck linoleum-covered table with maple rifles, running at 280 @ 34-in. strokes per min., 
treated 60 tons per 24 hr. of flotation tailing assaying 0.45 per cent. Cu and made tailing 
assaying 0.38 per cent. and 11-per cent. concentrate. The table consumed 0.5 hp. One 
man attended 23 tables. At Outp Dominion Copprer Co. a Plat-O slime table treating 
flotation tailing at the rate of 41 tons per 24 hr. in a pulp containing 20 per cent. water made 
concentrate assaying 3.56 per cent. Cu and 32.2 per cent. insoluble and tailing assaying 0.33 
per cent. Cu from feed containing 0.38 per cent. Cu. The table was run at 283 @ 34-in. 
strokes per min. and used 4.8 gal. wash water per min. Results of eight weekly test periods 
at ANACONDA roughing 8mesh feed are given in Table 32. Increasing speed in this test 
and placing cap rifles on top of the main rifles cut down the grade of tailing while increase 


Table 32. Performance of Plat-O table at Anaconda 


Concentrate, 
Test Feed, per cent. Tailing, Recovery, |Revolutions Length 
period a ats ee per cent. |per minute IES 
Cu Insoluble 
1 2.62 6.03 38.0 1.56 54.6 240 34 
2 2.64 6.65 oid ise) 64.9 240 34 
a 2.38 6.16 33.4 1.09 65.9 280 y% 
4 ek 6.71 26.5 1.02 62.5 280 % 
5 2.38 7.00 23.4 1.00 67.6 280 % 
6 2.49 6.98 26.4 1.10 66.3 280 % 
uf 2.41 Teel Uh 18.4 1183 63.0 280 % 
8 2.23 6.50 24.9 1.00 63.4 280 % 


Notes—Feed rate 80 tons per 24 hr. of 8-mesh feed. Periods 1 and 2: Deck with 3 
plateaus, riffled as shown in Fig. 20, no longitudinal slope, transverse slope 34 in. per foot. 
Period 3. Cap riffles 14-in. high on top of main riffles for 4 ft. back of first rise, “e-in. cap 
rifles on intermediate plateau. No longitudinal slope, 7-in. per foot transverse. Periods 
4 to 8, incl. Upper plateau removed. Riffles extended from second rise %6 in. high to 


concentrate-discharge end, \%-in. cap rifles as above. Feed box 5 ft. 6 in. long. No longi- 
tudinal tilt, transverse 1 %-in. per foot. 
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in side slope reduced the amount of insoluble in concentrate. At Mrami CorrEer Co. two 
13-ft. bowl classifiers received flotation tailing, overflowed slime and sent sand to 8 Plat-O 
sand tables. Results are shown in Table 33. 

Zinc. Performance of a sand table in finishing service at the Connecticur Zinc 
Corporation plant at Oronogo, Mo. is presented in Table 34. This table had the single 


Table 34. Performance of Plat-O table at Connecticut Zine Corporation, Oronego, Mo. 


Heed Concentrate, Tailing, Middling, 
per cent. per cent, per cent. 
Test 
num- | 
ber Tons Per Per 
per cent. cent. ~ Zn Pb Zn Pb Zn Pb 
24 hr. Zn Pb 
1 18.2 3.85 0.12 55.10 1.30 1.48 0.051 3.08 | 0.09 
2 31 3.35 0.064 58.40 0.82 0.84 0.020 4.74 Atos 
3 18.2 3.42 0.065 58.30 0.67 0.83 Hire 4.50 | 0.044 
4 22.5 4.12 0.052 57.50 3.30. 1.65 0.027 2.60 0.036 
5 22 3.45 0.065 57.40 0.32 13235 0.010 2.94 | 0.020 


Notes—Test 1, Feed varied from very coarse to fine slime. Test 2, Feed very coarse. Test 
3, Feed coarse and fine, typical —60-mesh material in feed assayed 5.42 per cent. Zn; in 
tailing, 2.07 per cent. and in concentrate, 58 per cent. Lead concentrate in this test assayed 
64.50 per cent. Pb, 5.60 per cent. Fe and 9.40 per cent. Zn. Test 5, —60-mesh material in 
feed assayed 5.23 per cent. Zn, in tailing 2.77 per cent. and in concentrate 55.50. Wash 
water 3.25 gallons per minute. Tonnage of middling return, 12.5 per 24 hr.; length of 
middling discharge 42 in. 


plateau with thin riffle cleats extended to the concentrate-discharge end. Commenting on 
the test work the company metallurgist stated that the table was very stable in operation, 
handling fine material as well as coarse at a given setting and requiring but little attention; 
that the enclosed head motion was a great advantage and that oil consumption was much 
lower than with an exposed head motion. Robie makes similar comment (116 J 403) on 
the Plat-O rougher at the NoRTHERN ORE Co., and Mette (109 J 1314) in writing of the New 
CornE LIA test mill. He ascribes stability to height of rise to plateau, noting greater sta- 
bility with %-in. rise than with 14-in. Stability is an important item in the choice of tables 
in that it lessens the necessary attendance and thereby lowers the labor charge against table 
operation, 

Coal. The manufacturer states the capacity of the coal-washing table to be 5 to 8 tons 
per hr. on feed through \4-in. screen, 7 to 10 tons with %-in. screen; 10 to 12 tons with 
y-in., 12 to 14 tons with %-in. and 14 to 16 tons with 34-in. and claims removal of 90 per 
cent. of the free refuse. 


12. Rotary shaking table 


Many forms have been proposed but none has made its way into the mills. The Prnprr 
CONCENTRATOR is one of the soundest attempts. It is substantially a side-inclined end- 
shake diagonally-riffed table curled around a ver- 
tical axis. A plan of the deck is shown in Fig. 21. 
The deck is supported on extended ball-and-socket 
bearings spaced around the periphery and is shaken 
‘with a differential reciprocating motion around the 
central axis by means of a typical toggle head-mo- 
tion with drawbar attached to the deck periphery. 
Lost motion is controlled by a spring. The deck is 
adjustably concave, 10 to 12 ft. diameter. Speed and 
stroke length are the same as for rectangular 
tables. Feed pulp is introduced at (a) and is dis- 
tributed by feed box (b) along the upper side of 
the full-rifled section, viz.: about 10 ft. In the 
rifles stratification takes place in the usual fashion, 
due to the shaking action. Gangue is carried down 
slope to the tailing discharge at the center by 
cross-wash water fed around the periphery. Cen- 


Fic. 21.—Pinder circular-deck 
shaking table. trifugal force is claimed to be effective to throw the 
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heavier particles of concentrate further toward the upper side than they normally appear 
ona diagonally-riffled table. Concentrate is cut out through an opening in the deck at 
(c). Middling travels to the end of the longer riffles where it is washed down to pen (d) 
by spray water from pipe (e). 


13. Campbell bumping table 


This table (Fig. 22) is used in bituminous-coal washeries to separate coal 
and the heavier impurities. It consists of a suspended movable trough or 
deck about 2% to 3 ft. wide by 9 to 11 
ft. long, sloped from a minimum of 7° 
at the lower end to a maximum of about 
12° at the upper end. The bottom of 
the trough is transversely rifled. The 
deck is shaken about 75 times per min. 
by an eccentric, the length of stroke 
being about 5 in. for coarse coal (—334 
+ 134-in.), 24 in. for medium (—134 
+ 3%-in.) and 114 in. for fine coal (—3%- 
in.). A bumping block (6) causes the 
backward stroke to end suddenly, thus 
impelling material on the deck to travel 
toward the back (upper end). Feed is 
introduced at (c) and wash water at (d). 
Slate works up slope against the flow of water and discharges at (e) while 
coal is washed over the lower end into trough (f). 


Fic. 22.—Campbell bumping table. 


At one Illinois washery (11 Bul. UI No. 9) seven tables treated 40 tons per hr., roughly 
sized as above. Capacity of 3 X 11-ft. tables at CamBria Stnen Co. (23 CA 289) is 5.75 
net tons of raw coal per hr. with a water consumption of about 2200 gal. per hr. One 
15-hp. motor drives 12 tables and 12 screw feeders. Performance at this plant is shown in 
five sets of typical analyses in Table 35, 


Table 35. Performance of Campbell bumping table at Cambria Steel Co. 


Raw coal, Washed coal, Refuse, per dent! Reduction, 
Ban per cent. per cent. Recovery per cent. 
ae of com- 
bee : bustible, 
Volss "Ans 18 |)" O85) Asb.|| S doves | Ash | SiniePft COMP |] s | Ash 
tile tile | tile 
1 
1 16.4 |10.2/}2.98] 16.6 | 7.3 |1.40] 16.0 | 61.0] 24.8 Cert 53 28 
2 16.5 |10.3| 3.02] 16.6 | 6.8 |1.37]| 16.0 | 59.8} 24.4 97.1 15955 34 
3 LGOnGe 20 23) '2 GOP 16.7 | 729 1. 2975: | 62.8219 97.4 50 30 
4 16:6%|.12).00)'2).12),| 16.6.) 8243) 1.21) 15.8.) 64.35) 18). 7 97.4 43 30 
5 loimitoen peatidedves | SS | L.22)) 1624 |61.3) 15.1 96.9 47 30 


14. Operation of shaking tables 


Applicability. A separation can be made on shaking tables between 
any two minerals or substances that differ in specific gravity to an appreciable 
extent, but unless the difference is greater than 1.0, separation by reason 
of specific gravity alone will be relatively crude and imperfect. Complete- 
ness and ease of separation increase with difference in specific gravity; a dif- 
ference of 3 or 4 is sufficient for rapid treatment and substantially complete 
recovery. When there is a decided difference in shape of particles as, for 
instance, exists in the case of coal and slate, the heavier particles in this 
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case being tabular while the light are rounded, separation is aided thereby 
and can be successfully performed even though the difference in specific 
gravities does not greatly exceed 1.0. Particles of the same specific gravity 
but of different sizes, all very fine, can be separated to a certain extent, thus 
removing accidental grit from finely-ground abrasives or washing small 
quantities of slime from granular products. 

Size of feed. It is essential that particles settle to the table deck in order 
to be collected as concentrate, hence the lower size limit is determined by 
the velocity of the cross water and by the movement of the table. The 
necessary water velocity depends on the size of the particles that are to be 
washed down the slope. No-established mathematical relation exists between 
the smallest size of concentrate particle and largest size of tailing particle 
that can be treated together. It depends, of course, on the relative specific 
gravities and shapes of particles, the nature of the table surface, character of 
feed and other more or less indefinite factors. 


Wiggin determined that chalecoyprite smaller than 0.025-mm. could not be economically 
treated on the shaking tables at ANACONDA. Bland found that in treating tungsten slime, 
40 per cent. of the concentrate would pass a 0.0125-mm. screen when feeding pulp contain- 
ing 29 per cent. solids at 2.4 tons per 24 hr. while all of this material was lost when a pulp 
containing 8 per cent. solids was treated at 4.8 tons per 24 hr. (Table 18.) Beringer 
(24 IMM 411) investigated the effect of shake on the settling rate of cassiterite by fastening 
to a Buss table 2-o0z. phials containing cassiterite grains of various sizes suspended in water 
and noting the time required for the grains to settle. With the table making 270 @ 34-in. 
strokes per min. 0.045-mm. particles settled in 60 sec., 0.035-mm. in 90 sec., 0.030-mm. 
in 120 sec., and 0.025-mm. in 150 sec. Corresponding sizes with the tables at rest were 
0.025-, 0.020-, 0.015- and 0.010-mm. The average minimum size of grain in Buss-table 
concentrate was 0.05-mm. Johnson and Heinz (407 J 558) report sizing tests on blende 
tailing in the JopLin pisTrict, showing 2.7 per cent. zinc in the sand between 0.833- 
and 0.295-mm., 2.2 per cent. in that between 0.295- and 0.147-mm. and 9.4 per cent. in the 
material passing a 0.147-mm. screen. Similar results reported by Wright (TP 41 USBM) 
are given in Table 36, As a general rule governing this subject, it may be stated 


Table 36. Sizing-assay test on Joplin table tailing. 


Sarton sya ae Weight, Assay, Total zine, 
per cent. per cent. Zn per cent. 
On %-in. 15.22 ORT 12.25 
3-mm. 47.56 0.96 47.61 
1.5-mm. 23.96 0.76 18.95 
0.46-mm. 10.41 0.71 7.68 
Through 0.46-mm. 2.84 4.55 13.51 
EL Obalstey cs 2 oeeeele sexe 99.99 0.96 100.00 


that the granular or sandy portion of material passing a 200-mesh (0.074-mm.) screen is 
readily settled to a shaking-table deck and moved along by the table motion and that good 
recoveries can be made on such material if the accompanying gangue is not so coarse as to 
require excessive wash water or excessive tilt to remove it. Watt (57 A 371) states that 
reciprocating (shaking) slime tables do excellent work saving galena coarser than 300-mesh 
and make good recovery of finer galena. In a test on a feed in which 94 per cent. of the lead 
passed a 200-mesh screen the concentrate assayed 76 per cent. lead and represented a recov- 
ery of 65 per cent.; 89 per cent. of the lead in the concentrate would pass 200-mesh; 98.5 
per cent. of the lead in the tailing would pass 300-mesh. Caetani (3 MM 50) concluded 
from testing work at Bunker Hiti anp Suutivan that on such material reciprocating 
tables will do better work than vanners. 

The upper size limit is just as indefinite as the lower. On tables that pass concentrate 
across a smooth cleaning plane it is practically impossible to make clean concentrate and 
finished tailing when the particles are larger than 2-mm., and difficult when they are larger 
than I-mm. Full-riffled roughing tables will treat unsized material passing a 3%¢-in. aper- 
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Table 37. Performance of Wilfley table on “ natural,’’ sized and classified feeds 


Feed rate, Concentrate, per cent. 
Run Method of Size of tons Middling, 
Moe preparation feed, mm. | per 24 hr. i per Mee 
- ssay, weig 
(a) Weight PbS 
ee | Natirabe See cn ot 2. | =O 22 4.1 90.1 21.5 
2 Natirall Mra S) ite DAG. 22 3.0 91.5 20.7 
3 Naturaloct ciotersis0 0. 5-0 11 4.7 97.6 26.0 
deel Natural ace yr, 0.25-0 11 5.3 97.7 21.0 
5 Natural... 2 -0 11 2.8 95.3 45.5 
Giesized sce fee te TE 2 -1.4 22 6.5 99.2 te 
We WBized SPsHue..£.).. 223 1.4 -1.0 16.6 9.7 99.2 1.9 
SRT Sizedaasaata sh. 3 et 1.0 -0.75 1l issu 99.0 Ey 6 
9 Sized Ses Ses ays 0.75-0.50 11 132 97.5 1.6 
10 SIC. Rae. sa eee 0,50-0.36 11 12.2 99.3 5.3 
11 ‘S107 Se een eee 0.36-0.28 itl 15.1 97.9 3.2 
12 Classified: Spig. 1; 105 
DAT GCI USCC. ciae _: 2.0 -0 11 49.7 99.3 5.5 
13 Spig. 2; 85 mm. per 
sec. 2.0 -0 11 4.0 98.6 1.3 
14 Spig. 3, A: Pies 4 mm. 
per sec. 5 2.0 -0 16.6 3.4 98.8 0.7 
15 Spig. 5, 6; 36. 3 mm. 
POE SOC.o aes cesdieyess = 2.0 -0 11 4.9 98.4 0.8 
16 SDICSS (snk sdetok 
mm. per sec..:..... 1.4 -0 11 5.7 98.8 1.0 
17 Spig. 10, 11, 12; 16 
PIM. DEL SOC. .° 5 «21: 1.6 -0 11 5.0 99.6 4.3 
| | 
AGddiae Tailing, per cent. Slime, per cent. 
i Method of assay, 
é preparation per cent. 
ber PbS Weight case Weight re 
1 Natural 23.6 72.9 AOleb Leo 18.9 
2 INapurale: secre 55. a: 26.6 72.9 0.6 3.4 aye 
3 ITAL ULAL crescents s 15.9 62.8 0.9 6.5 tee 
4 IN AGE AL oye electors. 12.8 60.5 1.6 13-1 10.0 
5 Natural 1 AY 6 50.7 0.3 1.0 14.6 
6 STUdes | eee Beare ne 59.7 91.8 OROED dict BFR. a cecnrioe 
7 Seder heer ae 23-1 88.4 0300S, aor ares 
Sh Seas os ieee i eres 1:73.0 86.2 O809- *|.).y eo eae Ae 
9 IZA x pots os wae 22.6 85.2 OPSS oles arte cere ees 
TOUR Sized <...Mas = = sia «cays 20.0 82.5 Os24 Wyle: cite eeten.| te ae ee es 
11 SOS Bt ts ae See 15.4 81.7 COR 2 cd |e ete (done: Ca 
12 Classified: Spig. 1; 105 
mm. per sec... . H. 2 13.8 44.8 05:29 eae Pete opare, Se! oee | se ste einer : 
13 Spig. 2; 85 mm. per 
BEC. Sb ee estes hes 34.0 94.7 OSS Opel bascays, Sees aes eter 
14 Spig. 3, 4; 55.4 mm 
DEE BCC Bae ate e 34.4 95.9 OFZ OR alle cis steers reine eretereee 
15 Spig. 5, 6;; 36.3 mm. se 
per sec.. ows 28.9 94.2 OP De eecud oe abe ill seuss eeecedn 
16 | Spig. 7, 8, “9; 19.1 
mm. per sec.......- 16.2 93.2 OZ46 Ores wisiea cs | en ora state 
17 Spig. 10, 11, 12; 10 
AMIE PCLBOC- 52 s.<ktin ss 16.3 90.7 Oe OG lh roti arccctl le mene ecteiere 


a Proportioned to full-size table on basis of comparative area of small table and tonnage 
treated thereon. 
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ture and deliver a small band of clean coarse concentrate along the upper rifles and a con- 
siderably impoverished tailing between the forward edge of the slime streak and the corner 
of the table deck. The Empire table is reported to have made clean concentrate on 4-in. 
base-metal ore, and coal this size can be treated on any of the shaking tables, if properly 
riffled, but both of these operations are of roughing character. In the great majority of 
plants treating base-metal ores, roughing-table feed has passed a 2- or 2.5-mm. screen. 


Preparation of feed for shaking tables. There has been much discussion 
on this point and the general opinion at present probably is that classified 
feed is best, “‘natural” feed is poorest and sized feed occupies an intermediate 
position. This conclusion is based upon Richards’ interpretation of the data 
presented in Table 37 (38 A 556), which shows the results of a series of runs 
with a laboratory Wilfley table on an artificial mixture of quartz and galena, 
prepared variously, as indicated, for table treatment. (A similar series with 
cupriferous pyrite and quartz gave similar results.) Professor Richards’ 
conclusion was as follows: 


‘While the sized-product feed appears to have done better work than the classifier- 
product feed, if we give full weight to the great performance of Run No. 12, we can 
agree that this has fully off-set the slight falling-off of runs Nos. 13 to 17, and that the 
celassifier-feed work is fully up to the sized-feed work on the Wilfley table, and with 
a perfect classifier the work will be better done than with screens.” 


But if Run No. 12 is properly weighted with the other classified-feed runs and compared 
with the sized-feed runs similarly weighted, it appears that the average assay of tailing 
from classified feed is 0.48 per cent. PbS and that from sized feed 0.19 per cent.; that the 
respective percentages of middling are 13.6 and 15.4, and that the grades of concentrate 
are substantially the same. It would appear, therefore, on the face of these tests, that 
preparation of a given lot of finely crushed material by sizing would result in more efficient 
table treatment of the products than preparation by hydraulic classification. This con- 
clusion has been reached by other experimenters from data similar to Richards; one of 
these (Bland, /07 J 1112) even going so far as to advocate dry grinding in order to effect 
the careful sizing necessary. Hancock (24 MM 87) citing Cox, Porter and Gibbon (14 CMI 
490) says that treatment of a ‘‘natural’’ feed yielded 64.4 per cent. recovery, the mean 
recovery on the same ore sized into six lots and separately treated was 63.9 and on classified 
feed was 66.7 per cent. Ellis (7 MMt 156) compared the treatment of de-slimed natural 
feed, classified feed and sized feed, prepared from Coeur d’Alene ore. The results are 
shown in Table 38. They would justify very little expense for any preparation other than 
de-sliming. 


Table 38. Comparison of classified, sized and natural feeds for shaking tables. 
(After Ellis) 


Feed Classified Screen-sized Natural 
Tons per 24 hr.... 4.15 4.46 A 2? 
Product Pb, Ag, Pb, Ag, Pb, Ag, 
per cent. ounces per cent. ounces per cent. ounces 
BICC Cex eens ake ol 21.4 7.0 21.6 Vie 21.2 took 
Concentrate..... 81.8 24.5 74.7 24.0 a2 23.5 
Maddling-ai. «mr. 16.0 6.9 13.9 5.0 13.5 4.9 
gle Sid itn Oe det, 1.4 0.7 1.6 0.9 1.9 0.9 
Recovery........ 95.1 92.7 94.6 90.9 93.4 90.8 


As a practical matter in the mills, classification is superior to sizing as a means of prepara- 
tion because close fine sizing, as was practiced in Richards’ tests, cannot be done in the mills 
as cheaply as classification; cannot, in fact, be done economically at all. Hence most 
practice has followed Richards’ conclusion. 

In Richards’ tests while slimes are charged against the runs on natural feed they do 
not appear, although, of course, present, as charges against the other runs. Supplenientary 
treatment of these products is contemplated in all cases. ’ 
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Since Richards’ work was done, the growth of roughing-table practice has brought 
treatment of natural feeds on shaking tables into prominence again. Elaborate test work 
at Miami and Inspiration in 1912 and 1913 showed that careful treatment of natural 
feed on roughing tables with subsequent enrichment of the rough concentrate after classi- 
fication yielded better metallurgical results and would probably yield better economic 
results, than most careful and elaborate preparation of the whole feed by classification 
prior to tabling. With ores adapted to concentration by flotation, there can be no doubt 
that classification of the original table feed is wholly unnecessary from a metallurgical 
standpoint and is uneconomic. Limiting the upper size of roughing-table feed by means 
of a screen or a mechanical classifier is all that is necessary. 

Capacity of full-riffled tables such as the Garfield, Butchart, Deister 
No. 2, and Plat-O in Rouauine service is 100 to 200 tons per 24 hr. on feed 
through 2- or 2.5-mm. screens. It may be pushed to 300 tons with a feed 
as coarse as 4-mm. maximum, but at considerable sacrifice of recovery. 
CLEANING rough concentrate from full-riffled tables, practically any of the 
usual sand tables (Butchart, Card, Deister, Deister-Overstrom, Plat-O) 
will treat from 40 to 75 tons per 24 hr. When feed is coarse, riffles extended 
to the concentrate-discharge end will aid in keeping up capacity. Treating 
CLASSIFIED OF DE-SLIMED FEED and making both clean concentrate and tail- 
ing, capacities range from about 10 tons per 24 hr. on 0.5-mm. material to 
40 to 45 tons on 1.5- to 2-mm. feed. In general, the capacrry ON LEAD ORES 
will be higher than on copper or zine. These same tonnages will apply to 
recovery of auriferous pyrite from quartz sands, but this is essentially rough- 
ing service, as re-treatment of tailing by cyanidation is always contemplated 
and frequently the concentrate is also cyanided. Strum TABLES in finishing 
service treat from 3 to 6 tons each per 24 hr.; roughing auriferous pyrite from 
quartz the capacity rises to from 10 to 15 tons, and treating flotation tailing 
(also essentially roughing service) from 30 to 60 tons per 24 hr. per deck is 
handled in some mills. Results of tests on Joplin zinc orEs (57 A 456) 
are shown in Table 39. 


Table 39. Effect of size of feed on capacity, recovery and grade of concentrate, 


Joplin ore 
Size of feed Assays, per cent. Zn Operating data 
Table | Recoy- 
num- I Per cent./Per cent. ery, Speed, Length 
ber a on through Ted Concen- Tailing [Pr cent. revolu- Ay ae 
’ ?tfollowing| 0.074- trate tions per TSS 
mm. : ‘ 
y screen mm. minute 
1 2.36 Q.40 2.48 4.83 58.2 0.88 83.1 239 1 
2 0.59 36.55 Zi OC Ail 4-16 Onin Ole. B 0.66 86.9 242 1- 
3 0.59 L573 3.96 | 5.0 58.78 0.78 85.8 242 1\% 
4 0.59 4.21 5.98 | 4.78 | 53.92 0.57 89.0 243 % 
%) 0.59 TW) 8530 55.0 58.0 1.03 80.8 245 1 
6 0.29 5.04 LO2 als 0.22 Jebot 105, 1.50 Coo 245 34 
7 0.59 0.16 18.18 75.01 55.44 1.16 78.5 270, %o 
8 0.59 0.45 14.75 | 5.07 | 45.16 1.37 75.0 270 Mo 
9 0.59 1.04 8.71 | 5.17 | 49.6 1.66 70.2 274 5% 
10 0.29 0.70 26.29 | 5.55 | 50.82 1.90 68.3 276 34 


Note—In all cases but No. 9 the tailing was noticeably coarser than the feed. In 1, 5, 
8, 9, 10, more than 30 per cent. of the total zinc loss was in — 200-mesh material, Feeds 
were successive spigot products and final overflow of a series of 9 hydraulic spitzkasten. 
Tonnage per table ranged from about 20 per 24 hr. on table 1 to 2 tons per 24 hr. on Table 10. 


Speed and stroke are properly related, a low speed and long stroke being 
suitable for coarse feeds and the reverse for fine, but in the examples cited 
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in the preceding pages, which comprise a fairly representative cross-section 
from practice, this relation is decidedly obscure. On the other hand Wright 
(TP 41 USBM) gives results shown in Table 40 to illustrate the effect 
of wrong vs. right stroke-length and speed. The average in roughing service 
:s: Garfield, 256 @ 1-in. strokes per min.; Butchart, 261 @ 7%-in.; in sand- 


Table 40. Tests on effect of speed and stroke-length on zinc ores 
Test Revolutions Stroke, Feed, Tailing, 
number per minute inches per cent. Zn| per cent. Zn 
1 220 34 9.25 0.9 

175 1% 9.25 3.05 
2 244 % Y PR) 1.25 
224 % Td 3.20 


finishing service: Butchart, 274 @ 7%-in.; Wilfley, sands coarser than 1-mm, 
maximum, 255 @ %-in.; sands finer than I-mm. maximum, 249 @ 34-in.: 
in slime service (Deister slimer only included), 273 @ %4-in. Wright gives 
practice in Joplin district as follows: Coarse feed (1.5- to 2-mm. maximum), 
220 to 240 @ 34-in. to %-in. strokes; medium sands, 240 to 260 @ %- to 
34-in.; fines, 250 to 280 @ 14- to 54-in.; ungraded feed through 1.5- or 2-mm. 
screen, 230 to 250 @ 34- to %-in., depending on rate of feed. He states 
that if stroke length or speed is too low, galena packs in the riffles at the 
head-motion end of the tables and gradually works down into the tailing. 
Study of details in the various examples of operation will, however, show that 
variations from the averages are in all cases so great as to throw individuals 
of any one class into another class. The stroke for slime tables must be much 
sharper than for sand on account of the greater relative tendency for fine 
particles, once in contact with the deck surface, to stick. Stroke should, 
therefore, be correspondingly short in order to prevent agitation of the mass 
of pulp on the table, thereby preventing settlement. 

Water consumption in roughing service ranges from about 50 to 350 gal. 
per ton treated; in finishing service on sands it is usually between 300 and 
400 gal. per ton, on slimes from 600 to 3000. Water and transverse slope are 
interdependent and both are dependent on the size of feed. The requirements 
are that solids shall settle in the riffles, that the pulp shall be sufficiently fluid 
to allow stratification, that there shall be sufficient velocity of cross flow to 
carry off the upper strata as the riffle support is withdrawn and that there 
shall be sufficient agitation in the riffles to keep fine gangue from settling as 
readily or as far as the fine mineral. Granular pulps containing 25 per cent. 
solids and slime pulps containing as high as 30 per cent. are sufficiently fluid 
to allow stratification and are sufficiently lively in the riffles, hence feed 
pulps may be of these consistencies. Wash water must be supplied in suffi- 
cient quantity to form a freely moving film on the deck deep enough to cover 
the largest particles. Beyond this point transport of material may be gained 
either by increasing volume at the same slope or increasing velocity by increas- 
ing slope. To increase transporting power by increasing slope is economical 
of water, but it narrows the bands of the various products at the concentrate 
end and makes accurate splitting difficult. This is allowable in roughing 
practice, which employs steep slope and minimum water, but when clean 
products are desired, as in finishing practice, more water is used. Water 
consumption in slime treatment is exceptionally high on account of the fact 
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that the tonnage of slime per table is low, a certain minimum amount of water 
is necessary to keep a uniformly moving film flowing and finally fine particles 
adhere tenaciously to smooth deck surfaces and require prolonged washing 
to remove them. 

Power consumed averages close to 0.6 hp. per single-deck table and that 
installed between 0.75 and 1 hp., except that the Garfield table under heavy 
loads consumes close to 1 hp. Double-deck tables require from 50 to 75 per 
cent. more power than single-deck. 

Attendance averages about 30 tables per man in finishing service and 50 
in roughing service but as many as 135 tables per man in finishing service are 
reported from one mill (CaLumet & Hecua) and 106 at another. The num- 
ber of tables that one man can run depends, of course, on the difficulty of the 
job. The most difficult service is making finished tailing and concentrate on 
sand tables with fluctuating feed. The operator in such service must con- 
tinually change transverse tilt, wash water and (if possible) the position of the 
product splitters. In roughing service with full-riffled tables the tilt may 
be fixed, if the feed supply is steady, wash water is rarely changed, and control 
is effected almost entirely by shifting the product splitters. In this case one 
man can attend almost any number of tables, the practical limit being the 
number that he can keep properly lubricated and running. 

Lost time practically never exceeds 1 per cent. of possible running time. 
The principal cause is renewal of riffing and deck covering. In heavy rough- 
ing service soft-wood riffle cleats may last only one or two weeks and linoleum 
the same number of months but lost time is cut down by use of hardwood or 
metal-protected riffles and rubber or concrete decks or metal plates inserted 
near the feed box, at the point of greatest wear. In ordinary service soft- 
wood riffle cleats will last from six months to a year or upward and a linoleum 
deck for two to four years. If head motions are of proper size and pro- 
tected from grit they will last almost indefinitely with occasional re-babbiting 
of bearings and replacement of renewable wearing parts. 

Riffing. The principles underlying correct riffing are as follows: Riffles 
must be deep enough at the head end to hold all of the solid particles in the feed 
that can settle out of suspension in the cross flow of feed water, in order 
to give opportunity for stratification of this material. They must decrease 
gradually in depth toward the concentrate-discharge end to permit gradual 
shearing off of the impoverished upper layers by the cross flow of wash water. 
If the surface is unriffled at the concentrate end the termination of the riffles 
should lie along a diagonal line extending from near the corner formed by the 
tailing side and concentrate end to a point on the feed side one-fourth to one- 
half the distance toward the concentrate end. Such diagonal termination 
of the riffles results in catching and moving toward the concentrate end such 
particles of concentrate as are unable to withstand the full flow of wash 
water on the unriffled surface. If the feed to such a table contains coarse 
grains of free mineral that tend to go into the middling, extension of occasional 
thin riffle cleats to the concentrate end, particularly near the feed side of the 
deck will result in removal of these particles without holding back much fine 
gangue. Wright (100 J 642) recommends termination of riffles along a curve 
convex to the concentrate side instead of along the usual straight diagonal, 
in order to hold concentrate higher on the deck and to spread the concentrate 
band wider and thus make the cut between concentrate and middling sharper. 
Garber (111 J 788) recommends carrying broken extensions of the regular 
rifling to a second advanced diagonal for the treatment of complex ores. If 
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the lower end of the diagonal is brought to the concentrate end 2 to 4 in. 
above the lower corner, the concentrate-middling split can be made on the 
end of the table where the waggle of the discharging stream is parallel to the 
cutting edge, with corresponding increase in sharpness of cut as compared 
with corner cutting. If the middling streak is narrow the middling-tailing cut 
can also be made on this end. Such riffling, however, requires that the trans- 
verse tilt be less and more wash water must, therefore, be used. If the concen- 
trate end is cut back diagonally to the feed side, say 6 in. in the width of the 
deck, the same end is served without the necessity of flattening the table when 
running and, in addition, the concentrate end is kept wet by wash water sup- 
plied at the feed side. When high tonnages or coarse feed are treated, shallow 
rifles should be extended from the separating diagonal to the concentrate 
end for the full width of the deck in order to hold up concentrate with the 
steep slope necessary to carry off the tailing. This will result in somewhat 
lower-grade concentrate than otherwise, but increases recovery. The wiwTH 
OF RIFFLES is determined in part by the size of the largest grains of feed and 
in part by the demand as to grade of tailing, other conditions remaining the 
same. Width must be sufficient to prevent Jamming of coarse particles with 
consequent ¢logging of a riffle and this means that it should be more than 
three times the diameter of the largest grain. Agitation due to swirling is a 
maximum in narrow deep riffles, hence these will result in clean concentrate, 
but at the expense of higher-grade tailing. Steep-sided riffles produce more 
agitation than those with slanting sides. Hence riffles for slimes should be 
shallow, relatively widely spaced and have slanting sides. Richards calls 
attention to the fact that riffle cleats fastened onto a plane surface cause the 
plane of the roughing surface and that of the cleaning surface to intersect at 
an angle along the diagonal of riffle termination, thus forming a valley in 
which the grains pile up and hinder separation. He recommends grooving 
the riffles into a plane surface to overcome this effect and this has been done 
in some tables (Card) and its equivalent has been effected in the plateau 
arrangement of the Deister-sand and Plat-O tables. 


Cost of tabling. Hoxviinerr (51 A 124) 5¢ per ton of feed; ALtasxa Gastingau (1917) 
two treatments on Garfield tables plus two on Wilfleys, total $0.051 per ton of feed; at 
GOLDFIELD CONSOLIDATED (89 J 1230), $0.054 per ton. The principal element of cost is 
labor and where, as in a flotation mill, table attendance can be made part of the flotation 
operators’ duties, the cost of tabling is substantially negligible. 
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1. Principles of vanner concentration 


Vanners are concentrating machines adapted to the treatment of fine sands. 
‘They consist essentially of an endless belt with upper surface horizontal trans- 
versely and inclined longitudinally, all carried on a frame that oscillates in the 
plane of the belt. The belt is usually made of rubber and the upper surface 
travels slowly uphill. Feed is introduced about one-quarter of the distance 
from upper to lower pulley, heavy mineral is discharged as concentrate over the 
upper pulley and light mineral is washed over the lower pulley. The simple, 
non-differential shaking motion effects stratification of the solids in the semi- 
fluid pulp, the heavier and smaller particles working down to the bottom of the 
mass. The uphill movement of the supporting surface transports the settled 
solids upstream against the downward flow of the overlying layer of 
impoverished pulp and wash water. 

Apart from the stratification induced by shaking (see Sec. 10, Art. 1) the 
effectiveness of the vanner depends on the adhesive force between finely 
divided solid matter and the smooth wet supporting surface. It is not proved 
quantitatively that this force is greater in the case of sulphide particles than in 
the case of gangue minerals, but qualitative proof all points in this direction. 
If this hypothesis is true, difference in the surface energy at the wetted con- 
tacts between sulphide-rubber (e.g.) and gangue-rubber is far more responsible 
than difference in specific gravities between the two classes of minerals in 
effecting the adhesion that results im concentration. It is worthy of note in 
this connection that more than one of the early patents that led up to modern 
flotation practice specified rubber as a substance showing preferential adher- 
ence to sulphide particles over gangue, (Sec. 12, Art. 3), and also that several oil- 
selection processes depend upon increasing the selective adhesion of sulphides 
to vanner belts by coating either belt or sulphide with oils. (Elmore, Lucken- 


back, Schwarz.) 
TYPES OF VANNERS 


There are four types, characterized by the direction and character of shake 
and direction of slope, viz.: (a) oscillating side-shake, end-slope; (6) oscillat- 
ing end-shake, end-slope; (c) differential end-shake, side-slope; (d) gyrating, 
end-slope. The first are the oldest and most used, the Frue, Johnson and 
Isbell being typical representatives; the Embrey, Craven and Triumph are 
of the second class; the Luhrig, Weir-Meredith and Monell are of the third 


class and the Senn the fourth. 
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Table 1. Performances 
Type of Width | Revolu-! Length 
Kind of ore Name of plant of belt, |tions perjof shake, 
vanner 5 ; 
ft. minute | inches 
Fruie.....- Meader mare Bunker Hill & Sullivan(c)........| 6 200 1% 
Krue(e)in. |) Lead. 2.0. Federal Lead Co., Mill 3......... 6 190-200 34 
Frue(j)....| Copper()...| Phelps-Dodge, Morenci.......... 6 210 1 
Pruecosta-e Goldgas43-3 Quroy-PrehoGnt) = tasers 2 eae rete UZS hx ceeaastereas 
WING... <0 Gold eccacas:s Alaska Treadwell(o)...........+. 6 LOG stl occas 
Riywes.J.5 Goldie as PedleynGa ie, © Ome detec. cycle oo eee 6 185 1 
Isbell Coppetw.ca« Wtah, Copper Cou(a)iessre. cme ee 6 176 vi 
Isbell}... Copper....- Ray Consolidated Copper Co..... 6 180 1 
Isbell Copper....- Chino Consolidated Copper Co.... 6 160 1 
Tsbelle-.--- Copper....- Chino Consolidated Copper Co.... 6 180 1 
Isbelli> 27-7 Gold. . +| Alaska Gastineau® © i205... «-c.cu.- 6 177 1.25 
Isbell. ... - Tungsten. ..| Tungsten Mines Co......:....... 6 190 0.5 
Johnson...| Copper.....- Phelps-Dodge, Moctezuma(ag)... 6 120 RAY 
Senn....-.. Copper..... Phelps-Dodge, Burro Mountain... 6 140 0.75 
ster ee Copper’ =... Phelps-Dodge, Morenci(am)...... Be Ns amen crcrailin sess pcan 
Senn. aces Copper... - Phelps-Dodge, Morenci(am)...... ieee bale tice oe roe Basso 
Senhie . Copper..... Phelps-Dodge, Morenci(am)...... GLC eral Bees e 
Senneret os Copper..... OldiD ominion\ am)»<ss tesesn os 6 2+ cylintoes: eregileeyurcesore 
Senn Copper..... Old Dominton (@292)i0.< 1+ oe alesis ake Pe || Ee |S 2 
Senn: Aanes Golders. avs Mother Lode Mill(am).......... (5) ea beige bec Meni 9 
Embrey Gold. Anaconda Copper Mining Co.(a@s).|........|..0 00. 0c ]ecwe ee ee 
Luhrig .| Complex....} Broken Hill Junction North(au).. 4 240 0.75 
Luhrig....| Complex....} Broken Hill Junction North(au).. 5 220 0.75 
Assays, 
Moisture] q- per cent. 
xveios Kind of ore Name of plant in feed, ae ot 
per cent. 
Feed 
Frue vec: iteadescee Bunker Hill & Sullivan(c)........ 77 a 12 
Frue(e)...|/ Lead......: Federal Lead Co., Mill 3......... 85 d Buy 
Frue(j)....| Copper()...| Phelps-Dodge, Morenci.......... 84 i 0.45k 
a a cree Goldin ne. « ONTENTS ONT Vices a cet i er, wr hh oy n 
Eruéer nse « Gold? 28 Alaska ‘Treadwell(o).......2..0.|.cleeee. q p 
Frue...... Gold....... Hedley GiaM.sCo: Jesse «ccnstds lin tosis Logg ks 
Isbell Copper, *...- Utah Copper: Counce woo roe cee et oe of SROs 
Tebetl. =. <. Copper..... Ray Consolidated Copper Co..... 5 Lf Pele We 6) ae. 
Isbell Copper..... Chino Consolidated Copper Co....| 66-80 y 1.20 
Isbell. .... Copper..... Chino Consolidated Copper Co....| 66-80 ab Tels 
Tsbelliiee Gold. Alaska ‘Gastineatty ss... .e62 ne eee 93 ae $2.08 
Isbell Tungsten. Tungsten’ Mines" ©ovne.n. neta 85-90 RYERSON ze 
Johnson...| Copper..... Phelps-Dodge, Moctezuma(ag)...| 85-88 ah 3.0-3.6 
Senn. oe. Copper... Phelps-Dodge, Burro Mountain... SOumainga se aes 0.65 
Senninscc. Copper..... Phelps-Dodge, Morenci(am)...... 66 al 1.56 
Senn...... Copper...) Phelps-Dodge, Morenci(am)...... 74 an We33 
Senn...... Copper..... Phelps-Dodge, Morenci(am)...... 60 ao 1.61 
Senn...... Copper. . ..:.: Old Dominion(am).............. 62 ag 4.72 
Senn, sasvos Copper..... Old Dominion (an)... eee 62 ar 2.93 
Senn. o. 6 (GiGlav ern, ees Mother Lode Mill(am).......... 70 at $2.52 
Embrey’. !):'| Gold 2. (200% Anaconda/Copper Mining) Cor(a@s)|s-% foxetederds warviewhe dake! - 
Luhrig....| Complex....| Broken Hill Junction North(au)..|........ QL Srl are ee, 
Luhrig....| Complex....| Broken Hill Junction North(au)..|}........ co adage Rc ie 
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of vanners 
Wash 
ei. Slope, Horse- | Water, | Tons of 
inches per| i2Ches power | @allons | feed per 
mute | Der foot per 24 br. 
minute 
36 4o-% 0.5 3 5¢ 
3 Y% 1 4 6 
100 1 0.5 f 159 
60 Ol A cele Seics5) SR, | eacco TUS 12.5 
4.5to6 0.2 0.5 2 5-15 
60-120 ORS Ne ret «fate at is eat SENS chee tet 
60-72 0.7 0.55 ind 13 
64 0.55 0.5 0.7-1.4aa 18 
72 0.7 0.5 0.7-1.4aa 25 
41 0.6 0.5 4ac 5 
54 io 0.75 4 6ai 
130 2.75-3 0.25 5-5 .5 10-12 
Aedes: Sous, « 0.25 0.7 Vomeys tab Sl (S0—30, 
Bed pit Es 0! lly (ar'n, OB EIS | sw RR AD 2.3 111 
coeur curderoach | Cartes etc ai hes SER ee (Se 54 
nee a eee hl cca ec ee ea Qo 33 
SERA cr Sites vi MPa ecu iernvallieds eee vise soriliere ae a spare 21 
Seerate lero mulheeePey eve Tel «ohn «coerce 4 10.2 
USO aa: cis let PASTA suche oP lee eo cae econ 12 
180 ay OURS aM cuales els 17 
Assays per cent. Belt Attend- 
ance, 
machines 
Cone. | Tailing Kind lite We P| 
67 76 Smooth Gyr: mabye ae. «<4 
60 2.40 Smooth 3 yr. h 
7.00 0.38 Smooth | 804 da 13 
1,12- 1.7-1.9 
1.25 oz gm. Smooth 3-5 YEW de diese 
r DO LGD BG. 2k 0: 0 AME olds boo 0. oiled: Moe clare 
Beare ica ile a hiel ele Oe ee Smooth 
& Corr 4 yr. IS: 
Xe A lexecaicas syncagee Corr. 1h ae Oe epee 
oO CL CHICE OR kr Smooth 20D yr: 95 
10.4 0.65 Smooth | 2+ yr. 80 
4.5 0.58 Corr. 1+ yr. 80 
af $1.22 SMOOM Fy. ees ad 
2-10ak |0.15-0.2aj| Smooth /|1.5+ yr.|........ 
12-14 1.2-1.8 Smooth 4—5 yr. 40 
10 0.55 Smooth 2) 2).YL. 30 
10017, OO Se cE ME ire eral aida-o nue ate ose a enepogey te 
9.18 Oh Somme Ron Shey OTA EE ee oA ede 
9.98 Ono Uo Pesos bee | isis She SUS Crow tte 
ap ISG Ne Pires mee roe olen s co niet eee Cw 
HATh OAR on a cituenonsustal] § ¢ sae sees 
$145.00 SOURS! eee tees | TOEN 2 ee ete ne ee 
68Pb Gh amanls: baldo coke clive tisoey> leeel ees 
68Pb LAT RAL 4} 2 AAAS Te ONO Oa ick on Rom 


a See Table la. 6 See Table 2 
for sizing-assay test of tailing in. 
this mill. c See also Table 3 for 
metallurgical results at different 
tonnages. d Allthrough 80-mesh. 
e Similar performance on Isbell 
and Johnson vanners. f 130 gal. 
per ton of feed. g Runs up to 30 
tons per 24 hr. h 6 vanners plus 
20 tables. iSee Table la. j To 
be replaced by Plat-O tables. 
k Flotation tailing. See also 
Table 4 for performance of cor- 
rugated-belt machine at Ana- 
conda Copper Mining Co. m 20 
IMM 34. n Blanket tailing. o 114 
P 412. p Battery pulp after 
amalgamation. g See Table la. 
r Carries 35 per cent. sand. s 24 
vanners and 12 Deister slimers 
per man. ¢ Through 100-mesh, 
de-slimed., Til G lf eR v 
Fourth spigot of primary clas- 
sifier taking —2-mm. feed re- 
classified in 5-spigot Richards- 
Janney classifier; first, second 
and fifth spigots to 8 Isbell van- 
ners, third and fourth to 8 
Johnson. w Corrugations still 
sharp after 2 years’ use. x Made 
low-grade concentrate which was 
re-classified and re-concentrated 
by Wilfley tables and flotation. 
Vanners now abandoned. y See 
Table la. aa2 to 3 gal. per 
minute additional for washing 
concentrate of belt. ab See Table 
la. ac Plus 5.4 gal. per minute 
to wash concentrate off belt. 
ad3 men for 6 vanners, 48 
Wilfleys, 2 tube mills, 4 elevators, 
4 classifiers and 4 cones. ae See 
Table la. af 2.5 oz. Au, 25 oz. 
Ag, 25 percent. Pb. ag Machines 
eliminated in new _  flow-sheet. 
ah See Table la. ai Not up to 
capacity. aj Per cent. WOs3. 
ak Onrougher. 40 to 60 per cent. 
WO 3 on finisher. al See Table 
la. am Data furnished by manu- 
facturer. an See Table la. 
ao See Table la. ap Cu, 9.22 
per cent.; Fe, 26.8 per cent.; In- 
soluble, 27.2 per cent. ag See 
Table la. ar See Table la. as 
See Table 4 for summary of 
tests. at Se> Table la. au 22 
IMM 496. av Wilfley middling 
sized on 30-mesh, undersize de- 
slimed and sent to vanners. 
aw Make also middling and tail- 
ing. ax Thickened slime from 
operation described in note av. 
ay Side slope 0.75 in. per foot. 
Head end raised 6 in. 
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Table la. (Supplement to Table 1). Sizing tests of feed to vanners in Table 1 
Per cent. weight on screen 
Screen 
6 ah 
aperture, a i q y CA ae 
ae Bunker Phelps- Alaska Chino Chino Alaska Phelps- 
F Cons. Cons Dodge, 
Hil) & Dodger apenas Copper Copper a Mocte- 
Sullivan | Morenci well Co. eS. tineau fe. 
Se Nore ea oeeers eel ak enna epee a oe ar enereveitiGte:s for ay sean okey] VW fetetetdtiah afl stot yten atari th eats haidereenaiend 
GD Ml pea atene ites, sae cede) shouscet llustehepe re cuore 0.10 O20 © 2 se Feng, bine 
PP Oesr liters apenas s | amet Renan Bisse. ayant te 0.10 0.400 Oh Ras ees oe ees 
Wats 5 ial RS) A (ROE ae Be 6.25 0.30 6 ae ee MOR bh tries loc 
OOS Oiler terars ate step OS 29s Wado ce si ae 1.60 SSFGeY |. sits, Moreen PE Iie oeeereote 
WORE Vea. oe chase is ga 7.46 25.00 3.30 1, oO! SS reall « 3 oo emeteal db te aster ra aia 
CFOS oh an aem osi 18.55 12.50 4.30 CE een a 2 1.20 
OF208r le rostan ss.» 25.08 12.50 6.80 SSO Ne ict Mitac 2.35 
EAS ld crere © yege's 18.37 8.35 8.70 OS on As, coc ee 4.60 
CO RCH ccs. See amen 13.42 12.50 9.80 4.81 4.7 7.35 
0.074 5 2.61 6.25 2.10 1.00 6.9 5.70 
0.074~ 95 13.72 16.65 63.70 40.02 88.4 78.80 
Per cent. weight on screen 
Screen 
aperture, al an ao aq ar at 
mm. Phelps- Phelps- Phelps- Old Old Mother 
Dodge, Dodge, Dodge, Dominion | Dominion Lode 
Morenci Morenci Morenci 
2.362 OVAL ARON ONE Has a: 5 lk precaaap hs: Ga'ca:|lae “epdgacanae one allio e «eervoraee mate bac ee eens 
1.651 3.05 ORSS .  « lheremonexepy-vi Gwe foe d:-< 0.5 - asrenwyieg | seauaasi. oy Sioned Sled ene mreeatoc sie 
1.168 4.77 aS a oe eee oe ae 0:.29.-——~ diicencbreras fF geeeeis 
0.833 5.78 SNOOK  Noeatremes es « OOF shevanetvecscccor Meee tone Nenet starters 
0.589 7.58 6.95 1.40 8 bc rane oh call eevee 
0.417 8,23 9.80 8.20 Qi eects ha, cnskg ol copie naeeneerers 
0.295 8.18 11.50 20.50 LG 5 OA ee ek oS Paces sos bee ecm open 
0.208 7.03 10.05 24.30 17.60 OP SON a. ie aera 
0.147 7.28 10.05 21.10 20.63 9.39 5.70 
0.104 5.12 6.90 10.10 14.22 31.90 12.93 
0.074 3.50 4.45 4.50 5.70 23.97 14.00 
0.074 39.34 35.50 9.90. -- 10.29 33.94 65.63 


2. Side-shake vanners 


Frue vanner (Fig. 1) has an endless rubber belt (a), usually 6 ft. wide 
but sometimes 4 ft., mounted to pass around four large rollers or pulleys b), 
(c), (d), and (e) known respectively as head roller, tail roller, dipping roller and 
tightening roller, all carried on a shaking framework (f) which is in turn sup- 
ported on a plurality of lath-like hickory or steel springs (g) suitably seated on 
the framework (f) and main frame (h). Intermediate small-diameter rollers (7) 
(best made of brass) prevent the upper run of the belt from sagging. The plane 
of the upper surface of the tail and intermediate rollers below the feed box cuts 
the head roller about 0.5 in. below the top, thus making the slope of the belt 
between the feed box and head roller steeper than below the feed box. The 
intermediate rollers above the feed box conform to the steeper slope. The 
framework (f) is shaken by means of three straps (j) actuated by simple eccen- 
trics synchronously mounted on shaft (k) which is carried on the main frame. 


Art. 2. SIDE-SHAKE VANNERS 


A cone pulley (J) on this 
same shaft drives a shift- 


ing pulley on the flexibly- 


mounted shaft (m), on 
the forward end of which 
is a'worm (n) engaging a 


- worm wheel that is flexi- 


bly connected by means 
of a spiral spring with 
the shaft of the head 
roller, thus effecting up- 
slope travel of the upper 
run of the main belt. 
The rate of travel is 
changed by moving belt 
(p) by means of hand 
wheel (q). The feed box 
(r) with a suitable pulp- 
distributing sole is car- 
ried on standards at- 
tached to the shaking 
framework (f). Wash 
water is applied from 
box (s) and a suitable 
spray for removal of 


concentrate is mounted under the head roller. 


Fic. 2.—Isbell vanner. 
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Fig. 1.—Frue vanner. 


Tailing is discharged over 


the tail roller. The belt 
is caused to travel 
straight on the head and 
tail rollers by swinging 
the tightening roller for- 
ward on the side toward 
which the belt is desired 
to travel, by means of 
hand wheels (t). Ad- 
justing bolts on the tail- 
roller boxes may also be 
used to guide the belt. 
Longitudinal tilt is ad- 
justed by means of bolts 
(w) but the machine must 
be stopped to make this 
adjustment accurately. 
Performances are 
given in Tables 1 to 4. 


Isbell vanner (Fig. 2) is 
a mechanical improvement 
on the Frue vanner. The 
shaking framework (a),which 
is of steel, is supported at 
the ends of two longitudinal 
leaf springs (b) which are 
bolted at their centers to 
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brackets (c) clamped to the transverse supporting shaft (d). This shaft rests, in turn, on 
a main transverse framework (e). An arm (f), likewise clamped to shaft (d) is attached to 
a power screw operated in floor stand (g), thus permitting ready variation in longitudinal 
tilt as one of the operating adjustments. Side shake is effected by means of a single eccen- 
tric, which permits ready adjustment of stroke length. Belt travel is effected in a manner 
similar to that of the Frue except that the flexible connection between worm wheel and head- 
pulley shaft is obtained by means of flexibly-connected cranks on the respective shafts. 
The method of mounting the shaking frame produces rectilinear motion of points on the 
belt surface, as compared to the curved path of the Frue. 
Performances are given in Table 1. 


Table 2. Elutriation-assay analysis of Frue-vanner tailing, 
Bunker Hill and Sullivan Mining Co. (3 MM 454) 


i Assays 
Material 
Pb,percent.| Ag, oz. 
Passing 0.074-mm. and settling in 6-mm.-per-second current..... 1.10 2.96 
Rising in 6-mm. current and settling in 3-mm. current.......... 8.10 4.58 
Rising in 3-mm. current and settling in 0.3-mm. current......... 13.55 7.06 
RisipginOls=I Mr CULTENE ee ee tae nuk © crsnuncushetettaene Miahe: «Ss «)ifos sa) 18.05 8.80 
Peed to vanner. peso er ee eee Tt OMe Nas cis ocr 18.00 9.00 


| 


Table 3. Performances of 6-ft. Frue vanners at Bunker Hill and Sullivan Mining Co. 


(3 MM 54) 
Feed Concentrate Tailing 
Character lolita dame 
Tons | Per oF Per Oz 
per Per +200 / cent. "| cent. g 
24hr.| cent. | 0% pp | AS= (opp | AS 
Pb = 
| ee 
Crushed middling, through 80- 
mesh Callow screen........ 6 12 5 SQ. Ws RR ero « 7.0 3.0 
Average SlaM@ ic... ous af: s toys == 2 18 9 0.1 65 29 9.6 5.7 
Very finest slime............ 1 15 8 0.1 70 26 13.5.) 7 4 
Plmieayyys A. JOM 220) 10 0 65 29 10.4 | 6.8 
Shime(6) (i). salah... eee ee PLO) 10 0 44 20 9.3. Gaz 
Vanner tailing (6) ot oct aere 5 9.6 hay ay/ 0.1 45 22 ie. 2 4.0 
Vanner tailing, North mill(d).| 2.0 9.6 5.7 0.1 40 16 6.6 3.8 


a Making high-grade concentrate. b Making low-grade concentrate. This was the 
more profitable operation in 1909-10. c¢ Experimental. d Regular mill run. 


Table 4. Tests on Frue vanner with corrugated belt at Anaconda C. M. Co. (49 A 426) 


Mes tuInUmi ernest ie ee ck chs coca peer ee ee 1 2 3 4 5 6 

Beloispeedbalts Denman 3 By oncsiss, opt ausienct 5 4 2 6 9 10 

Slope of belt, inches per foot............... 0.5.| 0.58 | 0.75 | 0.42 | 0.69 | 0.69 
“NOMSISONG er Zenner in ates, oe. wee om as 1.89.| 2.27 | 2.04 | 2:40°| 2.54 | 2.74 
Percent. of water im feeds... : eh wee a. Orleeenit Ty Roe 90 he 90 89 

Assays, per cent. Cu; feed................. Siro. an 2.5 Sivek Ze2 2.4 
Assays, per cent. Cu; concentrate.......... 8.9 7 a) 6.7 Vad Deck: 6.5 
Assays, per cent. Cu; tailing............... zn wee De) 2° 4 1-6 be 
IRGCOVERY. DOr COMte ee neta ak ee eee 24.4 | 3072529 29m 33.5: S507) 33-3) 
RAtLOsOr COnCENntRAtION ein. os oeds teed ialeat 8.6 9.4 6.8 65.2 8.7 


Note—Speed in all tests: 196 @ 1-in. shakes per minute. Feed, 96 per cent. through 
0.07-mim. screen. 
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Johnston vanner (Fig. 3) differs from the Frue and Isbell principally in the 
| method of support of the 
| shaking frame, which is 
hung by means of inward- 
_ ly-inclined adjustable sus- 
pension links (a) from 
standards (b). This meth- 
| od of suspension produces 
an undulatory motion of 
_ the belt which, taken with 
| the usually slower speed 
| and longer stroke, pre- 
vents the formation of 
| sand banks along the flanges. 
Performances are given in Table 1. 


aS 


Fie. 3.—Johnston vanner. 


3. End-shake vanners 


Triumph vanner (Fig. 4) is of 
the oscillating end-shake end-slope 
variety. The shaking frame (a) is 
earried on lath springs (6) which, 
in turn, rest on main frame (c). 
Shake is transmitted through rods 
from eccentrics (e) mounted on 
drive shaft (d). The belt (f) is 
driven through a power chain 
composed of the friction disk (g), 
shaft (h), worm and gear (j), and 
shaft (k), carrying at the other 
end a pinion that drives gear (I). 

Fig. 4.—Triumph vanner. Feed sole (m) is mounted on the 
shaking frame and wash-water 
spray (n) on the main frame. The Embrey vanner is similar. 

Performances are given in Table 1. 


4. Differential end-shake, side-slope vanners 


Luhrig vanner, Weir-Meredith and Monell vanners and the Bilharz-Stein 
shaking tables are all of the general type shown in Fig. 5, consisting of a shak- 
ing frame carrying an un- 
flanged endless traveling belt 
ott O in. too it. wide by 
12 ft. from center to center of 
head and tail rollers, all sup- 
ported by means of rods from 
a tilting mechanism carried on 
the main frame. Differential 
end shake is transmitted from 
a suitable head-motion (see 
descriptions of shaking tables, Fic. 5.—Differential, end-shake, side-slope 
Sec. 10) mounted on the main SS. 
frame. Belt travel is effected 
by suitable connection of the head roller with the drive shaft. Pulp is 
fed from a distributing box near the tail roller and along the upper edge of 
the belt and suitable wash-water sprays are provided along the remaining 
length to the head roller. Tailing discharges along the lower edge opposite 
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and somewhat forward of the feed box, middling along the same edge forward 
of the tailing, and concentrate at the lower edge near the head roller. This 
class of vanner makes three products as opposed to the two usually made 
on vanners. 


5. Gyrating vanner 


Senn vanner (Fig. 6) is of the end-slope variety but the shaking frame (a) 
oscillates both endwise and sidewise on ball-bearing supports (b). Sidewise 
shaking motion is trans- 
mitted from drive shaft 
(c) through eccentric (d); 
end shake is_ effected 
through eccentric (e), 
cranks (f) and (g) and rod 
(h). Belt motion is trans- 
mitted from the drive 
shaft through friction 
cones (7) and worm (j) to 
gear (k) on the head roller. 
Gyratory movement is 
depended upon to cause rapid stratification in a thick pulp and allow higher 
capacities than are usual with vanners. (See Table 1.) 


Fic. 6.—Senn vanner. 


6. Operation of vanners 


Removal of concentrate from the belt is normally effected by a spray 
directed at the face of the belt about half-way between the head and dipping 
rollers. Water consumption here is upward of half of the total for the vanner. 


A rotary brush placed in the same position, driven from the vanner mechanism and fol- 
lowed by a padded roller is said (106 J 713) to have improved recovery as well as removed 
concentrate with less consumption of water. Explanation of increased recovery would 
lie in the maintenance of a clean rubber surface in place of a surface made ‘‘slimy’”’ by 
clayey and colloidal materials in the feed pulp. Use 
of a 3-in. wood roller, placed so as to just touch the 
belt and a short distance below the head roller, is 
described (106 J 1040) as causing discharge of the 
bulk of the concentrate at a higher elevation than 
usual, allowing collection of most of the concentrate 
from a battery of vanners at a central point by means 
of launders running just below the rollers. In most 
mills concentrates are hoed out of boxes intermit- 
tently but some use a continuous spigot discharge. 
With such discharge a device similar to the Shackle- Q e: 
ford washer shown in Fig. 7 is necessary, if excessive Fic. 7.—Shackleford vanner-box 
dilution of concentrate is to be avoided. This wash- cleaner, 
er is merely a ratchet-shaped rake (a) attached 
by means of rigid straps (b) underneath the dipping roller. The side shake of the vanner 
effects movement of solids to one side of the concentrate box, where they are discharged 
through spigot (c). Water level is maintained constant in the box by ball valve (d) and 
overflow (e). 


Important factors affecting performance are: Feed, shake, slope, belt travel, 
kind of belt and amount of wash water. 

Size of feed. The maximum rarely exceeds 1.5-mm., the average maxi- 
mum is between 0.6- and 0.8-mm. It is probable that the vanner should neve 
be fed with material coarse enough to be treated on shaking tables, since the 
latter will treat sands with an efficiency equal to that of vanners and at much 
greater capacity. 
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Caetani (3 MM 64), after thorough testing of vanners, shaking tables, round tables and 
frames at Bunker Hivt anp SuuLivan concluded that reciprocating (shaking) tables were 
superior to vanners for fine sand but that the latter were superior in every way on 200-mesh 
slime. Nowadays flotation will treat such material from sulphide ores much more effi- 
ciently than either machine. 


A vanner will save finer mineral than can be saved on shaking tables because 
mass is not an essential in the moving of particles toward the concentrate dis- 
charge on vanners while it is on tables. The essential requirement, if a par- 
ticle is to be caught on a vanner, is that it settle to the belt surface. Once 
there it adheres with relatively greater force the less its size and it is safe to 
say that a vanner will save any mineral particle that comes into contact with 
the belt, provided that very fine particles are not admixed with so much coarse 
sand that the amount of wash-water necessary to keep back the sand is suf- 
ficient to wash away the fine mineral. 


The ability of a vanner to save mineral lost by a table is indicated in Table 5 (106 J 711) 
showing the performance of a Senn vanner treating Wilfley-table tailing. The feed to both 


Table 5. Wilfley table vs. Senn vanner treating Mother Lode gold ore 


Table concentrate Vanner concentrate 
Screen Table feed, 
aperture, weight Assay, ounces Assay, ounces 
mesh per cent. Weight, Weight, 
per cent. per cent. 
Au Ag Au Ag 
40 16.2 8.7 ( Suh 
60 24.1 22.6 1.8 
80 11.3 5.4 0.6 
_ 146.42 0.62 : 
100 10.3 12.1 1.10 46.4 16 0.6 122 .22 
150 5.7 7.9 0.9 
200 9.5 14.4 |} 8.4 |} 
Through 200 22.1 26.1 6.20 1688.5 79.1 1.02 147 .94 
TOGA 5 sso: 99.2 97.2 1.56 284.36 96.1 0.86 143.82 
MOUS Mewes chav sheoi'sr=\|ls:succahees. =ifezeveye.0 OA ci espe Oat er ores iene OGOy gis. ceners. cro okey aed 


machines was of practically the same size, but substantially 80 per cent. of the vanner con- 
centrate passes a 200-mesh screen as compared to about 25 per cent. of the table concentrate. 
The fine table concentrate was very rich, meaning very heavy, and therefore of sufficient 
mass to settle on and be moved along the table deck, while the large amount of slime value 
caught on the vanner would not settle and move with the concentrate on the Wilfley. 


The size of grains affects the vanner adjustments. The usual practice is to 
treat fine feed with flat slope, slow belt travel and little wash water, and coarse 
feed vice versa. 

Richards (7B 361) recommends steep slope, rapid belt travel and little water for fine 
feed and gentle glope, much water and a long, slow shake for coarse. Gahl’s work at 


Derroir Coprer Co. (40 A 517) indicated steep slope, rapid belt travel and more than 
the usual amount of wash water to be best for slime treatment on smooth-belt vanners. 


Results are indicated graphically in Fig. 8. 


Pulp consistency is usually between 80 and 90 per cent. water except 
on the gyrating vanner where it varies from 60 to 80 per cent. 


Caetani recommends (3 MM 48) as high as 95 per cent. water in slime pulps, stating that 
thicker pulps increase capacity at the expense of efficiency. Gahl, on the other hand, found 
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that maximum saving was obtained with between 15 and 20 per cent. solids in the feed, 
recovery increasing slowly to the maximum, then falling off rapidly with increased pulp 
thickness. His results are shown graphically in Fig.9. The tests at the CoMBINATION MILL 
on fine sand pulp (Table 6, tests 2 and 3) show that increase in percentage solids from 15.4 
to 36.8 per cent., with increase in slope (and probably in belt speed) raises recovery, but at 
the expense of a decrease in grade of concentrate. 


The pulp consistency should be such that the bed of pulp on the belt is suf- 
ficiently fluid to allow fine particles to settle readily. If the feed is too thick, 
the bed FELTS, 7.e., compacts into a semi-solid mass, if there is much clayey 
slime present, after which excessive wash water must be used to keep sand out 
of the concentrate, and practically no 


Slope; Inches, per foot fine mineral can get through to the 


0.1 0.2 0.30.4 0.5 0.607 08 09 


20 ane belt surface. The only remedy is to 
Py aa | tt loosen the bed with a broom or 
rt x67 X00 scraper, sacrificing most of the min- 
. 16 ; ttt eral contained, and start afresh with 
& S14 i a thinner feed, slower belt travel or 
s ae | 74 | 48 steeper slope. Felting is most com- 
oo ry mon on side-shake vanners, less so 
§ lo tH with Johnston than with Frue and 
9 i . : . if 
=, Soa 7 HH Isbell; it is less frequent on end 
8 Sos apt 
ae ae it v0 
Rai ss 
0.2 iF 83 
1 2° 
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Slope, in inches, 
between inside of posts 


Figures at co-ordinate points are recov- 


0 5 10 15 20 862 
Percentage of solid 


eries expressed in percentages of the maxi- 
mum recovery attained in the series of tests. 
Belt. speed, 120 in. per min. 220 @ 1-in. 
strokes per min. Feed: 13 per cent. solids; 
90 per cent. — 200-mesh; 1.40 per cent. Cu; 
9.5 tons dry per 24 hr. 


Tig. 8.—Relation of slope, wash water 
and recovery on smooth-belt vanners. 


Saving is expressed in percentage of 
saving made with a pulp containing 12 per 
cent. solids. Slope, 0.54 in. per ft. 209 @ 
l-in. strokes per min, 2.2 gal. wash water 
per min. Feed: 91 per cent. —200-mesh; 
1.48 per cent. Cu; 7,93 tons solid per 24 hr. 


Fic. 9.—Relation between pulp con- 
sistency and recovery on smooth-belt 
vanners. 


shake and least frequent on gyrating. Consequently end-shake vanners can 
be run with thicker feeds than side-shake, while gyrating can be run with 
very thick feed on account of the relatively perfect fluidity of the bed. 

Mineral of high specific gravity can be saved with steep slope, slow travel 
and much water as compared to mineral of low specific gravity; gangue 
of high specific gravity will require steeper slope, slower travel and more 
water than gangue of low specific gravity. If the ratio of concentration is low, 
concentrate will come over in a thick sheet with entangled gangue unless the 
machine is run with steep slope, rapid belt travel and much water. An ore 
with a high ratio of concentration, on the other hand, needs slow, careful 
treatment to save the small amount of mineral and discard the large amount of 
ene hence the machine is run at low slope and slow belt travel with little 
water, 


Capacity varies with size of feed and character of ore, as well as with 
character of service, i.e., roughing or finishing. 
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Table 6. Performance of Frue vanner, Combination mill, Goldfield, 1908. 
(Deister Machine Co.) 
Per cent. Slope, Revolutions} Length Wash 
see tict ee of solids inch per of shake, Weaver 
{Anse yeKes Ber a in feed per foot minute inches gallons Ber 
minute 
1 4.83 24.9 0.42 174 1 1.93 
2 5.04 15.4 0.42 174 1 1.16 
3 5.04 36.8 0.58 180 1S PS Toes Ieee. ea 
4 6.37 21-1 0.42 174 1 1.47 
5 7.89 18.6 0.38 125 2 1.36 
6 8.23 28.6 0.52 180 Fi ets MINS el eo: : 
7 8.49 18.7 0.38 125 2 1.50 
8 8.77 26.1 0.52 180 low xoile activates s 
9 8.83 18.5 0.38 125 2. eR 
10 9.79 20.4 0.38 120 2 1.30 
11 10.52 29.1 0.52 180 Gl SAORI SP eee 
12 14.24 30.5 0.38 125 Ze oleae 
13 17.28 21:2 0.38 125 Lele aanihrieine cee kak a: 
14 20.06 al 0.38 125 QF Flekl | ote ys rk 
Assays, oz. Ag per ton 
Test Ratio of Recovery, 
number concentration per cent. 
Feed Concentrate Tailing 
1 0.90 18.97 0.58 SYS) 36.8 
2 1.06 20.91 0.68 Doe 37.0 
3 0.84 11.45 0.46 28.9 47.1 
4 1.02 15.08 0.68 42.3 34.9 
5 0.90 22.37 0.56 64.2 38.7 
6 0.72 9.90 0.50 42.7. Coke 
7 1.06 20.12 0.66 48.7 39.0 
8 0.88 12.40 0.52 33.0 42.7 
9 1.30 25.05 0.76 45.0 42.7 
10 1.09 29.90 0.70 74.9 36.7 
11 0.66 10.74 0.48 57.0 28.6 
12 0.85 11.40 0.56 37.4 35.8 
13 1.28 26.85 0.90 68.3 30.5 
14 0.85 14.05 0.65 67.0 24.7 
Note—Feed, fine sand underflow from Callow tanks. 

Table 7. Tests on Embrey vanner at Anaconda C. M. Co. (49 A 426) 
(Restmurnber Ayeeh], chet was ORIN? 1 2 3 4 5 6 7 
Revolutions per minute............. 225 225 225 225 225 248 247 
Length\-ofi stroke) ints) lo nin. & 1 1 1 1 1 0.62 | 0.62 
Belt speed, inches per minute........ 80 114 120 121 192 192 216 

Slope of belt, inches per foot......... 0:33 | 0.5" |. 0.79 |:0.96 ils) 125 alate) 
‘Tons solid per 24 hrizk. . 402.262 02). QHSSUAMETO: UIF9G P1295" |" 1-91 126071 2.71 
Moisture in feed, per cent............ 86 92 88 89 90 90 88 
Assays, per cent. Cu: feed...........| 2.4 DEVE ie 215 245 5 a3 2.5 
Assays, per cent. Cu: concentrate....| 9.5 (spaced piled KOC ergmt) 7.5 1G) GORY 
Assays, per cent. Cu: tailing.........] 1.7 2.1 2.5 1.9 2.0 key 1.8 
Recovery, Per Cent... wrt, -p hero tes eels 83.0.) 30.5 |:32.5 | 36.8 | 37.3 | 37.8 | 31.0 
Ratio of concentration............-. TAS) 843, 9.8 7.6 72 9.4 | 10.8 

| 


Note—Feed, 96 per cent. through 0.07-mm. screen. 
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Table 3 gives capacities of a Frue vanner in finishing service on galena ore at BUNKER 


HiLu aND SuLLIVAN MininG Co. 
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8 
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o 68 fa 8. 95110) baal? 
Tons dry per 24 hours 


Saving is expressed in percent- 
age of the saving made on a similar 
vanner with the same adjustments 
at 5.77 tons solid per24hr. Feed: 
14.7 per cent. solid; 90 per cent. 
—200-mesh; 1.31 per cent. Cu. 210 
@ 1-in. strokes per min. Slope, 0.82 
in. per ft. Belt travel, 120-in. per 


Capacity of 1 to 2 tons per hr. on slime is in accord with 


results at ANAcoNDA, shown in Tables 4 and 7. 
Five to six tons per 24 hr. is close to the average on 
fine sands containing slimes. A general rule on such 
material is 1 ton per 24 hr. per ft. of belt width. 
Caetani recommends 0.6 ton per 24 hr. per ft. as 
maximum. In roughing service, making finished 
tailing only, the capacity is 10 to 20 tons. The 
Senn vanner at Puetes DopaE Co., Morenci plant, 
treated as high as 150 tons per 24 hr. of feed through 
3-mm. Chilian-mill screens in roughing service but it 
is probable that shaking tables would be a better 
installation for such work in general. Fig. 10 (Gahl, 
ibid.) shows variation in recovery on a corrugated- 
belt vanner with variation in feed rate. 


Preparation of feed. Controversy has 
raged concerning whether the feed to van- 
ners should be classified or unclassified. Pro- 
ponents of the first method argue that the 
vanner is a film sizer (see Sec. 8, Art. 14) and 


aes that it will, therefore, do its best work when 


the particles of valuable mineral are smaller 
than the gangue particles, but not so much 
smaller that the mineral is washed away in 
the current necessary to move the gangue. 


Richards (TB 363) plots the results of a sizing-sorting test on the tailing of a well-run 
vanner treating —0.75-mm. quartz-pyrite ore, and shows the average ratio of size of quarts 
to that of pyrite to be about 10 to 1. He concludes that the finer pyrite should have been 
removed from the feed by classification. Hancock (24 MM 80) holds that since film sizing 
results in putting together in.the tailing fine heavy mineral and coarse light mineral it is 
wrong to feed material that has this composition to a vanner, hence he advises against classi- 
fication. He cites Gilbert’s experiments (PP 86 USGS; see Sec. 20, Art. iC) show- 
ing the relation between size transported and stream velocity over a smooth surface 
to show that fine mineral is transported in suspension in a current necessary to roll 
coarse gangue. He thinks that with a vanner operated under a given set of conditions 
the size of mineral in concentrate will be close to a definite mean figure, that tailing 
will contain both coarser and finer particles, and that these will be saved by another 
vanner, differently run, treating the tailing of the first. Beringer’s results (24 IMM 411) 
showing that cassiterite in a vanner concentrate made by re-treating vanner tailing fell 
into two definite size groups, viz.: from 0.050- to 0.075-mm. and from 0.010- to 0.015-mm., 
confirm this view. McDermott (24 IMM 447) maintains that suspended fine material 
flows, with the water, over and through the interstices between coarse grains in the bed of 
pulp on the vanner and that retardation of the flow by coarse grains effects settlement. 
Removal of coarse would, in his opinion, cause the fine pulp to progress in waves and at 
higher velocity, with less settling time available and more disturbance of settled particles 
due to the impact of waves. He notes, also, that the capacity of a vanner is increased 
three to four times over that as a slime vanner, when coarse material is present. The weight 
of practice has been to treat unclassified feeds. In CazirorniaA coup mills 40-mesh 
stamp product was sent to vanners after amalgamation on plates; in CoRrNISH TIN 
practice vanner feed comes directly from stamps or is the tailing of tables taking feed direct 
from stamps; in AMERICAN BASE-METAL practice vanner feed has almost always been 
hydraulic classifier overflow, which, while it contains grains of gangue coarser than the 
largest grains of mineral, is not a true classified product (see Sec. 6, Art. 1). 


Richards’ and Beringer’s results seem to point rather to series treatment 
of unclassified pulp on different machines than to classification with accom- 
panying dilution of products. All of the work shows that one machine cannot 
be expected to make clean concentrate and substantially complete recovery 
on unclassified feed, notwithstanding the upper size limit, and that the diffi- 
culty will increase markedly with increase in this size. 

Shake is dependent on both length of stroke and number per min. Side- 
shake vanners are usually run at between 180 to 200 @ 1-in. strokes per min., 


Fic. 10.—Relation between re- 
covery and feed rate on a cor- 
rugated-belt vanner. 


|| 
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| except that the Johnston is run more slowly (120 to 140) with a stroke between 
id and 2 in. End-shake vanners usually make from 200 to 240 @ 1-in. strokes 
| per min. Side-slope vanners run at 160 to 200 @ 14- to 34-in. strokes per min. 
| and gyrating at 140 to 160 @ 14-in. to 34-in. strokes. 

| The amount of shake has an important bearing on the minimum size of 
| grain that will settle on a belt. 


Beringer (24 IMM 411) investigated the effect of shake on rate of settlement of cassit- 

erite grains. He found that on a Frue vanner run at 180 strokes per min. 0.035-mm. par- 

| ticles required 60 sec. to settle in a 2-o0z. phial while 0.025-mm. particles settled the same dis- 

tance in the same time when the phial was at rest. Complete results are given in Table 8. 
Corresponding sizes on a shaking table were 

| 0.005- to 0.010-mm. larger (see Sec. 10, Art. Table 8. Rate of settlement of cassiterite 


14). He concluded that cassiterite between grains on a Frue vanner. (180 strokes per 
0.030- and 0.060-mm. would be saved on a minute) 
vanner without difficulty. Study of a van- 

| ner concentrate made in a CornisH mill Size of particles that 
showed that most of the mineral lay between Ti settle, mm. 
0.015-mm. and 0.050-mm. Coarser mineral one 
had already been taken out by shaking Ay SEE, Phial 
tables. Another vanner, treating unclassi- Phial at in 
fied feed directly from stamps saved min- PBLISPLEESS aitached 
eral ranging from 0.010- to 0.120-mm., but SYREDPS 
there was a very small proportion below ae 
0.010-mm. On the other hand, the smaller oe i pines 
the particle the stronger the adhesion be- 120 0.015 0.0256 
tween it and the belt surface. Therefore 150 0.010 0.025 
the important matter in saving fine material f tie 


is to get it down to the belt and the shake 
.should be the minimum that will maintain a, b The particles marked 0.025a are slightly 
the bed in a fluid condition. With the van- smaller than those marked 0.0256. 

ner adjusted to a given shake, decrease in 

speed with consequent decrease in violence of shake will result in carrying sand into the 


concentrate. 
The ComBINATION MILL tests (Table 6, tests 4, 10, 11 and 12) indicate that a long, slow 


shake as opposed to a short, rapid one results in increased capacity and higher grade of con- 
centrate with the same recovery and that, if grade of concentrate is held constant, capacity 
is increased or recovery can be increased, if the feed rate is held constant. 

Slope is closely dependent upon speed of belt, steep slope corresponding 
to high belt speed and vice versa. With side-shake vanners slope ranges from 
0.15 to 1 in. per ft. and is usually steeper with coarse feed or where clean 
concentrate is desired than with slime feed or in roughing service. Richards’ 
average for all service (Peele 1684) is from 0.28 to 0.31 in. per ft. 

Prof. Richards has consistently recommended steep slope and high speed for slime feed, 
probably on the theory that with the correspondingly thin bed of pulp, mineral particles 
had a short and relatively unimpeded path to the belt, and Gahl’s results shown in Fig. 8, 
confirm this view. Tables 4 and 7, presenting ANACONDA test work also illustrate this prac- 
tice. The ComBINATION MILL tests (Table 6, tests 1, 4 and 8) show that increase in slope 
permits increase in tonnage treated. End-shake vanners have been used frequently to clean 
up concentrate from side-shake and, therefore, show a steeper average slope than side-shake. 
Richard’s figures (Peele, 1684) are 0.6 in. per ft. Side-slope vanners are set at 14 to 34 in. 
per ft. side slope and from.level to 4% in. per ft. rise toward the head-roller end. The Senn 
vanner is recommended to be tried at 5 in. per ft. slope to allow high belt speed and thick 
feed pulp. If, under these conditions, fine mineral goes into the tailing, the slope must be 
flattened. Corrugated belts are usually set on a steeper slope than smooth belts in order 
to cut down the amount of wash water necessary. 

Belt speed determines the rate at which settled concentrate is removed 
and also the amount of wash water that must be used to produce clean con- 
centrate. Belt speed and wash water are the two adjustments most depended 
upon by vanner operators for controlling results. High belt speed tends to 
keep fine mineral out of the tailing but also drags coarse gangue into the 
concentrate unless considerable wash water is used and this increase in water 
currents flowing down the belt may defeat the purpose of high belt speed by 
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keeping fine mineral in suspension. The average speed for side-shake vanners 
is between 36 and 48 in. per min., with higher speed when a rough concen- 
trate is sought and lower when particularly clean concentrate is desired. Cor- 
rugated belts may be run at lower speeds than smooth on account of the fact 
that fine mineral settles in the corrugations and is protected from the wash- 
water; they must be run slowly when coarse sand is present on account of the 
difficulty of washing this down-slope. Speed of belt on end-shake vanners 
averages 60 in. per min. according to Richards (Peele 1684) and in the Ana- 
conda test work (Table 7) ranged from 80 to 216 in. per min. It is worthy 
of note, however, that in this work a speed of 80 in. per min. at 0.33 in. per ft. 
slope produced results substantially equal to those obtained at 216 in. per 
min. with a slope of 1.5-in. per ft. 

Luhrig vanner at Broken Hint was run at 180 ft. per min. belt speed, this high speed 
being necessary'in order to move the concentrate through the required horizontal distance 
before it was washed across the relatively narrow smooth belt into tailing or middling 
launders. ; 

Wash-water consumption per machine is low, ranging from about 1 to 
5 gal. per min., including both dressing water (added on top of belt) and 
water added to remove concentrate from the belt. The maximum water 
consumption per ton corresponds to attempts to make high-grade concentrate 
from finely ground low-grade feed. Side-slope vanners use more water per 
minute than end-slope. The Luxria requires from 5 to 10 gals. Wash- 
water consumption per ton of ore treated is less on vanners than on shaking 
tables in the same service. The SmNN vanner uses much less water per ton 
of feed than side- and end-shake on account of its large capacity. 

Depth of bed is a resultant of all adjustments. Flat slope, high belt 
speed, coarse feed, thick pulp and small amount of wash water all tend to 
produce a thick bed of pulp on the belt and vice versa. Richards recommends 
0.25 in. maximum thickness (Peele 1685). Beds up to 0.75 in. thick are used 
when crowding vanners in roughing service but are too thick for finishing. 
Channeling of bed, either by reason of side banks or center banks will cause 
dirty concentrate or rich tailing or both. 


Side banks. Frue and Isbell vanners are peculiarly liable to formation of hard banks 
of sand along the flanges. These creep up into the concentrate and also increase tailing loss. 
They are formed by any knock or irregularity in the shaking motion such as by a loose or 
worn eccentric or connecting rod or end play in small supporting rollers or in end rollers. A 
bank on one side may be formed because the belt is not level transversely or because the sup- 
ports of the shaking frame are net parallel. Parallel longitudinal ridges will form if the bed 
is too thick. The REMEDIES are to increase water, decrease belt travel or increase slope. 
The Johnston vanner, on account of the more gentle and tilting side motion, is comparatively 
free from side banking and end-shake vanners are, of course, entirely free. 

Belt is usually smooth rubber with two plies of canvas and a flanged edge 
1 in. to 1.25 in. high. Belts with transverse 60° corrugations spaced 8 to 32 
to the inch have had considerable vogue in treating relatively coarse feeds. 
Fig. 11 (40 A 517) shows comparative results with corrugated- and smooth- 
belt, vanners on slime feed. Corrugated belts permit low belt speed but 
require large quantities of wash water to hold back gangue. This difficulty 
increases with the size of the corrugations. Tailing is generally lower than 
on smooth belts but concentrate is correspondingly lower grade. Table 9 
gives comparative resuits on a silver ore. Richards reports running a cor- 
rugated belt on a Johnston vanner at 5 in. per min. without excessive tailing 
loss. Canvas belt, usually painted with some water-proof compound, has 
been used for fine slimes but it is difficult to wash out fine gangue from the 
uneven surface without also removing fine mineral. Belts should be kept 


sufficiently tight to prevent sagging of the upper surface between the support- 


_ collecting boxes. 


_ discharge. 


Art..6. 


ing rollers. 
An egg-shell surface, pitted with sh 


OPERATION OF 


End rollers are adjustable 


allow 


depressions about 0.6 by 0.1 in. has 


been made. 
from 2 to 6 years, if protected 
abuse. 


The life of rubber belts is 


from 


Belts are frequently injured by 


hoes used in digging concentrate out of 


This may be obviated 


by placing a light guard in front of the 
belt or by using some kind of automatic 


Old vanner belts make 


good 


_ covers for shaking tables or liners for 
| chutes and launders. 


| 


Attendance necessary varieswith 


Serv- 


ice and regularity of feed and wash- 


water supply. 


In finishing service one 


_ man can attend to 30 to 40 machines, if 
feed and water supply are regular, but 
when dirty reclaimed water is used and 


the wash-water supply 


consequ 
clogs, or if the feed is irregular, one 


ently 
man 


will have difficulty with 20 machines. 
In roughing service a man can handle 100 
machines without difficulty. The vanner 
isa complicated machine, when judged by 
other concentrators; it requires skilled 


operatives and repairs are frequent. 
Efficiency of vanners is always 


low. 


Recovery rarely exceeds 50 per cent., 
even on rich galena slimes; it ranges between 20 and 35 per cent. in finishing 
service on copper slimes, and rises to 60 to 75 per cent. when making rough 


copper concentrate. 
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lengthwise to permit tightening. 


Slope, inches per foot 
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Dressing water, gallons per minute 


Ged 8 I lO 


Slope, in inches, 
between Inside of posts 


Saving is expressed in percentage of 
the saving made ona standard vanner with 
smooth belt: 229 @ l-in. strokes per min., 
5-in. slope between posts, belt travel 123 
in, per min. Corrugated belt, 190 @ 1-in. 
strokes per min.; feed: 12.64 per cent. 
solids, 91 per cent. —200-mesh; 1.4 per 
cent. Cu.; 8.43 tons dry per 24 hr. () Fig- 
ures in parenthesis are belt travel in 
inches per minute. 


Fie. 11.—Comparison of smooth- and 
corrugated-belt vanners on slime feed. 


5 


Table 9. Comparison of corrugated-belt and smooth-belt vanners on silver ore 
(21 A 280) 
Smooth belt Corrugated belt 
Test Concentrate Concentrate , 
os Tailing, ee 
cr ' assay : 
Silver , Silver |jassay, 
LA A , 
Pounds ae content, 02, “8 | Pounds pe ch content, | oz. Ag 
oz. oz. 

1 705 142.5 63.3 ied 1005 147.5 72.5 nee 

2 982 235.5 120.5 13.3 1401 199.2 145.5 8.8 

3 1540 328 251.8 10.9 2275 291 332.5 hk 
Average 1079 286.8 145.2 8.1 1563 212.6 183.5 6.6 

Percentages 

1 100 100 100 100 143.8 85.8 118.8 63.4 

Leen Amare Pars cade sete cite stewe ral yim se selene’ 147.8 84.3 125.2. 68.0 

Sanh BY BSUS ce elu esi sy eat eee 147.8 | 88.2 | 132 70.7 
Average 100 100 100 100 146.3 86.2 125.3 67.4 
| = 
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End-shake vs. side-shake vanners. Theoretically the concentrate from 
an end-shake vanner should be of lower grade and the tailing of higher grade 
than the corresponding products of a side-shake machine on account of the 
fact that feed and wash water are brought to the belt in streams and these 
have greater transverse distribution on a side-shake than an end-shake ma~ 
chine, hence ridges will form on an end-shake machine up which sand will 
travel between the wash-water streams while fine mineral will be carried 
into the tailing in the streams rushing down the valleys between these ridges. 
Exact comparative data are not available but Tables 4 and 7, giving results 
on the same kind of feed, show that as between a Frue vanner with corrugated 
belt and an end-shake machine, the result is the reverse of that to be expected 
and the end-shake machine produced a higher average grade of concentrate 
and lower grade of tailing than the side-shake. 

Frue vs. Johnston vanners. Table 10 presents a comparison between these types 
of vanners in the old mill of Nevapa Cons. Cop. Co. The Frue corrugated vanner is dis- 
tinctly supericr to the Johnston in grade of concentrate and grade of tailing but the capac- 


ity is markedly less; there is little to choose between the smooth-belt machines, such advan- 
tage as there is lying with the Johnston. All smooth-belt machines were much overloaded. 


Table 10. Comparison of Frue and Johnston vanners at Nevada Consolidated 
Copper Co., 1909-10 


Frue vanners, Sections 1 and 2 


Assays, per cent. 
Row 3 Water consumption, 
number Recov- | Tons gallons per minute 
Concentrate 
ery, per 
Reed) |= un on |e ailing, ||iperileentt). “24¢hr 
Cu Cu 
Above Below 

Cu Insoluble belt belt 

1 1.28 19.2 34 0.43 68 8 3.4 4.0 

2 0.97 18.8 30 0.53 47 12 2.4 Se 

3 0.92 16.1 38 0.70 25 9 1.8 2.6 


Johnston vanners, Sections 3 to 8, incl. 


Assays, per cent. 


Row 
number 
Concentrate gral as U ge 
Heed, Cu Tailing, he =" 
Cu 
Cu Insoluble ° 
af 1.58 17.9 36 0.56 67 11 
2 1.00 16.5 34 0.52 50 12 
3 0.93 16.4 36 0.67 29 11 


Notes—Speed: Frue, 192 @ 1-in. strokes per minute; Johnston, 120 @ 2-in. First row, 
all sections, corrugated belts; other rows smooth. Feed to first row was middling from 
Wilfley tables treating products from first three spigots of hydraulic classifiers treating re- 
ground middlings; second row took middling from Wilfleys treating primary slimes; third 
row took thickened slime from these same Wilfleys and slime from the re-grinding circuit. 
Assays are averaged from shift samples; each figure represents 25,000 cuts on Frues and 


58,000 on Johnstons, 3900 and 3000 copper determinations respectively and 430 and 1000 
determinations of insoluble. 
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1. Introduction 
Definition. Flotation is a method of wet concentration of ores in which 


separation of mineral from gangue is effected by causing the mineral to float 
at or above the surface of a body of liquid pulp while the gangue becomes or 
remains submerged. The method operates, in general, only on particles 
smaller than 0.5- or 0.3-mm. diameter. The minimum recoverable size prob- 
ably includes the finest particles produced in grinding ore. Minerals that 
float readily are those of metallic, resinous or adamantine luster, such as the 
base-metal sulphides; those that readily sink are the vitreous or earthy gangue 
minerals; but separation by flotation is possible between minerals of the first 
class, and some of the minerals of the second class can be floated away from 
others of that class. Thus galena can be separated from blende; fluorite, 
calcite and apatite can be separated from quartz and most other silicates; 
coal can be separated from slate, and mica from other silicates. 

Types of processes. Flotation processes are of three different varieties, 
namely, (a) film flotation, (6) oil-buoyancy flotation, (c) froth flotation. 
In film flotation the separation is made at the upper or air surface of a body 
of water; in oil flotation, at the interface between a mass of oil and a mass 
of water; in froth flotation, by means of a froth floating on the surface of a 
body of pulp. 

Only froth flotation is of commercial importance, but understanding of 
the phenomena of film flotation and oil flotation is necessary to a proper under- 
standing of froth flotation. 
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2. Film flotation (Skin flotation) 


If a sulphide ore is crushed dry and sized through, say, 0.3- or 0.2-mm. and brought 
gently onto the surface of a body of still water, a certain number of the particles will float. 
The floating particles will usually contain a materially higher 
proportion of sulphide mineral than was present in the orig- 
inal ore. Each floating particle or group of particles appears 
to rest in a dimple in the water surface. The actual condition 
is the same as that of the floating needle in the familiar parlor 
trick and is illustrated in Fig. 1c. A clean glass needle of equal 
length and weight will not, ordinarily, float. This difference 
in behavior between the two substances is specific and is due 
to a difference in surface characteristics that can be described 
as RESISTANCE TO WETTING. Metallic surfaces are generally 
more resistant to wetting than non-metallic. Metallic sub- 
stances, therefore, if treated as above, generally float; non- 
metallic become wet and sink. If the crushed ore described 
above is wetted and then drained, as, for instance on a van- 
ning plaque, the sulphide minerals dry more rapidly than the 
gangue, and if a film of water is thereafter flowed gently over 
the drained mass, a part of the solids, sulphides predominating, 
will float on the water surface. 


Theory of film flotation. When a drop of a liquid, 
such as water, is placed upon a solid surface, e¢.g., a 
piece of metal, the drop assumes a position shown 
in cross-section in Fig. la. The angle (c) between 
the solid surface and the tangent to the water surface 
at the apparent meeting point of water and solid, ina 
plane passing through the center of the water drop 
and at right-angles to the solid surface, is called the 
ANGLE OF conTacT. This angle is specific within certain limits for the 
contacts of different liquids and solids. For water against solid surfaces 
of metallic luster it is generally larger than against solid surfaces of vitreous or 
earthy luster; it is generally larger for water than for oil against any given 
solid; and the difference in the angle for water against two different solids, as 
say, quartz and galena, may be affected by small amounts of solutes in 
the water. Other examples of the apparent contact angle formed when 
the three phases, solid, liquid and gas, meet are shown in Figs. /b and Ic. 


Fig. 1.—Contact angles, 
gas-liquid-solid. 


Existence of a contact angle is challenged by some physicists, or, at least, a zero angle is 
claimed to exist in all cases of a three-phase contact such as is pictured in Fig. 1. It is 
claimed that when the condition pictured exists a fourth phase consisting of a film on the 
solid surface intervenes between it and the two fluids. Experiment indicates this to be a 
fact. If the solid is platinum sheet, cleaned carefully in alkali and strong sulphuric acid 
and burned to remoye the last trace of grease, a drop of water will not stand on its surface; 
if inserted into water as in Fig. 1b and then withdrawn, it is uniformly wet; the adhering 
water does not draw together in drops; and the platinum will not float as pictured in Fig. 1c. 
The same is true of clean glass or quartz. It is difficult.to similarly clean metals other than 
platinum, or metallic sulphides, and at the same time insure against surface oxidation, but 
mineral surfaces produced frori the center of lumps of pure mineral, with every precaution 
against surface contamination, behave more like clean platinum than like the solid in Fig. 1. 
Dean and White (124 P 410) found that the air-water contact angle against sulphides cleaned 
with sodium hydroxide and pyrogallol was zero immediately after the cleaning, but that after 
a period varying from a few minutes to several days, according to the specimen, a definite 
contact angle was again found. Calcite and garnet behaved similarly, but recovery (con- 
tamination) was slower and more erratic. From the practical standpoint, however, con- 
tact angles between water and various minerals, ranging from a few degrees to 90° or more, 
do exist, and the differences are sufficiently definite to permit commercial utilization. 


Contact angle is the result of equilibrium of a system of forces, mutually 
exerted by the molecules of the three phases in contact, whose effective 


y 


| OB cos C, from which it follows that OA>OD. If OA 


/ure the interfacial force or surface tension of solids 


/ured. The surface tension of a liquid against a second 
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_resultants lie in the contact surfaces. Fig. 2 is a vector diagram of these 
| forces at any point (QO) on the periphery of the drop pictured in Fig. la. The 
actual directions of the forces OA and OD are not known, but they must act 


in opposite directions. The equation of equilibrium is OA = OD + 


and OD are assumed reversed in direction, the equation 
becomes OD = OA + OB cosC, and OD>OA. Neither 
conclusion can be confirmed, because of inability to meas- 


against other phases. Surface tension of liquids against 


gases and against other liquids can, however, be meas- F'¢- 2.—Forces at 


3-phase contact. 


liquid, whose tension against a gas (air) is less than that of the first, is 
| generally less than that of the first against the gas. Further, the surface ten- 


sion of molten solids, such as salts and metals, is much higher than that of 


substances liquid at ordinary temperatures. Hence, it is not unreasonable 


_to suppose OA>OD and that the directions of the vectors in Fig. 2 are 
correct. (For an exhaustive discussion with many experimental data sec 


Coghill and Anderson, TP 262, USBM.) 


Experiment shows that the relative magnitudes of OA and OD are different for water 
against different minerals. Table 1 presents determinations on several common constitu- 
uents of ores. Values under the caption ‘‘ Minimum value = @’’ represent the angle 
majntained on the higher edge of a drop rolling down an inclined surface of the mineral 


and those under caption ‘‘Maximum value = 6’”’ are those on the lower or advancing edge. 


Sulman applies the term HYSTERESIS OF CONTACT-ANGLE to the difference between the two 
values. 


Table 1. Contact angles of ore minerals with plain water. (After Sulman) 


Contact angle 
Difference 
Mineral or 
Minimum Maximum hysteresis 
value= 0 value= 0’ 
degrees degrees degrees 
Chalcopyrite......... 37.0 87.0 50.0 
StibUitet:.. cketanhe coke 24.0 62.8 38.3 
Rosin blende......... 47.0 81.0 34.0 
buy E:V-9 ohn 6a 4 ew @ 80.8 69.1 
Miarcasite..cic ent an 5675 83.5 28.0 
HEONMPVEILC, sco tice arene 25.5 87.0 61.5 
OQ GAYGZeree eae re sous 19.5 58.5 39.0 
C@aNCite is sts oe nes es 39.6 85.5 45.9 
Garnet mn. oh SIE 58.2 94.5 36.3 
Galena No. 1......... 35.0 73.0 38.0 
GalenandiNOx 2c ois apeierwy 41.6 70.0 28.4 
Molybdenite......... 12.6 62.5 49.9 
Chaly bite: 2:.cdire-bts.<.- 45.2 90.0 44.8 
Glass ate regarc. see. 25 33.0 39.5 6.5 


Effect of differences in contact angle on flotability of two pieces of the 
same size, shape and weight is shown in Fig. 3. Fig. 3a shows a particle 
against which the liquid makes a contact angle nearly 90°. The vertical 
component of (7), available to counteract (W) (weight of solid in liquid), is 
nearly as great as (7’) itself. In Fig. 3b, the contact angle is small and, 
although (7’) is the same as before, the effective component is much less. 
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Hence the first particle may float and the second sink. This was for many 
years taken as the complete explanation of the separation 
possible by film flotation. But reference to Table 1 shows 
that on the basis of magnitude of contact angles alone, 
the advancing angle being the effective one, the order of 
floatability would be garnet, chalybite, chalcopyrite and 
pyrite, calcite, marcasite, rosin blende, magnetite, galena, 
stibnite, molybdenite, quartz, glass. This order is distinctly 
not in accord with experience, asis shown by Table 2. From 
this table the order of floatability, at the most favorable size 
for comparison (—1.168 +0.833-mm.) is sphalerite, galena, 
chalcocite, calcite, dolomite, quartz, siderite. 


Fig. 3.—Forces 
in film flotation. The order of magnitude of the hysteresis of the contact angle is 

claimed by Sulman (29 IMM 44) to gage the order of floatability 
more correctly. The minerals in Table 1, arranged on this basis are: magnetite, iron 
pyrite, chalcopyrite, molybdenite, calcite, chalybite, quartz, stibnite, galena, garnet, rosin 
blende, marcasite, glass. While this arrangement likewise does not agree with actual 
experience as to floatability, as presented in Table 2, it approaches it more nearly. Sul- 
man’s argument is plausible. He says that hysteresis of the contact angle increases the 
range of equilibrium of the forces causing flotation of the particles, and thus allows the 
system to adjust to changes in direction and magnitude of the forces caused by disturb- 
ances of the water surface. An unchangeable contact angle, he properly maintains, would 
give a system incapable of such adjustment. 


Table 2. Flotation of dry, unoiled minerals at a clean water surface. (School of 
Mines, Columbia University) 


Percentage of different sizes (a) floating (6) 
Mm. 
Mineral Sp. gr. 

— 4.699 — 3.327 — 2.362 —1.651 —1.168 

+ 3.327 +2.362 +1.651 +1.168 +0.833 
Calcite \ = 22tiag 2.7 0 19 19-31 19-25 67 
QUATUZ dare $< ars 2.7 wipes tris one 2 0 5-32 15-17 30-44 
Dolomite..:..... BS MMO WON SEI NS Ns 0-4 0-29 21-34 37-55 
Siderite™ oy 1... Gan OO) ne seh, See. 2 Zh 15 30 
Galena.s «4a & sed, OURS eRe 0 0 1 85-90 
Chaleocite....... Die Ne BS. ee 6-8 18 42 74 
Sphalerite....... 40) S |G ees ees 5 46 95 100 

Percentage of different sizes (a) floating (b) 
Mm. 
Mineral Sp. gr. 

— 0.833 — 0.589 —0.417 — 0.295 — 0.208 

+0.589 +0.417 +0.295 +0.208 +0.147 
@alcite snunehoacn 207 79-85 75+ OSE ~'- OTA EE | eee ree 
QU AT Zieco.deare xs, oe 2k 65-79 76-92 71-76 +80 +90 
Dolomite. .2...-.- 2.8 86-96 65-83 88-93)” fo tre sR ee Ie: oe an me 
Siderite: 4.0.54. 3.8 56 70-77 70+ +80 +90 
Galen ak waretcenew 7.5 OD ere aertsnevncayay acct eeaeasce te ca tel ikea eee Re ee 
Chalcocite....... 5.7 9570 (Ete IeiOd. WE gota seek. Sh). ae eee 
Sphalerite....... OM. | See ange sates cohwaeor efi ail sabe oaece, Mt Cage eee |= ene 


a Sizesinmm. 6 Flotation was obtained by placing the pieces on top of a glass dome, 
1 in. diameter, projecting %6 in. above the water surface, and allowing them to slide down 
onto the surface. Percentages were obtained by counting the number of pieces that floated 
out of 100 tried. 


| 
| 
| 


they are: Molybdenite, iron py- 
rite, galena, chalcopyrite, stibnite, i 
marcasite, rosin blende, garnet, | Unoiled mineral 9, aC po e 
' magnetite, quartz and glass. Both degrees degrees demeies 
of these orders are in consistent |——WW— 
accord with general experience as | Chalcopyrite. . . 44.0 72.0 28.0 
to the greater floatability, onacidi- | Stibnite........ FRC) 44.0 27.0 
fied water, of sulphides than | Rosin blende...| 40.6 64.7 24.1 
gangue, and the second probably | Magnetite..... 4.0 4.0 0.0 
approaches the truth more closely | Marcasite...... 32.5 59.4 26.9 
in detail than the first. The re- | Iron pyrite..... 14.4 52.0 37.6 
markable things to note, however, | Quartz........ 9.25 9.25 0.0 
in comparing Tables 1 and 3, are | Garnet........ 16.0 37.0 Zb0 
the marked and consistent drop in | Galena No. 1... 19.0 53.0 34.0 
all contact angles produced by the | Galena No. 2... 21.4 57.8 36.4 
acid in solution, and the fact that | Molybdenite... oi ee 50.5 38.8 
the drop averages 19.2° for the | Glass.......... 4.0 4.0 0.0 
sulphide minerals as against 54.8°, 
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Effect of dissolved substances on contact angles is shown in Table 3. Minerals in the 
order of magnitude of advancing angles are: chalcopyrite, rosin blende, marcasite, galena 
iron pyrite, molybdenite, stibnite, 3 
garnet, quartz, magnetite and 
glass. In order of hysteresis range 


Table 3. Contact angles of ore minerals with acidified 
water (0.7 per cent. H2SQ4). (After Sulman) 


nearly three times as much, for 
the gangues. There is a similar proportionate drop in the hysteresis. The possible bene- 
fit of dissolved substances on film flotation is referred to by Macquisten (U. S. patent 


865,194). 


Oiling of mineral particles changes both contact angles and hysteresis. 
Oiling is a phenomenon similar to water-wetting, when performed in the 
presence of air (i.e., on dry pulp), but differing therefrom in the fact that while 
all contact angles are low, those on particles of metallic luster are lower than 
those on gangue particles. Hence when oil is incorporated with a dry pulp 
there is some tendency for the sulphide particles to become wetted more com- 
pletely than the gangue. But the tendency is not 
sufficiently sharp and definite to be useful. When, 
however, oil and water are brought simultaneously to 
the surfaces of mineral and gangue particles, out of the 
presence of air or other gas, a relatively sharp differ- 
entiation in behavior occurs, as illustrated in Fig. 4. 
The oil makes a small contact angle with sulphide 
_ mineral and displaces water from the sulphide surface, 
Fic. 4.— Behavior \hile the reverse is true at the gangue surface and 
of oil and water at the Jatter becomes or remains water-wet. When dry- 
gangue and mineral 3 as : ' 

auetnaen: oiled particles are brought into contact with water a 
similar tendency exists and the water to some extent 

displaces oil from the gangue surfaces and wets them, while it is repelled 
from sulphide surfaces to an even greater extent than when these are unoiled. 


Gangue Sulphide 


Sulman and Picard (The theory of concentration processes involving surface tension, Exhibit 
Minerals Separation North American Corp. vs. Magma Copper Co.) gave the results presented 
in Table 4 for contact angles of oiled minerals with acidified water. These are to be compared 
with those for unoiled minerals in Table 3. The order of decreasing floatability based on 
advancing contact angle is: chalcopyrite, stibnite, rosin blende, specular iron, marcasite, 
galena, molybdenite, garnet, quartz, magnetite. Based on hysteresis the order is: 
Chaleopyrite, galena, marcasite, specular iron, molybdenite, stibnite, rosin blende, garnet, 
quartz, magnetite. Excluding the specular iron, these results accord fairly with experience. 
Table 5 presents results with oiled sulphides comparable. to those with unoiled minerals 
in Table 2. 

Wood dry-feed film-flotation machine (1,088,050/ 1914) is typical of the dry-feed machines 
(Fig. 5). It consists of two tanks (A) and (P), filled with water. A roller (C), covered 
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Table 4. Contact angles of oiled minerals with acidified water 
Contact angles made between min- | 
erals coated with film of paraffin 
wax, and 0.7 per cent. H2SO4 
water 
Mineral 
9 6’ Degrees of 
dageess deans hysteresis 
range 
Chaleopyrite) s A.2)2-6% } eG 54.5 166.5 112.0 
Chalcopyrite composite face. . 58.0 96.0 38.0 
Speman iron «5... Peres oboe oi 41.5 141.5 100.0 
Suibgatemes tre cata ene as (320) 154.0 81.0 
Rosin blende No. J..-.:........ 73.0 153.4 80.4 
Rosin blende No. 2..........- 44.0 112.5 68.5 
Maonetite . ees eps eye + a+ vier o iene 8.5 29.3 20.8 
INE Gr Cast Ore 6 vile is Buse. «cool causaah 30.0 135.0 105.0 
PEON Ibs gee <t-cab «a BD Olea dlny tae cca ths ater etl ous ttae cerita 
OuS ri tA Rhos Peeyeebicue 18.0 (hes) 58.5 
(SEGUE Se LS I che RO) Ee IR Re | per mete limes ioc. 
aT ING these atere nes eters nor ome 29 86 to 110 | 57 to 81 
CEES Vesa RALSTON aS cet ae Oe eee ee 23 134 ill 
CIE NIGS CR Sobre sae 25 132 107 
IME Oly DGENIGE se cpeikcens sae pei one 38-48 123-139 85-91 
GAN VOEUG Sia crane oe, soe rede sere oho, seh ct anes 9 il peteke arate perceera |S ocaemesea ieee 
(Glagarcn ee eee ME acre ee erase, coeds eotaty “oll Sw au auaueratente tall age hs eientonaNG 
Table 5. Flotation of dry, oiled sulphides at clean water surface. (School of Mines, 
Columbia University) 
Percentages of different sizes (a) floating (b) 
Mm. 
Mineral Sp. gr. 
— 3.327 — 2.362 —1.651 —1.168 — 0.833 
+2.362 +1.651 +1.168 +0.833 +0.589 
Galena... «3 alin oe Peer or ot es 6 17-85 100 
Chalcocite....... One 2 14 72-80 | TOO) yo irs sae 
Sphalerite....... 4.0 3 42 80-92 | LOOM |. cdc ee ce 
a Sizesinmm. 6 Method of effecting flotation is described in note b, Table 2. Mineral 


was oiled with about 2 per cent. oleic acid by weight, applied in benzol solution, from which 
the benzol evaporated leaving oleic acid as a film-coating on the solid. 


with corrugated rubber belting and submerged with its center well below the surface of water 
in the tank (A), rotates in the direction indicated. As the roller emerges from the body of 


Fig. 5.—Wood skin-flotation 
machine. 


thence in turn over pulley (R), and guide roller (M). 


liquid, it carries with it, covering its upper surface, a 
thin layer of water. Dry ore is fed onto the surface of 
the revolving roller, in a thin sheet by means of the 
shaking feeder (@), the gangue minerals tend to wet 
and sink into the grooves, while the minerals of 
metallic luster tend to float. When the floating and 
subiaerged minerals are carried over to the point where 
the surface of liquid in the tank intersects the sur- 
face of the roller, the floating mineral rides out onto 
the water surface because of the fact that the surface 
film is continuous over the tank and the roller. The 
gangue minerals remain submerged and finally fall 
off and settle to the bottom of the tank. At the 
opposite side of tank (A) is another roller (J). 
An endless rubber belt (K) passes over this roller, 
A gentle current is maintained from 
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(C) toward (I) by reason of the constant addition to the surface film at (C) and constant 
removal at (I) by the traveling belt (K). The surface film is continuous from the liquid 
in tank (A) to the liquid in tank (P) over the surface of belt (K). Due to the disturbance 
at the point where belt (K) passes below the surface of the liquid in the tank (P), the less 
tightly held material in the film is shaken out and settles to the bottom of tank (P). 
This material constitutes the middling of the process and is re-treated on gravity-concen- 
tration apparatus. Tailing is discharged through valve (B). Floating concentrate over- 


_ flows lip (W), the level of liquid in tank (P) being maintained so as to overflow a thin 


sheet of liquid at this point. 

In an earlier patent, 984,633/1911, Wood states that in certain instances a small quantity 
of oil will increase selection. 

The machine as built had a feed roller 3 ft. wide, required about 0.25 hp. and is said 
(44 A 684) to have had a capacity of from 1000 to 2000 lb. per hour. 


Other dry-feed film-flotation machines differ in no way in principle from 
the Wood machine. 


Nibelius (486,495/1892). Vertical gravity feed. Radial skimming current induced 
by rising current of water at the center of the separating box. Re-treatment of float con- 
centrate in successive shallow troughs with s‘de overflow and short vertical drops between. 

Brumell (678,860/1901). Fixed inclined feed. Lateral skimming current induced by 
a special submerged fitting on the water-supply pipe. 

Allen (688,279/1901). Vertical gravity feed onto water in an inclined launder, dis- 
charging, so as to cause ripples, into a spitzkasten. The spitzkasten discharges tailing and 
a rough concentrate, the latter by inclined launder onto the surface of water in a shallow 
box with several submerged weirs, where middling is shaken out by ripples caused by 
the weirs. 

Wheelock (734,641/1903). Fixed inclined feed by means of special chutes. Lateral 
skimming current induced by perforate’ pipe at the surface near the back of the separating 
spitzkasten. Re-treatment of concentrate by vertical fall along the lip of the first spitz- 
kasten onto the surface of the second. 

Davis (816,303/1906). Vertical gravity feed onto,the surface of a rising stream. Com- 
partmented trough with special knife-edge skimmers at each compartment to cut out sus- 
pended matter just below the surface. 

Behrend (973,467/1910). Feed sifted onto the surface of water in a cone with a radial 
skimming current induced by a radially-discharging pipe at the center. 

Behrend (979,820/1910). Vertical gravity feed by shaking tray onto a horizontal cur- 
rent in a compartmented trough with film-thinning boards over the partitions. 

Wood (984,633/1911). Vertical gravity feed onto water on a slightly-inclined plate 
with provision for discharge of sunken material. The film from the plate flows onto the 
surface of water in a spitzkasten. Overflow passes over a steeply-inclined screen for final 
cleaning of concentrate. 

Wood (987,209/1911). The film in a tray receiving the feed flows tangentially, at an 
acute angle, onto the surface of pulp in a cone fitted with curved-screen skimmer opposed 
to the surface current in a way to lead the film into a central overflow. 

Smith (1,014,977/1912). Shaking feed onto a steeply-inclined plate, thence onto a film 
in a slightly-inclined launder leading to a spitzkasten. Overflow by launder to a further 
spitzkasten. Repeated re-treatment of concentrate. Provision for varying the slope of 
connecting launders, resulting in variation in height of fall onto the surface of the pulp in 
successive spitzkasten. 

Jeffrey (1,052,061/1913). Feed distributed at center of cone by sliding from a spherical 
segment onto a radially traveling film on a flat conical surface. Radial current guided by 
underside of spherical segment. 

Smith (1,136,622/1915). Vertical gravity feed through screens of increasing aperture 
placed above a launder or launders carrying the separating film. Inclination of feed screen 
opposed to that of separating launder. ; sis 

Rowand (1,159,713/1 15). Dry feed to traveling oiled belt on which preferential oiling 
of sulphide: in air is expected. Subsequent presentation of solids at a water surface by 
submergence of the belt. Belt continuously oiled by dipping into a tank containing oil. 

Munroe (1,230,081/1917). Inclined fixed feed onto lateral current in spitzkasten, induced 
by making upper portion of back of spitzkasten circular in vertical section. 


Macquisten wet-feed film-flotation machine (865,194, 865,195, 865,260/ 


1907) is one of the best known types of wet-feed machines. 


Fig. 6 shows the essential features, viz.: a rotating rifled tube (6) 1 X 6-ft., set horizontally, 
with central opening at the inlet end and full opening at the discharge end into a pointed box 
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(d), with overflow lip. Water level is maintained in box and tube about 3 in. above the 
bottom of the tube so that a film of water about 42 in. deep overflows the discharge lip. 
Liquid pulp is introduced through the feed trough (a). The tube makes 30 r.p.m. The 
solids in the pulp are thus raised 
above the surface of pulp in the 
tube, water drains away, most 
rapidly and completely from par- 
ticles of metallic luster, and, as the 
material slides back, the minerals of 
metallic luster float, in part, while 
the gangue mineralssubmerge. This 
operation is repeated many times 
30 as the pulp passes through the ma- 
AATANMIINITNN chine. Slime tends, in large part, 
to pass through in suspension and 
thus gets no chance to separate. A 
WY Lea PRPIL: gentle surface current (about 10 ft. 
Sections on tubes per min.) is maintained from feed 
to discharge end. When the sub- 
Fic. 6.—Macquisten skin-flotation machine. merged solids reach the tank they 
sink and are withdrawn as tailing. 
Floating concentrate passes over thelip. Tailing is re-treated in another tube. At the 
MORNING MILL (43 A 692) 175 to 200 lb. of zinc concentrate assaying 48 per cent. zinc were 
floated per tube per 24 hr., representing a recovery:as high as 85 per cent. Three tons of 
solid per 24 hr. was passed through four tubes in series. The feed sized about 9 per cent. 
on 40-mesh and 11 per cent. through 200-mesh. The feed pulp carried from 14 to 20 per 
cent. solids. 
Macquisten states in patent 865,194 that acid, alkali or soluble salt or other substance 
like petroleum may be used to modify the surface tension of the separating liquid or to alter 
the surface condition of the particles. 


DeBavay wet-feed film-flotation process (864,597/1907; 912,783/1909). 
The apparatus used in Australia is described by Hoover and differed from that 
shown in the patents. 


The process described in the patents consists in first digesting pulverized ore with a 
solution of alkaline carbonates or bi-carbonates or carbonic acid or any other reagent in 
order to remove surface coatings from the sulphide particles, or it may be removed by tri- 
turation. The pulp is then de-slimed, suspended in new water and flowed in a thin film 
over an inclined plane onto the surface of a body of water in a tank or trough where the 
mineral floats. The feed should be between 40- and 80-mesh. 

The strength of the washing solution is from 0.5 to 10 per cent. 
when alkaline carbonates are used. 77 

In the process as described by Hoover, tailing from gray- 
ity concentration, crushed to pass about 40-mesh, was first de- 
slimed, then fed into a mixing tank and agitated for a con- B a B 
siderable time with cold sulphuric-acid solution, about 0.2 
per cent. strength, in a pulp containing 15 to 20 per cent. 
solids, the acid solution was decanted, the settled solid washed 
twice with fresh water, then thoroughly agitated with water 
containing about 0.02 per cent. chlorine and from 2 to 3 lb. per iD 
ton of ore of a mixture of 1 part of castor oil and 4 parts of 
low-grade kerosene. The oiled pulp was elevated by a mon- }y¥q. 7.—DeBavay sepa- 
teju onto a series of separating cones of the type shown in rating cone 
Fig. 7. Concentrate floated from (A) to (B), gangue sank and Jane 
discharged through (D). The floating material was principally froth. This is not true of 
the process described in the patent. 


Other wet-feed film-flotation machines comprise a variety of methods 
of bringing the solids in a wet pulp to the surface in order that the sulphides 
may preferentially drain and then float. 

Sulman and Picard (793,808/1905). Oiled pulp is sprayed by means of jets, revolving 
disks, or otherwise onto the surface of water. 


Sulman, Picard and Ballot (879,985/1908). Three methods of bringing solids to the sur- 
face are described: (a) specially riffled reciprocating table, the exposure taking place as the 
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solids climb the riffles; (b) air jets applied to material on the surface of a reciprocating 
table; (c) concave vanning belt, which drains on alternate sides at each reciprocation. 

H. L. and E. A. Sulman (902,018/1908). Fixed buddle with two scraper arms carrying 
rubber scrapers to ‘‘ dry ”’ the solid, followed by perforated arms to distribute a liquid, as 
acidified water, onto the dried surface. Thick feed. 

Brown (1,081,360/1913). Pulp, with or without ‘‘ a substance to enhance the flotation 
of the mineral particles’ is successively raised above the surface of water in a tank and 


_ then submerged, by means of a traveling belt. 


Stevens (1,116,642/1914). Oiling with a small quantity of a mineral oil in a warm, acid 
pulp, presenting the pulp to air and then to the surface of a liquid by-any method. 

Livingston (1,147,633 1915). Oiled, acidified pulp flowed through the bottom of a ribbed 
revolving drum. Internal spray pipes to furnish a liquid film for flotation of the drained 
mineral and a longitudinal concentrate-overflow launder submerged in the pulp along the 
center line of the drum. Several variations. 

Stone (1,156,041/1915). Oiled, acidified pulp fed intermittently at an acute angle, with 
as little agitation as possible, to a liquid (water) surface by means of a plurality of small 
movable mechanically-operated trays. The trays are mounted on a carriage so that they 
alternately submerge with a load of feed and emerge empty on the return trip for another 
load. 

Haultain (1,218,400/1917). Pulp, with or without oil or inorganic agents, fed successively 
by pluralities of inclined, fan-shaped trays onto water surfaces in settling tanks. Air jets 
to set up skimming currents. 

Spearman (1,377,937/1921). Grinding in the presence of water and a small quantity 
of a non-frothing oil followed by separation on an inclined screen on which floating mineral 
discharges as oversize and sunken material as undersize. Specifically for graphite. 

Bonnell (1,399,539/1921). Oiled pulp raised to a smooth or riffiled apron by air-lift and 
flowed onto the surface of water in a spitzkasten. Succession of apparatus with both series 
and circulating treatment. Some froth flotation here also, depending upon oil and ore. 

Spearman (1,491,110; 1,491,111; 1,497,804; 1,509,266/1924). Freely-flowing oiled pulp 
is sent in a thin layer over an inclined porous membrane discharging gas, thence onto the 
surface of water in a spitzkasten from which a skin float is withdrawn by suction while 
tailing sinks. The process is claimed to be particularly suitable for separating graphite 
from m‘ca in refining graphite concentrate. 


Use of film flotation has not been great. It has been extensively experi- 
mented with in the treatment of graphite ores and was used for floating 
sphalerite in Broken Hill and at one mill in the Coeur d’Alenes. 

3. Oil flotation 
Bulk-oil flotation and om-BUOYANCY FLOTATION are other names for the 


same method. The process depends upon the interfacial forces at the contact 


of a mass of oil and water for selecting and holding sulphide mineral, and 


| upon the buoyancy of the oil in water for the levitation of the selected sul- 
| phide. Operation of the process consists in mixing relatively large quantities 


of oil with finely-ground ore, either before or after admixture with water, 
then allowing the mixture of ore, oil and water to stratify. Following such 


| procedure, if the oil is of lower specific gravity than water (or pulp), a load 


| of solid, predominately metallic mineral, is carried at the interface between 


| the oil and water, and by overflowing the oil layer with a 
| thin layer of the underlying water, this mineral load can be 


of selection is illustrated in Fig. 4. The conditions exist- 
ing in a freely-flowing pulp into which a mass of oil is being 


separated from the settled gangue. 
Theory of oil flotation. The fundamental phenomenon 


mixed are illustrated in Fig. 8. AB represents an oil-water B 
interface and (G) and (S) gangue and sulphide particles aA Ro 
respectively. When a gangue particle is presented at the iiisilalasneeneee 


interface, the contact angle of water against a gangue surface untortane 


in the presence of oil being small, the oil-water interface as- 
sumes the position shown and the force of surface tension acts to throw 
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the gangue particles back into the water. On the other hand, when a 
sulphide particle is similarly presented, it is the oil-sulphide contact angle 
that is small and the direction of the forces at the oil-water interface in 
the neighborhood of the sulphide particle is, therefore, such that the sulphide 
is held or moves toward the oil. Bancroft says (p. 83): 


“The solid particles tend to go into the water phase if they adsorb water to the prac- 
tical exclusion of the other liquid; they tend to go into the other liquid phase, if they tend 
to adsorb the other liquid to the practical exclusion of the water; while the particles tend 
to go into the dineric interface in case the adsorption of the two liquids is sufficiently intense 
to increase the miscibility of the two liquids very considerably at the surface between solid 
and liquid.” 


Levitation of the selectéd solid occurs when the specific weight of the sys- 
tem composed of selected solid and oil is less than that of the water or pulp 
in which it is submerged. The amount of oil theoretically necessary depends, 
therefore, on the specific gravities of the oil and pulp and the quantity of sul- 
phide mineral to be lifted. 


Assuming an ore containing 4 per cent. of mineral having a specific gravity of 5, the 
amount of oil having a specific gravity of 0.9 theoretically necessary to just float the min- 
eral is 575 lb., if the specific gravity of the pulp is taken as 1.0, 7.e., the same as water. 
The reasoning follows: 4 per cent. of mineral to be floated equals 80 lb. The weight of this 
mineral in water is 80 — (80 X 62.5)/(5 X 62.5) = 64 lb. or 29,030 gm. Tach cubic centi- 
meter of the oil assumed weighs 0.9 gm. and can buoy just less than 0.1 gm. submerged 
weight of mineral. It requires, then, to lift 29,030 gm. of mineral 29,030 X 10 or 290,300 cc. 
of oil, which is 76.7 gal. or 575 lb. 


Practically, the oil is not completely utilized in levitation, some gangue 
is raised, some mineral is lost, and finally air is entrained in the process of mix- 
ing the oil and this entrained air aids levitation markedly. The net result 
is that less than the theoretical quantity of oil is necessary. 

Oil-flotation processes may be grouped as dry-oiling and wet-oiling, depend- 
ing upon whether the oil is added to dry or moist ore or to an aqueous pulp; 
and further with regard to whether any special means is employed to increase 
the viscosity of the oil. 


Elmore wet-oiling oil-flotation process (643,340; 676,679 and 689,070/1901; 692,643/1902) 
is the best known of the oil-flotation processes. The operation consists in first producing a 
freely-flowing pulp by mixing pulverized ore with water in the proportions of 6 to 10 of 
water to 1 of ore, by weight; adding thereto a relatively large quantity of oil, up to more 
than a ton of oil per ton of solids; adding also sulphuric acid; mixing the ingredie=ts in 
a trough provided with stirring blades on a horizontal shaft; then passing the mixture 
to a spitzkasten. The pulp level in the spitzkasten is kept at such a height that a slight 
overflow of pulp liquor is maintained. Under these circumstances the oil layer on the 
surface of the pulp should be one-half inch or less in thickness. The mixing should be so 
limited in violence as not to break the oil into minute globules. Oil is recovered from con- 
centrate by washing with solvents, filtration, centrifugation, etc. The actual oil loss per 
ton of ore is said to have been between 10 and 20 lb, per ton of ore treated, 


Other wet-oiling oil-flotation processes using non-thickened oils are 
described in the following patents: 


Giogner (736,381/1903). Treatment of gravity graphite concentrate. Pulp containing 
25 to 33 per cent. solids is thoroughly stirred in a closed vessel with petroleum in an amount 
equivalent to 50 per cent. of the graphite by weight. The mixture is then sprayed with 
water, allowed to stand for settlement, and finally skimmed to remove the floating graphite. 

Orr (758,464/1904). Pulp mixed with oil by agitation of a water wheel and by flow in a 
pipe is discharged upwardly by a submerged pipe in a spitzkasten. Overflowing oil with 
sneep nate is filtered through charcoal or similar medium, the oil being returned to the 
system. 

Schwarz (766,289/1904). Pulverized ore mixed with water or saline solution is intro- 
duced gently onto the surface of oil floating on further saline solution in a tank. Gangue 
passes through the oil-solution interface and sulphide remains in the oil or at the interface. 
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Kendall (771,075/1904). Freely-flowing pulp is mixed with thin oil by causing the two 
to flow under pressure through perforated plates. The mixture is discharged as a thin 
sheet at considerable velocity beneath the surface of water in a spitzkasten. Oil with min- 
eral overflows and gangue is discharged at the bottom. 

Tunbridge (777,159/1904). Passage of aqueous pulp through a layer of oil and subse- 
quently through a perforated septum which removes oil-mineral aggregates and passes 
unoiled gangue and water. 

Orr and Finley (790,913/1905). Vertical passage of aqueous pulp, subdivided into 


drops by falling through a screen, through a horizontally-moving layer of oil floating on 


as of pulp. Removal of mineral from the oil by filtration through a blanket and 
charcoal. 

Finley (822,515/1906). Passage of aqueous pulp through a layer of oil floating on a body 
of pulp in a spitzkasten. Separation of concentrate from the oil by filtration. 

Kirby (809,959/1906). Agitation of freely-flowing pulp with a solution of bitumen in a 
thin distillable hydrocarbon liquid such as kerosene, in such a way as to break the oil into 
small globules and bring them into contact with the mineral particles; followed by settle- 
ment, aided by gentle agitation with sub-surface injection of gas and fine streams of oil; 
skimming of oil with concentrate; finally, distillation of the oil from the solid. Gas 
undoubtedly aids levitation. 

Elmore, A. S. (865,334/1907). Mixing aqueous pulp with oil in a centrifugal pump 
and circulation through the pump and a tank that is oil-covered to prevent oxidation of 
the metallic minerals. 

Dunstone (956,800/1910). Aqueous pulp agitated violently with acid (about 1 per cent. 
on the solid) then with a light mineral oil (4 times as much in bulk as the solid) until an 
emulsion containing the metallic particles is formed. This is skimmed and settled to drop 
the metal. 

Reed (1,262,984/1918). Aqueous pulp flowed against the under side of a stratum of oil 
held in place by baffles in a shallow trough. 

Rideout (1,562,125/1925) describes the use of a kerosene emulsion made with water, 
sodium bi-carbonate and potassium carbonate for use in separating molybdenum. 


Wet-oiling oil-flotation processes using thickened oils are described in 
the following patents. 


Scammell (770,659/1904). Aqueous pulp agitated with oil (heavy petroleum, animal, 
vegetable or fish oil) that has been treated with chloride of sulphur. The extent of 
thickening should be increased with increase in mineral content of the ore. 

Wolf (787,814/1905). Like the preceding with the addition that enrichment of oily 
concentrate is effected by passing the same through warm water. A method of recovering 
oil from waste pulps by blowing air through them is mentioned. 


Dry-oiling oil-flotation processes with non-thickened oil, including those 
processes in which the ore is more or less moistened but not in the form of a 
freely-flowing pulp before oiling, are described in the following patents. 


Robson (575,669/1897). Moistened ore in soft and plastic state, z.e., with say, 25 to 
35 per cent. water, is agitated with an oily liquid, the mixture is allowed to stratify in a 
separating vessel, the oily concentrate is drawn off and the solid separated from the oil. 

Wolfe (725,609/1903). Dry ore mixed with oil is fed onto a layer of oil floating on 
brine thickened by clay or other earth. Metallic mineral adheres at the oil-brine interface 
in the separating vessel and gangue sinks. Clayey brine increases the buoyancy of the 
concentrate. 

Darling (795,823/1905). Dry ore is mixed with oil (petroleum), the mixture is suspended 
in water by agitation and flowed to a screen, which separates the buttery mass of mineral 
and oil from non-agglomerated gangue and water. 

Latimer (851,599 and 851,600/1907). Dry ore is mixed with oil, the mixture suspended 
in water by rotary agitation in a cylindrical vessel sufficient to cause centrifugal forces 
that will bring about some segregation of solid from liquid, and the suspended mixture is 
then subjected to hydraulic classification in the agitation vessel. The oiled mineral rises 
on the periphery while gangue sinks. : 

Seinsche (1,335,612/1920). Dry ore is fed onto a belt conveyor previously fed with oil. 
The oiled ore is discharged by the belt onto the surface of acidified water. Oiled mineral 
floats, gangue sinks, There is considerable skin flotation here. 


Dry-oiling oil-flotation processes with thickened oil including those 
processes in which the ore is more or less moistened before oiling but not 
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brought to the state of a freely-flowing pulp, are described in the following 
patents. 


Everson (348,157/1886). Ore is dry-mixed with a gelatinous, probably collodial, mix- 
ture of water with a sulphonated fatty oil. The mixture is subsequently worked, by slow 
churning or squeezing in acidified water. This causes the gangue to be dropped and leaves 
buttery masses of oily matter and mineral of specific gravity roughly between one and 
two. These may be separated from the pulp by any gravity method. A second method 
described utilizes untreated oil and considerable agitation. In the second method gas 
undoubtedly aids levitation. 

Schwarz (771,277/1904; 807,501 to 807,506 incl./1905; 825,080/1906; 842,255/1907). 
A series of patents describing the mixing of oils, temporarily thin, such as melted hydro- 
carbons that are solid at normal temperatures, with moist or dry pulps by agitation; sub- 
sequently adding water, with further agitation and with or without the injection of air 
or steam; collecting a concentrate as a floating, more or less solidified and more or less 
gasified mass, and separating the same from the balance of the pulp by skimming. 


FROTH FLOTATION 


Froth flotation comprises two entirely different types of processes which 
resemble each other only in the fact that in both the concentrate is removed 
in the form of a froth or foam composed of gas, liquid, and solid matter which 
is preponderantly one of the minerals or classes of minerals. In the early days 
the mineral that was floated was mineral of metallic luster but greater knowl- 
edge of controlling conditions has now made it possible to float other kinds of 
mineral. The processes differ fundamentally both in the place in which con- 
centration is done and in the mechanism of the selection of sulphide from 
gangue. On- the basis of the first difference the processes may be classified 
as pulp-body processes and bubble-column processes. 


PULP-BODY PROCESSES 


These processes may be subdivided, on the basis of the method of in- 
troducing the bubble-making gas, into four types: (1) chemical-generation, 
(2) pressure-reduction, (3) boiling, and (4) agitation. All four types depend 
upon the fact that in a pulp, the liquid part of which is saturated with a gas, 
preferential precipitation of the gas onto particles of one particular class 
can be brought about by so changing the conditions that the liquid is super- 
saturated with respect to the surfaces of particles of this class. Preferential 
precipitation of gas from the supersaturated liquid is enhanced, if the mineral 
particles are coated with a film of some organic substance, and the presence 
of such a coating also makes the force of adherence between the precipitated 
bubbles and sulphide particles greater. As a result of preferential precipita- 
tion of gas on certain particles in the pulp, and its adhesion thereto, agglomer- 
ates consisting of one or more gas bubbles with mineral particles firmly 
attached to them are formed in the body of the pulp. These agglomerates 
later rise to the surface in the form of a froth which is separated as concen- 
trate. 


4. Chemical-generation process 


This process depends upon chemical action of some kind to generate gas 
in the pulp. In some methods, as, for instance, the electrolytic, a part of the 
gas, at least, generates at the surface of the metallic minerals. In others, as 
the Froment, it generates at the surface of non-metallic minerals, goes into 
solution, and later precipitates preferentially at the surface of particles of 
sulphide mineral. 


' (a) to the bottom of the vat. A layer of solids 2 ft. or more 
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Potter-Delprat process (735,071/1903; 763,662/1904; 768,035/1904; to 
Delprat and 776,145/1904 to Potter) is the first commercially successful froth- 
flotation process applied to sulphide ores. 


Dewatered pulp is fed into an apparatus of the type shown in Fig.9. Hot sulphuric- 
acid solution of 1- to 10-per cent. strength or acid salt-cake 
solution of 1.3 to 1.4 density is introduced through the pipes 


in height, depending upon the depth of the vat, is maintained Vonten zie 
in teeter above the spigot. Gas is precipitated as bubbles ; 
onto the sulphides and the bubbles rise to the surface with 
aload of sulphide, forming there a coherent froth, which 
overflows. The tailing is drawn off as a thickened product 
from the spigot at the bottom of the box. The compart- 
ment without a spigot is for the purpose of collecting any 
coarse particles that would tend to clog the spigot. With 
ores that contain carbonates, as do most of the ores at Broken 
Hill where this process was invented and practiced, itis prob- 
able that most of the effective gasis carbon dioxide. Air and 
water vapor will, however, precipitate in sufficient quantity, 
under the conditions of the practice of the process, to float 
the sulphide effectively in the form of a coherent froth, when 
treating ores containing no carbonates. No oil is added. 
On theoretical grounds it is questionable whether the process 
will work on an otherwise suitable ore if there is no organic 8 Residue 

material present, but there is no doubt that the lubricating ‘ 

oil introduced in ordinary mining operations, amounting in Frq. 9.—Delprat frothing 
general to 0.05 to 0.1 lb. per ton of ore, is sufficient to box. 

cause successful practice of the process. 

Performance of Potter-Delprat process (Deposition of Leslie Bradford, M.S.N.A. 
Corp. and M.S., Ltd., vs. Magma Copper Co.; 117 P 375). The principal use of this process was 
at the BRoKEN HiLL PROPRIETARY MINE, N.S.W., from 1903 to 1917. The early work was 
in a shallow, sloping-bottom pan heated on the bottom by an open flame. About one long 
ton per hour was treated in a pan 3 X 6 ft. in area and about 2 ft. 6 in. deep. Feed was 
de-slimed tailing from the gravity-concentrating mill, practically all of which would pass 
a 40-mesh screen and from 20 to 25 per cent. remain on 60-mesh. The gangue was prin- 
cipally quartz, rhodonite and garnet with some gneiss from the walls and small amounts of 
rhodocrosite, siderite and calcite, totaling about 0.5 per cent. CO». Acid salt-cake (NaHSO,4) 
solution of about 1.3 specific gravity, heated to about 190° F. in stock-solution tanks by 
the use of superheated steam was mixed with the moist ore (6 to 9 per cent. H2QO) in the 
tank. Feed assayed about 17 per cent. Zn, 3 per cent. Pb and 4 oz. Ag per long ton; 
concentrate, 40 to 42 per cent. Zn, representing about 80 per cent. recovery. By 1904 
apparatus similar to that shown in Fig. 9 wasin use. ‘The first boxes were 4 ft. X 4 ft. 6 in. 
in surface area and about 6 ft. deep, made of wood lined with sheet lead. Solution pipes 
were cast iron, tipped for 2 ft. 6 in. with 2-in. lead pipe drawn down at the end to 14-in. 
and perforated near the end with 144-in. holes. Capacity was 10 long tons per hour. Other 
operating conditions and the results were approximately the same as above. The final 
installation used larger boxes of cast iron, 8 ft. & 9 ft. surface area, 2 ft. X 1 ft. at the bot- 
tom, and 15 ft. deep; 1-per cent. sulphuric-acid solution was substituted for the salt 
cake. The capacity of the larger boxes was 10 to 20 long tons per hour. Recovery occa- 
sionally got up to 90 per cent. but the general average was 80 per cent. Grade of concen- » 
trate was worked up to 48 to 49 per cent. Zn, 6 per cent. Pb and 10 to 12 oz. Ag. Concen- 
trate was about 8 per cent. on 40-mesh and 17 per cent. —200-mesh. ‘Tailing assayed 3 
per cent. Zn, 2 per cent. Pb, 2 0z. Ag perlongton. Three to 3.5 tons of solution were added 
per ton of ore, entering under a pressure of approximately 15 lb. per sq. in.; acid consump- 
tion, including 1 to 2 lb. per ton of original feed discarded with the tailing, was 25 to 30 lb. 
per ton; strength of solution returning to stock tanks, 0.6 per cent. acid. ‘Temperature of 
the incoming solution was 190° F., of solution in the frothing boxes, 165° I’.; and of solution 
drained from concentrate and returned to the stock tanks, 145° F. 

The purpose of de-sliming was to get high-grade zine concentrate. Slimes assayed 17 
per cent. Zn, 14 per cent. Pb and 14 oz. Ag as compared with the sand assay given above 
and concentrate from treatment of mixed sand and slime assayed 32 to 33 per cent. Zn, 
22 to 23 per cent. Pb and about 30 oz. Ag. This concentrate could not be sold to advantage. 
Lead slimes were, therefore, dried in the open, heap-roasted, and smelted direct. Hlimina- 
tion of slimes made possible the high capacity of the frothing boxes, since slime treatment 
by this process requires long digestion of the pulp with hot acid solution in order to 


i! 
il 


i 


792 FLOTATION Sec. 12, 


~ 


float the slime mineral and, in fact, before high recoveries of the coarser material can 
be effected. 

At this same plant slime-feed was concentrated with heated (140° F.) acid solution 
(0.3 per cent. HeSO4) without oil by sending the pulp through a series of four centrifugal 
pumps and separating boxes in alternate series. Concentrate assayed 34 per cent. Zn, 
25 per cent. Pb and 40 oz. Ag; tailing, 4 per cent. Zn, 9 per cent. total Pb (8 per cent. oxide) 
and 4 oz. Ag. Plant capacity was 3000 tons per week. 

Other apparatus designed for the practice of this process is described in patents 763,749/ 
1904 and 784,999/1905, to Goyder and Laughton; and 778,747/1904, and 780,281/1905, to 
Gillies. 


Froment process was patented in 1902 in Italy and Great Britain but 
was not patented in the United States. 


Finely-pulverized ore with 1+o 2 per cent. of limestone is fed into a mixer in a pulp con- 
taining about 30 per cent. solids; animal or vegetable oil in an amount equivalent to from 
1 to 1.5 per cent. on the ore is added and the mixture agitated at the rate of 1000 to 1500 ft. 
per min. peripheral speed. The agitated mixture is next run into a shallow vat provided 
with a slow-moving rake at the bottom. Sulphuric acid of about 30 per cent. strength in an 
amount sufficient to react with the limestone present is slowly added through a perforated 
coil suspended just above the rakes. Gas precipitates preferentially on the oiled-sulphide 
surfaces and forms aggregates of gas bubbles and mineral that rise to the surface and are 
removed in the form of a coherent froth. De-sliming of the feed aids in making clean con- 
centrate, but is unnecessary with certain oils or if a small amount of acid is added in the 
mixing vat. 

The Froment process never went into commercial operation. Results of tests in a labora- 
tory apparatus are given in Table 6. 


Table 6. Results of laboratory operation of Froment process 


Oil Metallurgical results 
Ore Assays, per cent. Ratio | Recov- 
Pounds 
; of ery, 
Name per 
ton Concen- jae eae les 
Feed | Tailing tration | cent. 
trate 
Copper..| Coal-tar creosote.......... 18.4 1.96 ie 9.19 10.2 45.9 
Copper. .| Coal-tar creosote........... 19.2 1.94 103 9.14 8.9 52.8 
Copper..| Coal-tar creosote........... 9.4 1.86 1.14 10.40 12.9 43.4 
Ane’ .¥i\ LubricatingoWls Oop. 2s 16.8 11.88 1.47 43.70 4.1 90.7 
Zinc? 24.4! Pane: oye, eg Pea, OS s. 15.6 12.59, 1.02 | 40.62 3.4 94.2 
Zines). So\bubricating ols 2158, Po 16.4 12 0.72 38.88 3.3 95.9 
Zine HN OG cide HABIT Fee 16560" [ Tl. 60> 0265. | So eoU 3.2 96.2 
Zines: |\sKerosenewy sc, hs BORE et 15.6 12.16 O74 | 37.72 3.2 95.8 
Zines, s.) Amyliacetatesies 262 tases 1552 12.24 | 0.74 38.20 3.3 95.8 
ZACK Bst |) OSD, OWL-SA om Ae, See 16.4 | 12.42 | 0.60 | 36.08 3.0 96.8 
Zine. ...}| Cotton-seed oil............ 2172 12.15 | 0.80 | 41.60 3.6 95.3 


Sanders (805,382/1905 and 911,077/1908). Pulverized ore is agitated at a, rate insuffi- 
cient to beat in air in a non-acid solution, preferably heated, having a specific gravity 
of 1.15 to 1.25 and capable of reacting with the ore with evolution of gas. Aluminum sul- 
phate and ferric sulphate are named for making the solution. In 988,737/1911, Sanders 
pees removal of calcite from calcitic ores prior to flotation with non-acid and with acid 
solutions. 

Greenway (i,045,970/1912) describes a process that is essentially the Potter-Delprat 
except that dry or moist ore is oiled before addition to the flotation machine. This treat- 
ment stiffens the froth. 

Leuschner process (93 J 924) as practiced at the FrrmppRicussmGEN and LupwigsEcK 
mines in Germany was an operation of the Froment process in which oiled pulp containing 
carbonates was treated in a sulphuric-acid bath of 1 to 2° Bé. at 60 to80° GC. At Friedrichs- 
segen the feed was — 1-mm. and contained 10 to 15 per cent. Zn. Concentrate contained 
47 to 50 per cent. Zn and tailing 0.3 per cent. Oil consumption was 4 to 6 kg. per ton. 
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Electrolytic chemical-generation process was first described by F. E. 
Elmore in British patent 13,579/1904. In this process the water of a freely- 
flowing oiled pulp is decomposed by an electric current, gas precipitates 
preferentially on the sulphides and the mineral-coated bubbles rise and form 
the typical coherent froth. 


Lockwood (1,329,127/1920). Ores whose metalliferous particles are capable of con- 
ducting electricity are passed through, over or between cathode and anode surfaces closely 
spaced so that the particles become temporarily anodes and cathodes on which hydrogen 
or oxygen or both from the decomposed water precipitate. Oxidized metallic particles 
are to be coated with oil containing ground conductors, such as sulphides, before treatment. 
Various forms of apparatus are illustrated. 


Theory of the chemical-generation process. The actual phenomena 
involved may be seen clearly in the following experiment. 


De-slime about 20 gm. of a silicious ore of fairly high mineral content (say 15 per cent. 
zinc ore) drain, mix in about 1 gm. of similarly sized limestone, add 1 or 2 drops of oleic 
acid and mix thoroughly. Make a small heap of the oiled ore in a shallow dish, cover 
with water, place a low-power microscope for observation from above, then add slowly, at a 
short distance from the ore, a few drops of concentrated sulphuric acid. As soon as the acid 
diffuses to the solid, gas bubbles may be seen to form and grow at the surfaces of both car- 
bonate and sulphide particles. Those forming at carbonate surfaces detach and rise to the 
surface without any solid load. Those that form at carbonate surfaces down in the heap 
can be seen to push through slowly, throwing aside indiscriminately the gangue and sul- 
phide particles with which they come in contact, and rising to the surface unloaded. 


The phenomena producing the attachment of gas to sulphides are: (a) 
generation of gas at the carbonate surfaces; (6) solution of some of the gas 
in the water; (c) travel of this solution by diffusion and by reason of the stirring 
by rising bubbles until a sulphide surface is reached, and (d) precipitation there 
by reason of the fact that the solution is supersaturated with respect to such 
surfaces, 


The same phenomena can be observed by placing individual pieces of, say, quartz, 
galena and calcite in a small cell under a projecting microscope magnifying 200 to 300 diam- 
eters, spacing the pieces at the points of a roughly equilateral triangle whose sides are sev- 
eral times the diameter of the pieces. Upon addition of acid, bubbles can be seen rising 
from the calcite, but none of these approach the other minerals. Shortly, however, numer- 
ous gas bubbles begin to grow on the galena while only rarely is a bubble to be seen on 
the quartz. In this experiment rapidity of precipitation and tenacity of adherence of bub- 
bles are enhanced by previous oiling of the solids, but oiling is not ordinarily essential to the 
behavior described, 


Formation of heavily-coated bubbles takes place by coalescence of lightly- 
loaded bubbles. Such coalescence results in reduction of bubble surface 
and consequent more complete covering of the surface of the resulting bubble 
by the double load. 


5. Pressure-reduction process 


Gas precipitation is brought about by reducing the external pressure upon 
a pulp that is saturated with gas. Processes utilizing this phenomenon are 
of two types, involving respectively pressures in excess of atmospheric (PLUS- 
PRESSURE) and less than atmospheric (vAcuUM). 


Plus-pressure process 


Sulman, Picard and Ballot (835, 479/1906). Pulp, oiled or otherwise, is pumped into a 
pressure tank and there subjected to a gas pressure of from 50 to 100 lb. per sq. in. for a 
sufficient time to allow saturation with gas. Pressure on the pulp is then released, when gas 
from the now supersaturated pulp precipitates preferentially on the metallic-mineral sur- 
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faces. The mineral-coated bubbles rise and form the characteristic coherent froth at the 
surface of the pulp. (See also 835,120/1906.) 

Norris (864,856 and 873,586/1907; 1,167,835/1916). Water saturated with gasat a 
pressure well above atmospheric is discharged into an oiled pulp at atmospheric pres- 
sure. The result is the same as in the preceding process. 


Vacuum process 


F. E. Elmore (826,411/1906). Pulp, mixed with a small quantity of oil, 
and acid or alkali if necessary, is passed into a vacuum apparatus. Under 
the reduced pressure the water is supersaturated and gas precipitates pref- 
erentially on the oiled sulphide minerals and raises them to the surface as 
a coherent froth. 


As practiced in the mills, the process was operated in a plant such as is shown in Fig. 10. 
Pulp ground to at least 0.5-mm. maximum size and containing about 50 per cent. solids was 
mixed in a tank (d) with oilin an amount generally less than 0.5 
per cent. on the ore, with or without acid, and thence was dis- 
charged into the feed pipe (a) of the separating apparatus. Here 
water was added to bring the pulp to a consistency of 15 to 25 
per cent. solids. The separating apparatus was a closed conical 
chamber fitted with a slowly revolving rake at the bottom, a 
tailing-discharge pipe (b) at the periphery and a concentrate- 
discharge pipe (c) from near the apex. The separating chamber 
was attached to a vacuum pump. The lower ends of pipes © 
(b) and (c) were sealed by causing them to discharge below the 
surface of liquid in tanks as shown. The vertical lift in the pipe 
(a) was about 25 ft. and the vertical length of the pipes (6) and 
(c) was somewhat over 30 ft. A vacuum of 20 to 27 in. of mer- 
cury was maintained. Under the influence of this vacuum the 
pulp fed into pipe (a) passed up into the separating chamber. 
Here air was precipitated at the surfaces of the sulphides 
and the bubbles raised the particles through the liquid in the separator to the apex where 
they overflowed into an annular launder and passed down pipe (c). At the same time 
the tailing was slowly scraped to the periphery of the floor and passed down pipe (b). The 
rate of flow in pipes (a) and (b) was so regulated that the pulp level was maintained slightly 
below the overflow lip. 

The capacity of a 5-ft. separator was from 25 to 50 tons of ore per day. Re-treatment of 
concentrate was not ordinarily necessary. Power consumption per pan was well under 
5 hp. for mixer and vacuum pump together. 


Fria. 10.—Elmore va- 
cuum plant. 


Table 7. Results of laboratory tests with Elmore vacuum process 


Reagents Metallurgical results 
eMe poems Assays, per cent. lbPationiRecovs 
Name per 5 a ery, 
ton +. |Concen- ea aes 
Feed | Tail 
e ailing Toes tration! cent. 

: PVOSUMTOll cish pales uyarienntyeceos ERR 13.45 | 1.47 | 41.90 3.4 92.53 
Snort tesOs <. fs... Hee oe Piet iad aly tke gee DA I Rs 
Copper.. Coal-tar CLEOSOUG a oeieeicen 6.2 2.12 119" | 3246 33.9 45.4 
Copper: WROSINVOM tenons oe cae wee 3.0 2.49 1.16 | 39.38 | 28.7 55.0 
Tine Oleievacids SBE. MASAI), es COA MME Re tant aS kai Dec Se kaee Dats eee eee ew, eeNea ee ae 

eS Oke tar iy sactewen. yeh isess 18.8 13.40 1.43 | 41.38 3.35] 92.5 
ZINC wai Amyl acetate. SPRICH BRS oi kees Sane 5.4 ESO | Oued 47.90 5.7 61.4 
Fines. WD PACALEN SeOll lates seen eetene 726 14.43 Boor 53.00 4.3 86.4 

H5SOG.008:per cent, solution: J<...00l|ecenoenie cas tloo ca sustiete tiene 

; Cotton-seed oil............ 5.6 | 11.95 | 0.98 8 | 93.9. 
Va : 42.90 3.8 ; 

M HoSOx,, O11 8ipen cent. colutionnh -... saruallsiesreen cst, seston = sau c nees eel : 2 3 
Zine. . {| Cotton-seed oil..........-. 1.5 | 12.80] 1.80 | 43.55 |" 3.8 '|"'g9,7 
HeSO4,,0:38 pericent.solution sapere clhsas ons sun scesusutieholieaioras.s cles tet: y 5 


Art. 5. 


Development of the vacuum 
process was stopped by the intro- 
duction of the agitation-froth proc- 
ess but it is probable that if the 
same amount of work had been 
expended in attempts to make the 
vacuum process highly efficient, as 
was spent in bringing theagitation- 
froth process to its present degree 
of efficiency, the results wouldhave 
been equally favorable. Slimes 
are easily treated, if sufficient agi- 
tation with proper agents precedes 
the vacuum treatment, but granu- 
lar sulphide is most easily treated 
out of the presence of slime. 
Table 7 presents results attained 
in the laboratory. The copper 
ore was of much lower sulphide 
content than the zinc, which to 
some extent explains the poorer 
recovery. Table 8 is a summary 
of parts of mill operations extend- 
ing over several months. Mixing 
was performed in the apparatus 
shown in Fig. 10 at about 50 per 
cent. solids. Sizing-assay tests on 
composites of the feed and prod- 
ucts of the run shown on the last 
line but one of Table 8 are given 
in Table 9. Improvement in 
metallurgical result should follow 
finer grinding, although the small 
amount of total copper present in 
the coarser sizes might not pay 
the increased grinding cost. 

At Zinc Corporation (88 J 
205) the feed to vacuum machines 
contained 20 per cent. Zn, 5.75 
per cent. Pb and 8 oz. Ag per long 
ton. Concentrate assayed 43 per 
cent. Zn, 11 per cent. Pb and 17 
oz. Ag.; tailing 3.5 per cent. Zn, 
2.2 per cent. Pb, and 2.2 oz. Ag. 
Acid consumption varied from 10 
to 20 lb. per long ton; Texas fuel 
oil, 6 to 8 lb. per ton. Cost of 
flotation alone (1909) was $0.55 to 
$0.60 per ton. Claudet (103 J 786) 
says that a standard unit will treat 
35 tons of — 10- or — 20-mesh Mo- 
LYBDENUM ORE per 24 hr., using a 
small quantity of coal oil (kero- 
sene) and that molybdenite floats 
preferentially to pyrite and pyr- 
rhotite. Slime is overflowed be- 
fore flotation. At KviNna MINES, 
Norway (19 CMI 127) feed assay- 
ing 0.8 to 1.0 per cent. MoS: pro- 
duced concentrate containing 75 
to 85 per cent. MoS:, representing 
80 per cent. recovery. 

Schiechel (1,212,566/1917) rec- 
ommends a number of vacuum 
machines in series, with vacuum 
increasing from first to last. 


Callow (1,176,428/1916). Use 


Results of mill operations with Elmore vacuum machine on copper ore 


Table 8. 
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L, Lewis 


C, Chatham tar, coal tar. 


P, Steam-distilled pine oil. 


8F, Blast-furnace oil. 


R-19, Reilly No. 19, coal-tar creosote. A, Crude kerosene. 


B-635, Barrett No. 635, coal-tar creosote, low tar-acid content. 


x Abbreviations: 


tar, coal tar. 
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Table 9. Sizing-assay test of feed and products, Elmore vacuum operation 


Feed, per cent. Tailing, per cent. 
Tyler, —- 
mesh 
Weight Assay, Cu | Total Cu Weight Assay, Cu Total Cu 
28 7 0.83 0.7 1.5 0.81 1.6 
35 3.7 0.92 1.8 3.5 0.88 3.9 
48 6.0 1.04 3.3 5.9 0.96 7.2 
65 9.7 L226 6.4 10.0 1.03 ash 
100 13.0 1.81 12.3 14.5 Oras, 14.2 
150 8.9 2.21 10.3 9.2 0.46 5.4 
200 9.8 2.538 13.0 12.5 0.39 6.2 
— 200 47.2 Br bib 5222 42.9 0.89 48.4 
Concentrate, per cent. Recovery in concentrate per cent. 
Tyler, 
mesh 
Weight Assay, Cu Total Cu Individual Total 
28 One ; 
35 0.2 8.02 0.2 2.74 0.14 
48 0.9 
65 4.0 23.88 2.4 21.28 1.42 
100 Naa | 37.46 15.9 62.59 9.51 
150 1253 43.39 13.2 78.62 7.92 
200 19.8 47.41 23.2 84.88 13.93 
— 200 45.6 39.93 45.1 58.17 27 .02 


of a partial vacuum over a flotation pulp, but the flotation accomplished is not the work of 
the reduced pressure and the process is not pulp-body type. 

Colburn and Colburn (1,226,062/1917; re-issue 14,497/1918; 1,226,063/1917; 1,415,314 
/1922). In an agitation-froth process, agitation of the pulp in a partial vacuum in the cham- 
ber of a centrifugal pump. This is nothing more than a statement of the known conditions 
existing in centrifugal pumps and is no departure in principle from other agitation-froth 
machines, as will be seen later. 

Eldred and Graham (1,515,942/1924). A vacuum apparatus for use with unoiled car- 
bonaceous pulps, especially graphite, so arranged that the floated particles, upon reaching 
the pulp surface and losing their bubbles sink again and are caught in a concentrate-receiving 
compartment that discharges through a barometric leg. 


6. Boiling process 


This process uses heat to cause supersaturation and selective precipita- 
tion of gas from the water of a pulp, with the usual coherent-froth formation. 
The phenomenon is effective both with and without added oil. Actual 
boiling is not essential. 

Potter-Delprat process (Art. 4) is strictly a boiling process, although as operated in 
Australia it was a chemical-generation process. 

Sulman (835,143/1906). Pulp, oiled by agitation, and with or without acid, is heated 


to a high temperature. The process works best with de-slimed, highly-mineralized ores 
It is not economical and has not found commercial application. : 


7. Agitation-froth process 


This process depends upon local supersaturation of the water of a pulp 
with air by the mechanical action of a swiftly revolving beater, and the simul- 
taneous preferential precipitation of the air in the form of bubbles on the 
metalliferous particles. Agitation-froth machines consist essentially of an 
agitation chamber in which a stirrer mounted on a vertical spindle rotates 
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at high speed, and a froth-separating compartment in which the pulp is allowed 
to come to rest and the bubbles carrying the metalliferous mineral rise to the 
surface to form a froth which is skimmed off. The pulp in the agitating com- 
partment, under the influence of the rotating agitator, is thrown from the 
center toward the side of the chamber. The result is that the surface of the 
pulp assumes the shape of an inverted cone. When the cone becomes so 
pronounced that the tip reaches down to the revolving beater arms, the tip 
is cut off and a large bubble of air is entrained. This bubble is immediately 
broken up into a large number of small bubbles by the direct impact of the 
impeller arms and by the violent swirling of the pulp. These bubbles, due to 
their minute size, are in the most favorable state to be taken into solution, and 
many of them are, at the time of their formation, subjected to considerably 
more than atmospheric pressure, due to the impact of the impeller blades. 
They have, also, on account of their small size, but slight vertical motion rela- 
tive to the pulp mass, and are, therefore, kept for a comparatively long time 
in contact with the water and subject to the impact of the impeller blades. 
As a result, some of the air goes into solution in the water. At the same time 
there exists behind each impeller blade a volume of pulp on which the pressure 
is reduced by reason of the forward movement of the blade and the inertia 
of the pulp mass. Here air comes out of solution at the surfaces of the sul- 
phide particles in the form of bubbles. The excess bubbles that never go 
through the solution stage, in this, as in the other pulp-body concentration 
processes, in part coalesce with the bubbles already formed on sulphide sur- 
faces; in part pass with the pulp into the froth-separating chamber and there, 
rising, add buoyancy to the froth; in large part, however, they rise to the 
surface of the pulp in the agitating compartment and are lost to the process. 


Theory of the agitation-froth process 


Experiments illustrating the various steps in the preceding statement 
follow. 


Gas precipitation by agitation. If a square-glass-jar agitating machine is provided with 
horizontal baffles fitting as closely as possible around the shaft and against the walls and 
placed just below the water level, when agitation is started no vortex forms and there is no 
introduction of air from the surface. If, however, the rate of revolution of the impeller 
is gradually increased, a speed is finally reached at which the liquid in the vessel becomes 
cloudy, showing the presence of finely-divided gas bubbles. When agitation ceases, air 
bubbles collect under the baffle plates. If these bubbles are released by tilting the plates 
and the impeller is again started, a higher speed must be reached before gas again precipi- 
tates, provided the temperature of the water has remained the same. Increase in tem- 
perature from 12° C. to 30° C., the heating being accomplished on a water bath without 
stirring, lowered the critical speed of gas precipitation with a 3-in. impeller from 1535 to 395 
r.p.m. When heating to the same temperature was done by an electric heater, on which 
much gas precipitated during heating, the critical speed was 940 r.p.m. Adding pine oil to 
the water (0.006 per cent.) lowered the critical speed at 12° C. to 980 r.p.m. 

Vacuum produced by agitation. In the apparatus described in the preceding paragraph 
an opening in the back of one of the beater blades, near the tip, was connected to a vacuum 
gage by a conduit within the blade and by a hollow shaft with a stuffing box at the top. 
Pressures were read at different speeds with the results given in Table 10. At the higher 
speeds the vacua recorded were well below those actually existing, because of the fact that 
air coming out of solution behind the blades broke the vacuum by passing into the hole in 
the beater arm. 

Effect of agitation on froth formation is shown in Table 11. The critical speed for the 
laboratory Gabbett apparatus at -+ 30° C. lies between 310 and 380 r.p.m., but at this 
speed the rate of precipitation of gas was so slow that 75 min. was required for frothing to 
start. At 380 to 420 r.p.m. fair concentration was attainable in 70 min., but at 40 min. it 
had not started. Compare these results with those in tests 10 to 13, representing the normal 
speed range for this machine. The speed at which froth production begins corresponds 
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with that at which gas precipitation begins in the square-glass-jar machine of corresponding 
size. 

Attachment of air bubbles to mineral particles in a pulp. No appreciable 
part of the froth formed 
in theagitation-froth proc- 
ess is made by attach- 


Table 10. Suction behind blades of the impeller of an 
agitation-froth machine 


Revolutions | Vacuum Revolutions | Vacuum ment of coursing air bub- 

per minute eerie per minute Pere ees bles in the pulp to mineral 

of impeller aieedury of impeller ierchry? particles therein, but sub- 

stantially all air-mineral 

370 0.22% 1380 4.4 attachment is effected by 

ae ape : hes pr precipitation of gas from 

685 0.68* 1700 6.8 solution onto sulphide sur- 
740 0.9 1810 7.5 faces. 

850 1.3 1865 7.8 

955 1.6 2070 3.7 To prove that lack of froth 

1060 23 2300 9.6 production in tests 1 to 3, 

1170 2.9 2610 10.9 Table 11, was not due to lack 

1275 36 of air bubbles introduced at 

| the lower speeds, these tests 

. were repeated with air intro- 

* Calculated from observations on water gage. duced in very fine bubbles at 

Temperature + 20° C. the bottom of the machine 


Aga ‘ ’ through a carborundum thim- 
ble, agitation proceeding as before. No difference in result was observable. Yet with 


no pulp present the water in the machine was clouded with a myriad of minute air bubbles. 

The same failure of coursing bubbles in a pulp to adhere to sulphide particles is shown by 
another experiment. In a Gabbett mixer, the baffles were held in place by a metal ring 
fitting against the inside of the glass wall. At places there was sufficient space left for a 
bubble to catch between the ring and the wall. When this occurred large numbers of par- 


Table 11. Effect of agitation on froth formation in agitation-froth process 


Test genet er. Duration, Temperature, Froth, Segregation of 
number ie acer minutes degrees C. inches sulphide(a) 
1 170— 235 75 34-30 0 0 
2 265-— 320 75 32-29 .5 0 Very slight 
3 310- 320 15 31-30 0 Slight 
3 continued 310-— 370 30 31-29 0 Slight 
3 continued 310-— 370 45 31-28.5 0 Slightly increased 
3 continued 310- 370 60 31-28 0 Slightly increased 
3 continued 310- 380 75 31-27 .5 14 Partial 
4 380- 390 25 31-30.5 0 Very slight 
4 continued 880— 390 40 31-30 0 Very slight 
4 continued 380— 400 55 30-29 .5 Ho Partial 
4 continued 880-— 420 70 29 .5-29 4% Fair 
5 455-— 480 10 28 0 Slight 
5 continued 455— 500 20 28 V6 scum Partial 
5 continued 455-— 500 30 28 3% Fair 
6 540- 590 25 28 Yy% Fair 
7 680— 710 20 GRD 4% Fair 
8 700-— 720 18 29 4% Fair 
9 835- 850 11 28 4% Fair 
10 900-— 940 7 23-5 % Fair 
11 1040-1100 6 28 % Fair 
12 1270-1300 3 28 4% Good 
13 1650-1660 2.5 28 34 Good 


Laboratory Gabbett-mixer (see Fig. 11). Zine ore, 18.7 per cent. Zn. 18.8 

0 : - g f . j b. , ti er t. 
solids. Oleic acid, 3.0 lb. per ton; H2SOq, 36.6 lb. per ton. (a) Degree indicated Ky mh tooth 
in color of settled solids from gray to white and actual appearance of agglomerates. 
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ticles of both gangue and sulphide could be seen to shower against the stationary bubble 
(this was particularly easy of observation with a de-slimed ore), but no particles adhered on 
a direct hit. Occasionally particles were caught in the solid angles formed between the but- 
ble and the walls of the machine, and some of these eventually. were pressed sufficiently 
hard against the bubble by the weight of the particles above, and held there for sufficient 
time, to effect attachment, so that when they eventually slid around the bubble they adhered 
to the bottom. But such particles formed an infinitesimal minority of the particles pre- 
sented at the bubble surface by the swirl of the pulp. 


The froths produced in pulp-body concentration processes are small- 
bubble, coherent and persistent, and characteristic. The volume of gas 
effectively utilized in floating the mineral is of the order of 20 to 50 cu. ft. 
per cu. ft. of solid floated. There is marked concentration of oil in the froth. 


At Uran Copper Co. oil analyses of the feed and products of a Janney mechanical 
machine gave results shown in Table 12. 


Table 12. Distribution of oil in products in agitation-froth process 


Oil analyses, pounds per ton 
Oil (a) added 
per ton, 
pounds Feed (6) |Concentrate} Middling Tailing 
1.65 0.71 PTS OG ds Gi a oye sr 1.40 
er 5) 1.28 TORO ce ee now sine Me 1 er 
©6 56 1.30 VS ene ke Soe ail Ole, ERS SOO 3.96 
12.94 0.96 fei NO ings leew. ay mune 4.36 
21.00 1.48 64.00 12.60 1.96 


a 89 per cent. fuel oil, 10 per cent. coal-tar creosote, 1 per cent. pine oil. 6 Sampled 
ahead of point of oil addition. Contained oil is from circulation of middling. 


8. Apparatus for agitation-froth process 


The agitation-froth process was first introduced commercially in 1906, 
in Australia, but the results there obtained were little, if any, superior to 
those attained by the Potter-Delprat, DeBavay and Elmore vacuum processes, 
working on the same ores, and it was not until after the invention of the Hoover 
apparatus (953,746/1910) that the process became in any way dependable or 
generally useful. Patents have been issued covering a great variety of 
apparatus and reagents for the practice of the process. The principal appa- 
ratus ate arranged below. For reagents recommended see Art. 16. 


Sulman, Picard and Ballot (835,120/1906). 
Pulp with oilin an amount less than 1 per cent. 
on the ore, with or without acid and with or 
without added heat, isagitated with such inten- 
H sity and for such a period of time as will result 
in passing through solution in the water and 
precipitating preferentially on the metalliferous 
mineral a sufficient volume of gas to float the 
major portion of the mineral. If the agitation 
is insufficient in intensity to cause gas precipi- 
tation, although sufficient to entrain air, po 
duration of agitation will be sufficient to cause 
flotation. The oil used must be to some extent 
soluble in the water of the pulp in order to 
spread at air-water interfaces and reduce sur- 
face tension. If it does not spread or reduce 
surface tension (the alternative expressions 


Qe Sess 


? y NM? are equivalent 1n this connection) no frothing 
and hence no concentration result. 
Fria. 11.—Apparatus for process of pat- Apparatus described by the patent is shown 


ent 835,120 (from patent drawing). in Fig. 11. Dry ore was fed into the agitat- 
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ing vessel (A) by belt (D) from hopper (C) together with oil from pipe (F) and water and 
acid from pipe (Z). Following agitation, the aerated pulp was discharged through pipe 
(H) and passed in a thin sheet over apron (0) into spitzkasten ( K) fitted for introduction 
of ‘‘ hydraulic ”’ water in the several compartments. (See Sec. 6, Art. 1.) Froth over- 
flowed the lip ( K2) and tailing of increasing fineness was discharged from goose-necks 
(M1), (M2) and (M®°), in order. This apparatus is effective only on highly mineralized 
ores with oils that form heavily-loaded bubbles and the stiffest kind of coherent froth. It 
fails utterly to produce more than film flotation under other circumstances, because of 
the fact that the froth is broken up by surface tension at the large free-water surface 
on the apron and spitzkasten. For commercial apparatus see Fig. 14 and the descriptions 
therewith. 

Hoover (953,746/1910). Fig. 12, taken from the patent, is sufficiently explanatory of 
the principle of the apparatus. (D) and (Z) are oil and acid cans respectively. The 
stirrers operate at 1200 to 1800 ft. per min. per- 
ipheral speed. The close coupling of the agitation 
chamber with the spitzkasten and feeding of the 
agitated and aerated pulp below the surface of the 
pulp in the spitzkasten were the secrets of the suc- 
cess of this apparatus. 

Hoover (979,857/1910) described an apparatus 
for the necessary re-treatment of tailing from the 
first flotation operation. This apparatus is shown 
in Fig. 13. Unfinished tailing or middling from the 
first spitzkasten (O’) is pumped through pipe (Q’) 
into agitating compartment (Z3) and, after agita- 
tion, passes through the slot shown into another 
agitating compartment (L4) and thence into spitz- 
Fie. 12.—Hoover apparatus for kasten (0%) for further froth separation. This re- 

agitation-froth process. treatment is multiplied as many times as desired by 
multiplication of agitating compartments and spitz- 

kasten. Pulp is maintained at a constant level in all the spitzkasten by the pipes (R), 
equalizing tank (S) and overflow pipe (S’). Any deficit of water is made up from faucet (T). 

This patent has all of the essential elements of the present standard Minerals Separation 
machine except the mechanical froth skimmers which do away with the necessity for main- 
taining a pulp overflow from the spitzkasten. Many variations in the baffle over the 
inlet from agitation chambers 
to spitzkasten have been used 
and many forms of impeller. 
These are illustrated in part in 
the following figures, 


Minerals Separation ma- 
chine is shown in Fig. 14. 
The machine is installed as 
shown in the figure with 
agitators and froth-separa- 
ting boxes on the same 
level. It consists essentially 
of the agitating compart- 
ment (a) and froth-sepa- 
rating compartment (b). 
The agitator, which is of 
the four-armed cross-type, 
with blades inclined 45 degrees, is placed close to the bottom of the agitat- 
ing compartment and is carried on a vertical spindle (c), driven through enclosed 
bevel gears from a horizontal line shaft. End thrust is lessened by opposing 
the bevel gears on the shaft. Noise and power consumption are decreased 
by using bronze gears. Feed pulp is introduced into the first agitating com- 
partment, or may be passed first through one or more agitating compartments 
without froth-separating boxes, corresponding to the emulsifiers of the J anney 
machine. The pulp, after agitation and aeration, is thrown out through the 


Fia. 13.—Hoover apparatus for repeated treatment. 


‘der the influence of 
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slot (d) into the froth-separating compartment, entering at a point about six 
inches below the pulp level. The tailing from the froth-separating compart- 
ment passes through : 

pipe (e) into the bot- dirtier Satict of 

tom of the next agita- 
ting compartment, un- 


the pumping effect of 
the agitator therein. 
The rate. of flow is 
regulated by means 
of valve (f) actuated 
by hand wheel (g). 
Froth is removed by 
means of the revolv- 
ing scraper (j). From 
6 to 20 agitating com- 


partments been ie aie Fig. 14.—Minerals Separation 12-in. standard machine. 
each with one froth- 
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_ separating compartment, comprise a unit. 


The size of a unit is indicated by the distance tip to tip of the impeller blades and the 
number of compartments in series. The usual impeller sizes are 12-in., 18-in., and 24-in. 
These machines have rated capacities of 50 tons, 300 tons and 600 tons respectively per 24 
hours on silicious ores in pulps containing 25 per cent. solids. Average actual capacities are 
about 2, 12, and 25 tons per cell per 24 hours on such a pulp, with a diminution in capac- 
ity with decrease in percentage of solids about proportional to the increase in volume of 
pulp. The power consumption per agitator is 1.5 to 3 hp., 2.5 to 5 hp., and 3:5 to 10 hp., 
for the three sizes respectively, depending upon the speed of the impeller and the tonnage of 
pulp passed through. The usual peripheral speed is from 1500 to 1800 ft. per minute. 
The so-called low-level machines, which carry a relatively low pulp level, consume about 60 
to 70 per cent. as much power as the standard machine. 

Impellers are made of cast iron, cast steel, manganese steel or, in cases of acid copper 
pulps, of brass or bronze. Life ordinarily is from six months to two years. The agitating 
compartment is lined with hardwood or cast iron, Life of liners is usually between one and 
three years. 

The minimum of attendance necessary is illustrated by practice at ANACONDA and 
InsprraTion. At the former mill four men handle eight M.S. standard machines treating 
3000 tons copper ore per 24 hr. At Inspiration one man could handle two 800-ton sections 
containing two 10-compartment and four 6-compartment machines. (46 A 677.) 

Performance. At Rrocin mines, Spain (115 J 398) a 12-in. 12-compartment standard 
machine at 500 r.p.m. consumed 17 hp. when treating 200 tons per 24 hr. This is 11.8 tons 
per hp. or 1.52 kw.-hr. per ton. At Sr. Joseru Leap Co., Leadwood mill (57 A 433), one 
23-cell 24-in. standard machine at 335 r.p.m. consumed 83 hp. and treated 540 tons per 24 hr., 
making 6.5 tons per hp. or 2.7 kw.-hr. per ton. At Frperan Lyap Co. (57 A 874) a local 


‘form of M.S. machine with 24-in. agitation compartment and 18-in. agitators consumed 4 


to 4.5 hp. per spindle at 280 r.p.m. Increase in speed increased extraction somewhat but 
increased power consumption out of all economical proportion. Twelve to 24 compart- 
ments in series were used. At Mounr Morgan, Australia (102 J 755) a 6-compartment 
24-in. standard machine drew 55 to 60 hp. at 295 r.p.m. when treating 100 tons per 24 hr. of 
—48-mesh pyritic copper-gold ore or 10.8 kw.-hr. per ton. At Cauumnr anp Hycra 
(108 J 9) a 16-cell 24-in. standard machine handles 400 tons of thickened mill slime per 24 
hr. At Suan Concession, Korea (119 P 843) 250 tons per 24 hr. was sent through one 
8-compartment 24-in. primary rougher, the first compartment having no spitzkasten. 
Stirrers were 21 in. tip-to-tip, driven at 285 r.p.m. by a 60-hp. motor, or 4.3 kw.-hr. per ton. 
A froth paddle of 6-in. radius made 24 r.p.m. It required 18 to 25 min. for pulp to pass 
through the machine. Crowding boards were used on the last three spitzkasten. Froth 
from the first six boxes went to an 8-compartment 18-in. cleaner with 12-in. stirrers driven 
at 390 r.p.m. and consuming 15.7 hp. The time required for pulp to pass this machine was 
18 to 30 min. Total power consumption in flotation alone (1917) was 6.537 kw.-hr. per ton. 
At Catemu (123 P 928) a 12-compartment 18-in. machine drew 30 hp. when treating 75 
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tons of slime per 24 hr. or 7.2 kw.-hr. per ton. At SwANsEA, Ariz., a 16-cell, 18-in. low-level 
machine required 3.4 hp. per spindle. } ; 
Smith (1,056,952/1913). Launder devices for regulating feed and discharge of spitz- 
kasten. 
Smith (1,058,111/1913). Agitator on horizontal shaft in enclosed chamber. See Fig. 15. 
Hebbard (1,064,209/1913). Multiple, stag- 
gered-spitzkasten, single-level, non-circulating, 
vertical-spindle machine. Es 
Broadbridge and Howard (1,084,096/1914). 
Multiple agitators, two toaspitzkasten, single- 
level, non-circulating, vertical-spindle machine. 
Partitions between spitzkasten are submerged 
beneath the pulp surface allowing a contin- 
Fic. 15.—Horizontal-shaft agitation- uous froth layer over all spitzkasten. Not 
froth machine (Smith, U. S. pat. used commercially. 
1,058,111, 1913). Howard (1,084,210/1914). A variety of 
eiite ‘ forms of vertical-spindle impellers and of meth- 
ods of baffling in the agitation compartment to increase turbulence. No commercial forms. 


Janney (1,167,076/1916). Multiple, pyramid, circulating, vertical-spindle 
machine. This is the best of the agitation-froth machines. Fig. 16 s’ ows 
it in the form introduced in the mills. It consists essentially of an agitating 
compartment (a) with two froth-separating compartments (b). In the usual 
and best form the agitator shaft is an extension of the spindle of a 6-hp. ver- 
tical motor, 570 r.p.m. It carries two four-armed impellers with blades set 
at 45°. The agitating compartment is circular and contains four baffles 
extending slightly more than 


one-half the distance from 2s 
the bottom toward the top. — ie S8 a 
nee tle lager tinee oS ee ae ee “lS 
K-- $7" ->k-2+6 > 4-72} fs 
peller are shorter than those | Pa Bee | see 
of the upper in order to clear | pyunloader| | | aes 
these bafHles. Feed is intro- | fj ce pes 88 
duced through the side of the GOR. 
agitating compartment, near Le Bee 
the bottom, by means of a ¥IRe Floor 


pipe; is thrown out through 


the channels at the top on ; A ; ; «240 
each side of the agitator com- paneled jak anes ae nome 
partment, and is introduced, CROSS-SECTION. 


by means of the submersion iq, 16,—24-in. Janney mechanical machine. 
blades (d) slightly below the 


level of the pulp in‘the froth-separating compartments. In general, several 
machines are installed in series. Tailing leaving the first compartment passes 
through an opening (e), regulated by means of the valve rod (f), into the 
froth-separating compartment in the succeeding machine. The froth- 
separating compartments are divided to within about a foot of the overflow 
lip by means of a wall (g). From the bottom of the two compartments thus 
formed, pipes (h) lead back to the agitating compartment. Pulp, entering 
the first or upper of these two sub-divisions in a given froth-separating com- 
partment, is drawn upward into the agitating compartment, thrown over 
the top into the froth-separating compartment and falls back, a part on each 
side of divider (g). Practically all of that which falls back on the upper side 
of the divider is again drawn up through the pipe from that compartment into 
the agitating compartment. A part of that which falls on the down-stream 
side of the divider (g) is also drawn back into the agitating compartment. 
Thus a part of the pulp is circulated in each machine and subjected to agita- 
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tion and aeration more times than would be the case if the flow were alter- 
nately through successive agitating and froth-separating compartments. 
Froth is skimmed by means of the eccentrically driven unloader (j) which is 
operated by means of a small independent motor. The series of machines is 
sometimes preceded by one, two, or three agitating compartments built with- 
out froth-separating compartments, called mMuusiriers. Flotation agents 
are added to the pulp entering the emulsifiers. Additional flotation agents 
are added, if necessary, through the oil funnel (m) and pass through the oil 
pipe (n) inte the circulating pipes (h). A multiple arrangement of feed, 7.e., 
with incoming pulp stream split between the first three or more cells is ordina- 
rily used where it is desired to make a finished concentrate on the early cells 
and to circulate the froth from the later cells back to the head of the series. 
A series arrangement with all of the feed stream entering the first cell is used 
where the froth taken from the various froth-separating compartments is 
cleaned on other machines. 

From five to fifteen agitators, each with two froth-separating boxes and 
preceded by one or two emulsifiers, comprise a unit. The size of a unit is 
indicated by the diameter of the agitation chamber and the number of single 
machines in series. A 24-inch, 16-compartment unit cousists of one or two 
24-in. emulsifiers followed by 16 agitating compartments with cross-armed 
impellers, the upper impeller 20 in. and the lower 1414 in. tip-to-tip, respect- 
ively, and 382 froth-separating boxes. The capacity of such a machine 
depends upon the percentage of solids in the pulp, the number and diameter 
of impellers, and the character of the ore. 

On a silicious, sandy copper ore in pulps carrying from 10 to 28 per cent. solids, a 13- 
compartment, 24-in. machine at Urau Copper Co. had a capacity of from 150 to 550 tons 


per 24 hr., the relation between tonnage and percentage of solids being represented by a 
straight line. 


Decrease in the number of cells in series will mean a corresponding and 
almost proportionate decrease in capacity, if the same grade of concentrate 
and percentage of recovery are to be maintained. There will also be a decrease 
in capacity if a slimy feed replaces a sandy feed. This is due principally to 
the fact that such a feed must be treated in a pulp containing a lower per- 
centage of solids and that consequently the bulk to be passed thr pugs the 
machine for a given tonnage of solid is in- 
creased. The decrease in capacity is about 
in proportion to such increase in bulk. 


On— 80-mesh lead ore, an 8-cell 24-in. machine at 


Frpreraut Leap Oo. handled 500 tons per 24 hr. in a bs aa 
pulp containing 20 per cent. solids. At AMERICAN DPD 


Zinc, LEAD AND SMELTING Co. mill at Mascot, Tenn., f ; - 
a 7-cell 24-in. machine treated 170 tons per day of Fic. 17.—Horizontal-spindle agi- 
— 35-mesh zinc orein a pulp containing 33 per cent. tation-froth machine. 


solids. The power consumption of a 24-in. machine 
is approximately 6 hp. per agitator. The machine is usually run 
at a peripheral speed of 3600 ft. per min. 

Eberenz and Brown (1,187,822/1916). Horizontal-spindle, 
circulating machine. See Fig.17. The impeller arms carry sev- 
eral spaced blades for the purpose of increasing agitation. 

Mishler (1,197,843/1916). Several impellers on a horizontal 
shaft, each working in a closed agitation chamber at the apex 
of a spitzkasten. Compressed air supplied to pulp in the 
agitation compartments. Discharge into a spitzkasten by over- 
flow of a standpipe above the agitation compartments. 
Fie. 18.—Mishler flo- (Fig. 18.) 

tation machine. Janney (1,201,053/1916). Multiple, vertical-spindle, single- 
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level, circulating machine, differing from that described in patent 1,167,076, in that suc- 
cessive units are on the same level. : F 

Brittain (1,224,066/1917). Multiple, vertical-spindle, single-level, non-circulating. 
Agitation and froth separation in the same chamber. Vertical disturbance of the surface 
is prevented by a feed conduit with bottom discharge placed 
directly above the impeller (see Fig. 19). Entering pulp flows 
successively through (8), (4), (10) and (11) to the impeller 
and, these passages being only partly filled, air likewise enters 
and is beaten in by the impeller in the usual fashion. Aerated 
pulp, discharged at the periphery of the impeller rises in (1), 
froth overflows lips (15) into concentrate and middling laun- 
ders (19) and (20). Tailing discharges through openings (5) 
into ducts (8) leading to adjacent compartments fcr re- 
treatment. 

Colburn and Colburn (1,226,062, 1,226,063/1917; re-issue 
14,497/1918; 1,415,314/1922). Special centrifugal pump as 
agitator with regulated air inlet into a submerged feed pipe 
and discharge below the surface of pulp in a spitzkasten. 
Agitation in a vacuum is claimed, but the vacuum effect is 
¥Fic.19.—Brittain flotation probably no greater than in the usual open type of agitation- 

machine. froth machine. See Fig. 20. 
Norvell (1,243,093/1917). Vertical-spindle agitator. 
Agitation compartment suspended on the center line near the top of a V-box froth- 
separating compartment with discharge of pulp thereinto below the surface of pulp in the 
box. 

Saffold (1,256,263/1918). Multiple, cross-bladed, vertical-spindle agitator mounted in 
a closed, compartmented vertical cylinder, the discharge ports for agitated pulp opening 
below the surface of the pulp in a conical or pyramidal spitzkasten. Also aeration through 
a perforated pipe at the bottom of a cylinder at the center of a spitzkasten with discharge 
of aerated pulp through ports in the side of the cylinder below the overflow level of the 
spitzkasten. 

Pearce (1,277,750/1918). Multiple unit: vertical-spindle, cross-bladed agitator in square 
agitation compartment with a horizontal partition directly above the agitator blades and 
central opening around the shaft for pulp inlet. Direct centrifugal discharge from the agi- 
tating compartment into the apex of the spitzkasten with froth overflow at the side farthest 
from the pulp inlet and tailing discharge by overflow directly above the pulp iniet. (See 
Fig. 21.) 


ELIAS 
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see 


Fre. 20.—Colburn flota- i'tc. 21.—Pearce flota- Fie. 22.—Lyons and Haft 
tion machine. tion machine. froth cutter. 


De Mier (1,308,049/1919). Multiple unit: series flow. Vertical-spindle machine of 
substantially the standard Minerals Separation single-level type, but with two spitzkasten 
to each agitator. Cribbed agitating compartments are suggested. : 

Boggs (1,324,791/1919). Horizontal spindle with multiple, eross-bladed, 45-decr: 
impellers mounted in the bottom of a long trough with feed at one end and tailing disch:a: 
at the other end of the trough. : 

Lyster (1,352,072/1920). In aseries of centrifugal-pump agitators and spitzkasten, wit! 
air-valve control of the feed rate to the pump from the apex of the preceding ditekdsten. 
a float in the spitzkasten automatically regulating the valve on the air-supply pipe. 

Lyons and Haff (1,389,674/1921). In an agitation-froth machine of the Minerals 
Separation type, (Fig. 22), a floating froth cutter (47) regulated by float (48) to send the 
lower layer of overfiowing froth to a middling launder (54) and thence by pipe (38) to cham- 
ber (39) under a false bottom in a preceding spitzkasten, there joining the tailing from this 
spitzkasten and thence by oblique pipe (50) to agitation chambers of the adjacent succeed- 


] 
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ing spitzkasten. Any excess middling from chamber (54) flows through slot (41) to mid- 
dling launder (32), there joining similar products from other spitzkasten and being returned 
by a bucket elevator or the like to the head of the machine. Coarse tailing from any spitz- 
kasten discharges by sand-hole (56) into chamber (39); fine tailing overflows weir (51) at 
the tailing side of the spitzkasten into a channel leading to chamber (39). 

Shimmin and Bushnell (1,402,099/1921). A modification of Janney (1,167,076/1916 and 
1,342,115/1920), in which an open-ended prism is so supported in the agitation chamber 
as to form an annular space and the direction of rotation of the impeller is such as to force 
pulp down through the inner space and up through the annular space and thence into the 
froth-separating compartments. 

Eberenz (1,505,324/1924) describes a type of horizontal-spindle machine, pictured with 
submerged blades, but, of course, not so operating. The agitating compartment is sealed 
against the atmosphere and injection of a gas such as hydrogen sulphide with an inert gas 
such as carbon dioxide, nitrogen, and the like is contemplated. 

Kleinbentink (1,539,746, 1,557,369/1925) describes a circular machine in which a central 
agitating compartment in the shape of an inverted conical frustum, containing a pump- 
bladed impeller on a vertical axis, is surrounded by a flaring-sided froth-separating com- 
partment with peripheral overflow, bottom-fed from the agitating compartment and feeding 
back thereinto through ports above the impeller and above the outlet ports. The appa- 
ratus is described principally for coal treatment but the claim names ores also. 

Hydrotator flotation machine (Fig. 23) is essentially an agitation-froth machine using 
the centrifugal pump (a) with air 
inlet (b) and oil inlet (c) for agi- 
tation. Feed enters at (d), pulp 
is withdrawn through pipe (e), fox 
passes through the pump and ‘ guare tank 
thence into the rotating-sprinkler R a Se ss 
type of mechanism and, through | || Ti) 

At tet 
JO 
04) 


jets (g), into the tank. Air-min- 
eral agglomerates, formed in the 
pump, rise and overflow as froth. | 

Some tests on bituminous coal 
(— 20-mesh jig-overflow water) 
showed 60 to 70 per cent. ash 
reduction and 85 to 95 per cent. 
recovery of carbon content. In Fie. 23.—Hydrotator flotation machine. 
atest on — 342-in. raw bituminous Y 
carrying 21.6 per cent. ash, the float analyzed 2.2 per cent. ash against 9.2 per cent. in 
jigged coal. Screenings (— 342-in. rd. hole) from washery refuse assaying 50 per cent. 
ash yielded float containing 9.5 per cent. ash and representing 55 per cent. recovery. 
(These data furnished by the Hydrotator Co.) 


9. Bubble-column process 


General. In this process substantially all of the concentration is per- 
formed in a column of bubbles above and floating on the surface of the body of 
pulp. The volume of gas effectively used to produce concentration is 20 to 
100 times greater than in pulp-body processes, being of the order of 1000 to 
2000 cu. ft. per cu. ft. of solid floated. The result is that the froth is fragile 
and evanescent and strikingly different from that characteristic of the other 
class of froth processes. Further investigation of the process, by observa- 
tion of the operation in glass-sided machines, shows that: (1) The bubbles 
are much larger than in pulp-body processes; (2) they are more numerous; 
(3) they rise through the pulp more rapidly; (4) they arrive at the surface 
of the pulp with a solid load composed of sulphide and gangue in sub- 
stantially the same proportions that these exist in the pulp through which 
they have passed; (5) concentration begins at the bottom of the bubble col- 
umn (i.e., the upper surface of the pulp body) and progresses upward. The 
actual mechanism of concentration can be studied with a hand-glass. There 
is a differential draining of the gangue and sulphide particles in the bubble 
walls; the average downward velocity of the sulphide particles is less 
than the average upward velocity of the bubbles; the average downward 
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velocity of the gangue is greater than the average upward velocity of the 
bubbles; and as a result the sulphides are lifted up and away from the gangue. 
The sulphide particles in the bubble column are nowhere firmly adherent 
to bubbles as they are in the pulp-body processes. These various phe- 
nomena are generalized in Fig. 24. Segregation of sulphide from gangue 

in the water-filled space between the bubbles brings 


8 x about a distribution of such particles as is idealized in 
uF @ the sketch. All particles are moving downward with 
13 = respect to the bubbles, but there is a momentary re- 
Slice tardation of sulphide particles at the bottom of the 
. é = bubbles, indicated on the sketch by the crowding of 
= particles at the bottom of the bubbles and the dependent 

naiée tip. Bubblesnear the top of the column carry more 


attached particles at any given instant than those lower 
down. The falling path of any given sulphide particle, 
following, as it does, the bubble surfaces, is longer 
than that of a given gangue particle, which falls as 
directly as possible through the liquid channels forming the bubble walls. 

Theory. Superficially bubble-column concentration is similar to hydraulic 
classification, with the essential differences, however, that a rising column 
of bubbles replaces the rising current of water, and that the buoyant effect 
of the rising current on the solid particles is modified and aided, in the case of 
the metallic minerals, by adhesion between the bubbles and these particles. 
But in both processes the essential feature is the presentation of a mass of 
grains of unequal settling power, under the conditions of treatment, to a 
rising current whose velocity lies between the average settling rates of the 
two classes of grains it is desired to separate. In the ordinary practice of 
bubble-column concentration the pulp is fed to the bottom of the bubble 
column, but it may be fed at the top, as in hydraulic classification. Selection 
of mineral particles by gas in the body of pulp, which is the essential basis 
of pulp-body processes, is not an element of bubble-column concentration, 
and consequently heat, chemical action, agitation, and external pressure 
change are unnecessary. All that is necessary in bubble-column concentra- 
tion is to form and maintain a slowly-rising column of bubbles, and to present 
to it solid particles prepared by treatment with some selective agent, so that 
preferential adhesion of sulphide particles to the bubble walls will be more 
marked. Maintenance of a bubble column requires addition to the pulp 
of some substance that changes (usually lowers) the surface tension of the 
water. The selective agent is one that either from solution or from minute 
mechanical dispersion in the pulp, preferentially adheres to metallic-mineral 
surfaces. All successful mixtures of flotation agents must have both of these 
properties. 


Fie. 24.—Action in 
bubble column. 


Quantitative experimental evidence of the difference between the bubble-column and 
agitation-froth processes is presented in Fig. 25. A pneumatic bubble-column machine and 
the spitzkasten of a Minerals Separation standard machine were fitted with. -in. sample 
pipes projecting inward 6 in. from the inner surface of the walls, arranged in vertical rows 
running from bottom to top of the respective apparatus. Simultaneous samples from all 
pipes were drawn from each machine, assayed, and the assays plotted against position in the 
machine. Plot B shows that bubbles on emergence into the bubble column in the pneumatic 
cell are carrying a load of pulp; that no concentration at the bubble surface has taken place 
in the pulp body. Plot D shows that the solid load on the bubbles emerging from the pulp 
in the agitation-froth process is a concentrate of substantially the grade of the finished 
concentrate from the cell. The tests recorded in Fig. 25 were made in regular mill operation. 
Similar comparisons have been made in a 24-in. M.S. standard machine, a Janney mechan- 
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ical machine, a standard Callow machine, two special large-size Callow machines, an In- 
spiration-type pneumatic machine and a Cascade machine. These tests all show that plots 
B and D, Fig. 25, are typical of the behavior of bubble-column and agitation-froth 
machines respectively. 
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Fig. 25.—Charts showing place of concentration in standard Callow (bubble- 
column) and 24-in. M. S. (agitation-froth) machines. 


It logically follows from the conclusions reached in the preceding paragraph 
that the body of pulp in the bubbie-column type of machine can be eliminated 
without affecting the concentration. 


A cell built to eliminate the pulp body, 10 ft. long, 14 in. wide inside and 12 in. from 
blanket to overflow lip, with bottom horizontal (see Fig. 26), was run side-by-side with a 


regular mill cell in the Mziamr Coprrr Co. plant. 

This shallow cell recovered the same weight of copper Baffle to hold 

per square foot of blanket area that was recovered in Feed launder Sanh Sule 
umn 


the standard cells adjacent, and made the same grade 


of concentrate. 
Attachment of mineral particles to bubbles. 


Overflow lip 
Whether the actual method of adhesion of solid parti- ene ear neeae 
cles to bubbles is different in the bubble-column and Airtasiets Discharge / Discharge 
pulp-body processes is not yet known definitely. It can trap Taunder 
be said without fear of contradiction that in pulp-body 
processes solid particles are held to bubblesinthe same Fic. 26.—Shallow pneuinatic cell. 
way that particles are hell in film flotation (Fig. 
3). There is, of course, a more or less complete film of the selective substance between the 
air in the bubble and the actual solid surface, but this is, in most cases, of monomolecular 
dimensions. That such is the mode of attachment follows from the way in which attach- 
ment is effected. The initial precipitation of gas is from solution in contact with the filmed 
particle and takes place at the interface between particle and solution, i.e., in contact with 
the particle. Subsequent precipitation, causing growth of the bubble, may be at the liquid- 
solid interface or at the liquid-gas interface; probably it is at both. When the bubble is 
small with respect to the particle, particularly if it is growing on a substantially plane sur- 
face, the shape is that shown in Fig 27a and further growth causes it to take the shape shown 
in Fig. 276. This non-spherical shape, indicative of definite contact angles, can only occur 
when there are three-phase contact points. Since the only visible phases present are gas, 
solid and pulp liquid, the relation must be that shown. This kind of attachment results in 
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substantially rigid systems of air, liquid and solid, evidenced generally by stiff, coherent 
froths and showing under the microscope little or no movement of 
Gas solids in the bubble walls. The appearance of individual bubbles 
composing a pulp-body froth is of rough, solid-armored spheres 
packed together more or less closely in substantially quiescent 
water. This is entirely different from the unstable and temporary 
adhesion between bubbles and metalliferous particles in a bubble 
column and leads to the belief that in the bubble column another 
mode of attachment prevails. 

Mode of attachment in bubble column. To a test tube two- 
thirds full of water add a few drops of an oil such as oleic acid or 
pine oil and a few hundred particles of finely-divided granular sul- 
phide (about 0.l-mm. diam.) cork the test-tube and turn it end 

(b) for end a few times, then examine with a low-power microscope. 
Aggregates Of oil and mineral such as are illustrated in Fig. 28a, 

Fig. 27.—Relation may beseen. Shake the tube gently so as to introduce some air, 
of phases in pulp- but do not shake enough to cause any substantial pressure differ- 
body flotation. ences. Aggregates such as are shown in Fig. 28b, may be observed. 
In both cases the rigidity of attachment of mineral particles to oil 

globules is slight. Continued shaking results in increase of air-oil-mineral aggregates with 


successive thinning of the oil film on the air bubbles, but with no rT 
change in the fragile nature of the bond between solid and oil. A eal 
Minera 


limit is finally reached when, on many of the bubbles, the oil film 
is invisible, but one still exists and, barring such agitation as will | 


produce gaseous supersaturation, the mode of attachment of solid : @) 
particles thereto must be that shown in Fig. 28c, in which the thick- dil: Air 
ness of the oil film is greatly exaggerated. The surface tension of pinta 


an oil-water interface is from one-third to one-half that of the con- 
taminated water-gas interface and the three-phase contact angle Oi/. : 
oil-water-solid is much smaller than the water-gas-solid angle, 
which would explain the more feeble adhesion observed in the 
bubble column as compared with the froth in pulp-body proc- 


esses. The same conclusion as to necessary difference in character pe 
of attachment is reached by study of Tables 22 and 23. 
Fig. 28.—Probable 


The machines in which the bubble-column process method of adhe- 
is practiced may be classified, on the basis of the method sion of mineral par- 
of introducing air, as pneumatic machines, plunging- ticles to gas bub- 


stream or cascade machines, and centrifugal machines. bles in _ bubble- 
column flotation. 


10. Pneumatic machines 


Pneumatic machines pump air directly into an oiled pulp through a pipe 
or pipes or the equivalent. In the best-known type the air for making the 
bubble column is introduced through a porous medium such as canvas, cotton 
twill, blanket, carborundum, or concrete. Machines described in the pat- 
ents, as also some modifications introduced in the mills, are described below. 


Sulman and Picard (793,808/1905) first described a bubble-column apparatus. In 
Fig. 29, (B) is a rectangular separating tank with sloping bottom, above which is suspended 
Be: a perforated spiral coil (B’), revolved by gear 
i (B8). Air is supplied at (C) and oil from tank 
=| A! (C’) may be atomized into the entering air or the 
4 pulp may be pre-mixed with oil. Feed enters 
through pipe (A’) concentrate is overflowed into 
launder (B4) and tailing discharged through 
Adin ps valve (B*). The utility of the process disclosed 
ae was not recognized by the inventors nor by the 
BS art, and the pneumatic process as at present 
practiced is not clearly claimed, if claimed at all, 
Fic. 29.—Sulman and Picard pneu- in the patent. The principle was not known to 
matic flotarionsmichines the patentees as late as 1907 as they say in a 

: ath heb privately distributed publication of that date: 
. . . mineral flotation is difficult to achieve by simply passing a current of gas bub- 
bles through a pulp. The explanation is that under such conditions supersaturation takes 


Cc 


oe 
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long to establish. If on the other hand such a pulp be shaken vigorously with air, or air 
be whipped into it by mechanical agitation (835,120) flotation is just as readily ensured 
as if the gas were generated in the pulp itself by chemical means (Froment) ”’. 

Towne and Flinn (1,295,817/1919) first recognized and described the action in the cell. 
Their apparatus (Fig. 30) shows a circular tank (1) which is fed with oiled pulp and supplied 
with low-pressure air through porous medium (5). The bubble F 
column overflows into annular launder (22) and tailing dis- 
charges through pipe (12) and automatic valve (15). Other 
forms of apparatus by the same inventors are described in 
1,317,244/1919; 1,367,322/1921; 1,378,920/1921; and 1,410,- 
781/1922. » Flinn, 1,314,316/1919, describes a similar appa- 
ratus. 

None of the forms of apparatus described by these in- 
ventors has had any commercial use. An installation of 
24-in. cells was tried in the InsprraTION Test PLANT (55 A 576), 
but was rejected in favor of the Callow machine. The 24-in. 
cells were also tried at CANANEA and Arizona CoppsEr Co. but 
not adopted, although recoveries were good. One great fault 
was settlement of sand on the bottom and consequent boiling. 


Callow pneumatic cell, as used in the mills, 
is shown in Fig. 31. It consists of a rectangu- 
lar box with sloping porous bottom. The usual di- 
mensions of the box are 8 to 9 ft. long, 2 ft. to 2 ft. 
6 in. wide, about 18 in. deep at the feed end and i 
4 ft. deep at the tailing-discharge end. The porous Fic. 30.—Towne and 
bottom consists of three or four layers of medium- Flinn pneumatic flota- 
weight canvas or palma twill, supported on a screen Goisase nines 
or grid on top of an air box. The usual cell has the air box divided into 
eight compartments, each with an independent connection to a header, 

the purpose being to allow 
independent regulation of 
the air pressure on the 
under side of the blanket at 
different points in the length 
of the cell, in order to bal- 
* ance the different hydro- 
static heads and prevent 
eddy currents due to un- 
equal air distribution. Pulp 
is fed into the cell behind 
the baffle (c), froth over- 
flows the sides, and tailing 
is discharged through the pipe (d). The rate of discharge is regulated by 
means of the adjustable float valve (e). The capacity of a single unit such 
as illustrated is from 35 to 80 tons per 24 hours, the lower figure correspond- 
ing to a slimy ore in a pulp containing a low percentage of solids, the higher 
figure corresponding to a silicious, rather sandy ore in a pulp containing 
in the neighborhood of 25 per cent. solids. 


In the Mrssountr lead mills, where pneumatic machines are used as scavengers, tonnages 
per machine run as high as 150 per 24 hr. At the Morenci mill of Partps DopeGx (69 A 180) 
the feed rate to standard Callow cells was 2.5 tons per sq. ft. of bottom per 24 hr. ae 


The air consumption is decidedly variable, ranging in different plants 
from about 6 to 12 cu. ft. of free air per min. per sq. ft. of porous bottom, at 
pressures of from 3 to 5 lb. per sq. in. on the supply side of the regulating 
valves. A good average figure is probably in the neighborhood of 9 cu. ft. 
per min. per sq. ft. of porous bottom. This air requirement corresponds to 


= 5-8 f= 


peoegl 


Fic. 31.—Standard Callow pneumatic cell. 
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a power consumption of between 3.5 and 4 hp. per cell. Large, shallow 
cells require about 0.3 hp. per sq. ft. of porous bottom. 


The following detailed figures are given by Callow (64 A 14): Nationau CoppEr Co., 
500 tons per day treated in eight standard roughers and two cleaners; 950 cu. ft. of free air 
per min. at 4 lb. pressure required; blower power, 35 hp., 3.5 hp. per cell, 12.53 tons per 
hp. or 1.25 kw.-hr. per ton. At another plant treating 2400 tons per day in 48 roughers 
and 12 cleaners, 9600 cu. ft. of free air per min. at 5 lb. pressure was furnished with 210 hp., 
3.5 hp. per cell, 11.45 tons per hp. or 1.56 kw.-hr. per ton. In the INSPIRATION experi- 
mental plant 200 tons per day was handled in 4 roughers and one half-size cleaner, requir- 
ing 950 cu. ft. of free air per min., at 5 1lb.; blower power was 18 hp. making 4 hp. per cell, 
10 tons per hp. or 1.79 kw.-hr. per ton. Laist (113 P 634) is quoted as giving compara- 
tive power consumptions for flotation alone as 0.15 hp. per ton of daily capacity for pneu- 
matic at INSPIRATION against 0.25 hp. in M.S. machines at ANACONDA. Minimum attend- 
ance requirement is illustrated by INsprRATION practice, where one man handles four 800- 
ton sections, and Miami, where two men handled 60 standard cells treating 3200 tons per 
24 hr. (66 A 577). ' 


Callow cells are usually run in parallel. General experience is to the 
effect that, whether run in parallel or in series, the capacity per sq. ft. of porous 
bottom, in machines producing concentrate of the same grade and recovering 
approximately the same amount of mineral, is the same irrespective of the 
method of operation. \ 

A modified form of Callow cell designed to economize floor space is shown in Fig. 32. 
It consists of a rectangular box about 20 ft. long, 7 ft. wide and an average depth of 3 ft., 


set on a slope of about 2 in. perft. The box is divided into eight compartments, 3 ft. 5 in. 
wide by 4 ft. 6 in. long, by means of a central! longitudinal wail which extends to the bottom 
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Fig. 32.—Miami-type pneumatic cell. 


of the box, and three transverse walls. The first and third transverse walls extend to 
within 5 or 6 in. of the bottom of the box, the second or center wall is so arranged as to cause 
the pulp to overflow a weir in passing from the second to the third compartment on both 
sides of the cell. The purpose of this weir is to maintain the desired pulp level in the first 
two compartments on each side. Practically the partitions serve to divide the box into 
four cells. Air baskets consisting of shallow boxes with a porous top, of such size that they 
fit loosely into a compartment, are placed with the porous side !up in the bottom of the 
compartment. The capacity of one of these machines is between 400 and 800 tons per 24 
hr. treating a silicious ore in a pulp containing from 20 to 25 per cent solids. 

Tests on air and power consumption of Miami-type pneumatic cells at Miami Copppr 
Co. showed that air consumption per square foot of porous bottom in the rougher cells ranged, 
during a period of 744 days, from 8.1 to 12.1 cu. ft. of free air (12.82 lb. absolute pressure 
and 70° F.) per min.; average 9.6 cu. ft. Figures based on two- and three-day tests on 
individual bottoms showed a range from 7.4 to 14.5 cu. ft. per sq. ft. per min. for No. 1 bot- 
tom, average 9.5; 6.7 to 11.7 for No. 2, average 8.5; 8.7 to 13.0 for No. 3 average 10.4; 
and 7.2 to 10.6 for No. 4, average 9.3, The cleaner cells showed a range, on 4-day test, of 
2.6 to 6.4 cu. ft. per sq. ft. per min., average 4.7. Power consumption per section contain- 
ing 32 rougher and 8 cleaner bottoms, to which the average air supply based on the above 
figures was 4141 cu. ft. of free air per min. at 3.8 lb. per sq. in., ranged, on 15-day test, from 
94.4 to 114.5 hp., average 106 hp. for the period. This is roughly 40 cu. ft. of free air per 
min. per hp. or 0.22 hp. per sq. ft. of blanket surface. One of these sections handles 1300 
to 1500 tons per 24 hr., making power consumption 1.7 to 1.9 hp.-hr. per ton. Further test 
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showed that the power draft for the section with the cells empty was 39.3 hp. and the pres- 
sure 1.5 lb. per sq. in. With the cells full of water the power draft was 59 hp. and the pres- 
sure 2.5 lb. persq.in. The increase above this latter figure with pulp in the cell was prob- 
ably due largely to deposition of sand on the blankets, as the difference in density between 
pulp and water is insufficient to account for the increase in pressure and power consumption. 

At the new mill of Morrncr Brancu of PHetes Dover (69 A 176) a shallow cell, 
4 X 40 ft., 15 in. deep at the feed end, bottom slope \%-in. per ft., stepped up to a depth of 
15 in. at mid-length, was installed with an allowance of 1.25 sq. ft. of blanket area per ton 
treated per 24 hr. This figure was based on thorough experiment with the low-grade sul- 
phide ore to be treated. Use of the shallow cell reduced the required air pressure from 
4.75 to 3.5 lb. per sq. in. At Mocrezuma Copper Co., Nacozari, Mex. (118 J 446) the 
blanket allowance was 1.5 sq. ft. per ton per 24 hr« 

The principal apvanraap of the large cells lies in the compactness of the installation. 
A comparison of the standard cell with a large shallow cell at Morenci (109 J 1352) indicated 
little ” no advantage in performance when the reduced feed rate in the large cells is con- 
sidered. 


Most of the recovery in a pneumatic machine is effected in the first few 
feet. Table 13 shows results of a test on a Miami-type cell. In one test on a 


Table 13. Recoveries in successive compartments of a 4-compartment pneumatic 
cell at Miami Copper Co. 


Recovery, 
Date G92 1\). ielighis..sentatia « Mar. 14 | Mar. 18} Mar. 26] Apr. 4 | Average |/cumulative 
per cent. 
Feed, per cent. Cu(a)....... 1.90 1.50 1.39 es tayy MAO Shed ere se cuavociane 
Tailing, per cent. Cu:(a) 
Compartment No. 1...... 0.39 0.30 0.26 0.34 0.32 79.9 
Compartment No. 2...... 0.17 0.14 0.12 0.20 0.16 90.5 
Compartment No. 3...... 0.14 0.07 0.10 0.16 0.12 93.3 
Compartment No. 4...... 0.12 0.08 0.11 0.13 0.11 93.2 
Motel GO) estes. Surtees: .(f2.0c6 0.16 0.15 0.16 0.17 OWIG nilietse.ctadied 
Concentrate, combined......| 25.72 33.41 24.59 29 .44 283295 allie (25. ae 
OMS HWCT ALOT os oxy. creo. Bakede tele de. coils oi CRE, «RARTTHIGIS  MELFCPA Es. te vane} he 2S. Hey, FOL tense 


a As sulphide. 6 Automatic sample. Compartment samples were cut by hand under 
considerable difficulty. 


standard Callow cell in the M1amr mill over 80 per cent. of the total recovery 
was made in the first 16 in. of length. 
Table 14 shows assays of individual concentrates from the various com- 


nts of a Miami-type ‘ 
ela ans ef ‘eal ‘of Table 14. Assays of concentrate from different com- 
cell. is 1s typical of the partments of a 4-compartment pneumatic cell at Miami 


multi-compartment cells and Copper Co. 
also of discharges from cor- 
responding positions along Assays, per cent. Cu 
the side of the standard CompaT RSH 
; number 
Callow and other trough-type May, 1920 | Oct., 1920 | Feb., 1921 
machines. 
2 

Patents issued to Callow cover- ; 8 e. ote aes 
ing various forms of porous-bottom 3 1 a7 iy j 90 1 97 
bubble-column apparatus are: 4 u ‘OL 4.30 9.35 
(1,104,755/1914). A circular flat- : : : 
bottomed tank with slow-speed = 
stirrer to keep coarse sand in sus- Ota emia Sopra 27.21 23.55 23.00 


pension. (1,124,853/1915) The 


same with a high-speed stirrer, giv- Peek J 
ing a combination of pneumatic bubble-column and agitation-froth flotation. (1,124,855 and 


1,124,856/1915) A circular tank with slow-speed rotating porous arms. (1,141,377/1915) 
A circular tank with horizontal porous bottom, no stirrer, and perforated grids to lessen 
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pulp movement and disturbance of the bubble column. (1,176,428/1916) A rectangular 
tank with sloping compartmented bottom and a vacuum chamber above for removing and 
disintegrating froth. It is not likely that any substantial vacuum-type pulp-body concen- 
tration is effected in this cell, although it is not impossible. (1,182,748/1916) A rectangular 
box with horizontal porous bottom and a mechanical scraper for moving sands from feed to 
tailing ends. (1,201,934/1916) Substantially the modern form of cell as described above, 
but without the automatic tailing-discharge valve. (1,329,335/1920) Substantially the 
modern form with inclined bottom but with the tank compartmented with vertical trans- 
verse baffles extending from above the overflow lip downward to within a few inches of the 
bottom, in order to prevent sand deposition by creating a scouring action. (1,366,766/ 1921) 
A rectangular tank with horizontal porous bottom, adjustable transverse baffles to prevent 
sedimentation, and a weir overflow. (1,366,767/1921) In an apparatus similar to a Dorr 
thickener, a porous bottom, a peripheral feed into an annular space behind a cylindrical 
baffle extending nearly to the bottom, a float-controlled tailing-discharge valve, and revolv- 
ing suction pipes for removing froth. 
MacDonald (i,134,690/i1915). Ina circular tank, a plurality of air-lifts disposed near the 
periphery and discharging tangentially a short distance below the pulp surface, thus setting 
up a circular motion of the pulp; a skimmer or skimmers pro- 
24) jecting from the side wall toward the center of the tank for lead- 
{3-77 ing froth to the periphery; a central cylinder extending above and 
below the pulp surface to confine the bubble column to an annular 
tj space; submerged feed of pulp; oil fed with compressed air in the 
e1Q air-lifts. 
f Crerar (1,232,772/1917). An inclined porous bottom, the 
lower end only submerged. Pulp fed at the upper end, overflow 
of froth at the lower end. A porous surface similar to a 2-deck 
circular buddle with upper deck convex and lower concave is illus- 


wR : trated. The principle of this machine is correct in that no pulp 
body is necessary in a pneumatic machine and elimination of pulp 

Fie. 33. — Wagner body results in saving of power. 
pneumatic machine. Wagner (1,235,083/1917, Fig. 33). A porous-bottom machine 


in which the flow of pulp in the separating chamber is upward 
with the rising air bubbes. This is interesting in that it recognizes the necessity of bring- 
ing all of the pulp into the bubble column, which is essential to recovery of mineral in 
bubble-column processes. In the figure, feed enters hopper (11) and passes through 
pipe (10) into chamber (12), thence upward through 
pipe (16) with air introduced through porous bot- 
tom (15). Tailing that falls out of the bubble column 
discharges through pipe (21). Concentrate over- 
flows into launder (24). 

Cole (1,243,814/1917; 1,375,211/1921, Fig. 34). 
The essentiai feature is the use of a grid of porous 
pipes (22) placed some distance above the bottom 
in the separating tanks (14), (15), (16) in order to 
prevent clogging of the air inlet passages by sedi- 
mentation of coarse sand. In operation feed enters 
at (19), meets the rising air bubbles and is lifted 
into the bubble column. Tailing from the bubble 
column passes downward through the grid of porous 
pipes, is roughly classified at (34), coarse sand being 
discharged from spigot (36) and fine sand and slime 
passing through pipe (23) to a second similar unit, 
etc. Hand wheels (28), controlling valves, regulate 
the flow and the pulp level. See also Flinn, (1,314,- 
316/1919.) 

At CananeA CoNnsOLIDATED Copprr Co. four 
roughers and four cleaners treated 800 tons per 
24 hr. of —28-mesh feed with a consumption of 
132 hp. Air pressure was 5 lb. persq.in. Tubes 
ee covered we silencer cloth, which lasted 30 to 
45 days. This apparatus has been tried out Lan (gi! aa . 
thoroughly at InsprraTion (55 A 576) and ARIZONA poke ei Farens cue pocatsor 
Copper Co. (55 A 656), but was not adopted at machine. 

Inspiration and has been replaced by Callow cells at Arizona Copper Co. (66 A 724). 

Peterson cell used at Tipewarrer Coppmr Co. (122 P 423) is of this type. Five roughers 
and one cleaner required 2.8 hp.-hr. at the blower per ton of flotation feed. 

Greenawalt (1,250,303/1917) similarly guards against interference with air introduction 
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due to clogging by the use of a grid of porous pipes above the bottom of the separating tank, 
but goes a step further in suspending the pipes and moving them 
slowly backward and forward by means of a suitable mechanism 

Armstrong (1,269,150/1918). Restriction of froth overflow 
in pneumatic or other cells, for the purpose of deepening the 
layer of froth and thus obtaining cleaner concentrate, is de- 
scribed. The patent illustration shows a standard Callow cell 
with sides built up except for a short distance near the discharge 
end so that all froth must travel to this point to overflow. The 
effect is to increase the time for drainage of gangue from the 
concentrate in the column of bubbles. As this draining phe- 
nomenon does not occur, or occurs to but the slightest extent, 
in properly operating pulp-body machines, the method is applic- 
able only to bubble-column processes. The method has been 
used in the mills. Overflow has been placed at the discharge 
end and counter flow of the bubble-column to side overflows 
arranged near the feed end, as well as to the tailing end, has 
been tried. 

Rowand (1,312,754/1919, Fig. 35). Oiled feed pulp enters 
through pipe (£) and mixing chamber (7) directly onto the 
porous bottom (hk) which is kept from sanding by scraper (s). 
A bubble column with constricted surface is formed in conical “3 
frustum (a) and overflows the upperrim of this frustum onto a Fie. 35.—Rowand 
body of water maintained in (e). Middling drains out as the pneumatic flotation 
bubbles pass over tothe lip (f) and are discharged through suit- machine. 
able openings into launder (C). Concentrate overflows into 
launder (B); tailing is discharged at (7). The patent mentions the use of heat, which is 
both unusual and an unnecessary expense in bubble-column operation. 

Wilson (1,341,770/1920, Fig. 36). Feed entering through pipe (27) is mixed with oil 
from tank (31) in the closed-top Pachuca tank (F), 
and passes into tank (A) where it is subjected to the 
action of air bubbles introduced through the porous 
medium (24) and rising in the tortuous passage (B). 
Material dropped in the passage of the mass of bub- 
bles toward the overflow lip (9) returns by the passages 
(C) to be treated again. Concentrate overflows into 
launder (10) and tailing discharges through pipe (13). 
Enrichment of concentrate by draining during a 
passage over non-aerated pulp, as described in this 
and the preceding patent, is not so good as a second 
“cleaning’’ operation, in a bubble column maintained 
over aerated pulp, as is the usual practice. 


. she Inspiration pneumatic cell is described in 
Fie. 36.—Wil: at: 
ee patents to Gahl(1,346,817and1,346,818/1920, 
and 1,401,598 /1921). 


One form used in the mills is shown in Fig. 37. It consists essentially of a launder about 
3 ft. wide and 4 ft. 6 in. deep, with a slope of about % in. per ft. It is provided with a 
removable segmented porous bottom and is divided into compartments by partitions spaced 
about 3 ft. center to center along its length. The usual number of compartments in a 
roughing machine ranges from 15 to 20. The partitions have slots nearly 3 ft. wide and 6 to 
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Fie. 37.—Inspiration pneumatic cell. 
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8 in. high, cut about 3 in. above the bottom of thelaunder. The size of the opening between 
compartments is regulated by gates operated by a threaded rod from a hand wheel and lug 
supported on timbers placed across the top of the launder. Air baskets, consisting of shal- 
low boxes of such dimensions that they make a loose fit in a compartment and with the air- 
supply pipe coming down from the top, are placed in the bottom of the launder. In general, 
two such launders set side-by-side, with a common central froth launder, constitute a rough- 
ing unit. The rougher froth is cleaned in a similar smaller machine, fed by gravity from the 
roughing machine. The capacity of such a double unit with 16 roughing compartments 
each side and six cleaning compartments each side, is from 600 to 1200 tons per 24 hr., the 
lower figure on a slimy low-grade copper ore in a pulp containing 12 to 15 per cent. solids, 
the higher figure on asilicious, rather sandy low-grade copper ore in a pulp containing 20 to 25 
per cent. solids. These figures reduce to 1.2 to 2.4 tons per 24 hr. per sq. ft. of blanket area. 
At InspiraATION, with 48-mesh pulp containing about 15 to 20 per cent. primary slime, 
1.6 tons tons per sq. ft. is the regular feed rate and 3.2 tons has been treated. Power consump- 
tion in Aug., 1916 (102 J 679) was 2.8 kw.-hr. per ton. At Aso Test minty (109 J 1314) the 
feed rate was 1.88 tons per sq. ft. of rougher surface (2.07 tons per sq. ft. including cleaner 
\ tailing) and 0.85 ton per sq. ft. of 
cleaner. Air consumption was from 10 
to 12 cu. ft. per sq. ft. of blanket sur- 
face, at from 4 to 5 lb. pressure on the 
supply side of the regulating valves. 
This means a power consumption of 
from 0.3 to 0.35 hp. per sq. ft. of 
blanket. At the Gotp Huntsrr mill 
(100 J 1044; 102 J 16) air was sup- 
plied at 8 lb. persq. in. and the power 
requirement per cell was 9.6 hp. This 
is exceptionally high, due in part to the 
high pressure, but probably also to an 
inefficient blower installation. At In- 
SPIRATION one operator and two Mexi- 
can helpers to wash bottoms take care 
of four roughers and four cleaners. 
Forrester machine (Fig. 37a) con- 
sists of a hopper-bottomed trough (a), 
compartmented longitudinally by par- 
titions (b), which are perforated below 
the pulp level. Length varies from 14 
to 24ft. Feed enters at one end above 
, the pulp level, tailing discharges over 
Cross - section of rougher a weir at the other end, and froth over- 
Fic. 37a.—Forrester flotation machine. flows lips (c). Air is introduced 
through 34-in. pipes on 4-in. centers 
depending from a 6-in. header. Longitudinal partitions (d), arranged as shown or simi- 
larly, serve to form the foot-piece for an air-lift to raise pulp from the bottom of the 
hopper to a level between walls (b) higher than that of the pulp outside and to maintain 
the pulp therein in such a state of turbulence that a part of the air is broken up into suffi- 
ciently small bubbles to remain in the pulp in its passage through the perforations (e) and 
to form an effective bubble column in the quiet zones on the outside of walls (6). 
Performance. This cell has been remarkably successful. The metallurgical results on 
porphyry copper ores have been about the 
same as in Callow cells while power and labor 
costs have been much lower. At one plant 
comparative performances of an 18-ft. Forrest- 
er anda 20-ft. Callow cell were as follows, the 
figures for the Forresterbeing given first: Daily 
tonnage, 350, 270; air pressure, lb. persq. in., 
1.6, 4.0; air consumption, cu. ft. per min., 
702, 534; per ton of feed, 2888, 2848; power 
consumption, kw.-br. per cell, 131, 224; per 
ton, 0.37, 0.83; cost, cents per ton: power, 
0.448, 1.005; operating labor, 0.498, 0.783; 
repair labor, 0.095, 0.213. The reason for the 
great difference in the last item is the elimi- 
nation of blanket scrubbing in the Forrester 
cell; this, with the almost universal use of 
lime with the chemical collecting agents is an Fig. 38.—Myers pneumatic flotation 
important item in all plants. machine. 


_and divided into a rough concentrate that overflows the lip (2), and 
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Allingham (1,357,921/1920). A movable porous bottom suspended in a separating tank. 
See also Greenawalt (1,250,303/1917). 

Myers (1,323,373/1919, Fig. 38). In a circular tank (1), a central cylindrical compart- 
ment (10) and a series of annular compartments (7), (8), (9), (11) and (12) formed by cylin- 
drical walls of varying heights; and porous bottoms (14) arranged 
as shown. The outer annular compartment (7) is divided from top 
to bottom by partition (21). Oiled feed enters this compartment 
through inlet (23), is subjected to bubble-column action therein 


a tailing that is discharged at (22). The rough concentrate is re- 
treated in compartment (8) making a froth that overflows lip (3) 
and a middling that passes by check valves (19) back into com- 
partment (7). The once-cleaned concentrate is re-treated in (9), 
overflowing finished froth into compartment (10) and discharging 
middting back into compartment (8) through check valves (20), 
spaced 90° to valves (19). Froth in the feed compartments of the 
various annular cells is broken down by revolving. arms (24) or 
similarly driven sprays. Various types of porous media are de- 
scribed. One is a layer of fine lead shot, 0.5 to 2 in. deep, resting on 
canvas or muslin. / 

Waterhouse (1,346,286/1920). Fig. 39 is a cross-section of a hl a a 
sloping-bottom tank similar in shape to the standard Callow cell. Frasid? Waker 
(See Fig. 31.) Pulp is introduced into the tank at the shallow end ‘ ; 
and air is introduced with high-pressure water through pipes de- flotation machine. 
pending from injectors (14). Oil may be introduced at (17) and carried into the pulp 
with the aerated water. There is suggestion of both plus-pressure and cascade action in 
this description. 

Terry (1,362,370/1920). A V-shaped tank with sides of a porous medium, feed troughs 
along the sides, concentrate overflow into a trough suspended along the center line, and tail- 
ing discharge at the bottom. 

Riser (1,391,078/1921, Fig. 40). A covered rectangular tank"(1) with sloping bottom (2), 
air mats (3) and sloping discharge end (4). Feed 
enters at (5), tailing discharges from the bottom 
by overflow of pipe (6). Froth formed by bubble- 
column action is forced to travel over unaerated 
pulp from a point over the lowest air basket to the 
end-discharge lip, thus allowing some drainage of 
gangue. (See remark on this practice under Wilson, 


house pneumatic 


1,341,770.) 
Borcherdt (1,440,129/1922). A long, flat- 
Fic. 40.—Riser pneumatic bottomed, compartmented pneumatic cell with 


weir overflow from compartment to compartment. 

Conners (1,441,560/1923). A pneumatic cell 
with plunging feed behind a baffle and oil fed into the stream at the pulp level; also 
a horizontal screen just below the pulp surface, extending over the entire cell area. 

Simpson (1,518,010/1924, Fig. 41). A spitzkasten with an air-lift to circulate pulp, a 
blanket placed above the cell bottom to prevent sanding, and a baffle to divide off a non- 
aerated pulp surface over which some draining of the bubble- 
column may be effected. 

Dolbear (1,478,703/1923; 1,480,884/1924) describes a 
method and apparatus for feeding pulp on or into a bubble 
column, with the idea that selection will take place therein 
and the gangue will sink into the body of pulp beneath. The 
idea is attractive, but resolves itself into ordinary pneumatic 
operation for the reason that, while part of the mineral never 
reaches the pulp body, much does and is thereafter treated in 
the fashion usual in pneumatic machines. Failure to catch 
end hold the mineral is in part due to the fact that feeding 
tends to break down the bubble column at the feed point. 
The patent also describes methods for discharge from differ- 
ent depths in the bubble column by means of V-shaped 
troughs emerging through the sides of the cell, spaced so as to 
permit rise of bubbles between them, but designed to catch 
and discharge material dropped above them. 

Malmros (1,526,997/1925) describes a pneumatic cell 
with level bottom, flaring sides and longitudinal vertical ” 
baffle boards that register with the edges of the air basket but 1G 
are so supported as to permit clearance to form pulp-circu- 


machine. 


. 41.—Simpson pneu- 
matic cell. 
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lating passages between their lower edges and the cell bottom and of such height that the 
upper edge is below the bottom of the bubble column. In overflowing, the froth passes 
over a quiescent space between the upper edge of the baffles and the overflow lips and 
here additional draining takes place, which results in higher-grade concentrate. 

Allen and Reid (1,547,548/1925) suggest a long, shallow, flat-bottom pneumatic cell with 
the side walls converging up to a height about three-quarters of the cell depth above the 
bottom, then flaring sharply to the overflow lips. The purpose is to provide an unaerated 
area over which accelerated draining of the bubble column may take place. 

Mackintosh (1,608,896/1926) describes a slowly-rotating porous cylinder placed horizon- 
tally in the bottom of a V-shaped trough. Pulp is fed at one end of the trough, tailing dis- 
charges over a weir at the other and concentrate overflows the sides. The rotor has 2.3 sq. 
ft. of area per foot of length. At one plant eighteen 10-ft. (length) rougher cells and six 10-ft. 
cleaners (double cleaning) treat 3000;tons of copper ore per day. Air pressure varies from 1.5 to 
3 lb. per sq. in. and quantity from 5 to 7 cu. ft. per min. per sq. ft. of porous bottom. Power- 
requirement is 0.6 to 0.8 kw.-hr. per ton. Blanket consumption is less than with standard 
pneumatic cells. Economies in power, blanket renewal and labor follow from the rotation 
of the porous medium which results in automatic removal of settled sand, thus decreasing 
air pressure and eliminating pounding of blankets. (Data furnished by General I’ngineer- 
ing Co.) 

Porous bottoms are usually made of three or four thicknesses of canvas or palma twill, 
stitched together with crossed seams spaced 44 to2in. Gahl (55 A 576) found that incrusta- 
tion and loss of porosity were least near the center of the blankets where bellying and flexure 
were greatest and therefore concluded that rigid bottoms, such as carborundum stone, 
filtros, cement and the like would become clogged so quickly as to compare unfavorably with 
eanvas. On the other hand the rigid bottoms are attractive in their promise of greater 
strength and longer life and much work has been done in attempting to develop them. 

McCrae (109 J 837) describes the method used in making cement bottoms for Inspira- 
tion-type cells at Ray ConsoLipaTED Copper Co. In the early work the sides and bottom 
of the air basket were made of dense concrete poured in place in the cells and a porous top 
was then cast and cemented into place. Later practice was to make sides and bottom 
a sheet-iron pan, 7 in. deep, of such size as to fit readily into the 3514 X 511-in. cell com- 
partments. The pan was divided into three compartments and each of these into two sec- 
tions. One-inch angle irons were riveted 3 in. from the top of the side walls and partitions, 
to serve as rests for the porous top blocks. These were made of sand-table tailing screened 
first through 18-mesh cloth held horizontally, then over the same screen at 45°. The con- 
crete mixture was 5 parts sand to 1 part cement, mixed with only enough water to cause the 

cement to coat the sand and harden. The blocks 


gn gu 7 J were 3 X 1014 X 2234 in. reinforced with two 14- 
Ba ee “(eg ioreat oa soe in. rods 23 in. long and three 104% in. long, wired 
oe stitched securely at the crossings. The blocks were sprayed 


oi i each day for 10 days, sparingly at first, to retard 
YE hair setting. These blocks were set into the pans with 

M. neat cement. Life at Ray was upward of 214 years. 
with P&B The upper surface was scraped every 60 days. At 
Mrami it was found that less scraping was neces- 
sary after the first time. 

: er When canvas blankets are used it is necessary to 
Fie. 42.—Air-basket joint and_ tie them down at frequent intervals to prevent belly- 
reinforcing. ing, which would result in irregular distribution of 

; air. Fig. 42 shows one method of reinforcing. 

Air pressure. The pressure required to force air through blankets is a function rather of 
incrustation and sand on the blanket than of the number of plies. Ina test at Miami with 
1-ply and 3-ply blankets working side-by-side it was found that as soon as the single blanket 
reached the normal incrusted and sanded condition (about seven days in the test quoted), 
the resistance to passage of air was substantially the same as that of the 3-ply blanket and 
that no power saving was, therefore, to be expected from the use of the thinner blanket. 
This reasoning is extensible to any porous medium. Multi-ply blankets have longer life in 
cells in which the bottoms must be pounded to prevent sanding, hence are generally used. 

Useful life of canvas blankets is ordinarily between two and six months. It depends 
upon the amount of wear from scouring of the pulp and pounding to lessen clogging, upon 
the extent of chemical incrustation and upon how much dust isin the air furnished. Actual 
wear is normally not very great with find feed (65-mesh or smaller) and the life of blankets 
may be one or two years, but if there is considerable chemical incrustation which it is sought 
to relieve by pounding, or much coarse material, the blankets may last only a few weeks. 
Incrustation is usually removed at intervals by scrubbing with dilute hydrochloric acid. 
When lime is used to render pulp alkaline the blankets may need to be scrubbed every few 


days and wear willbe high. Clogging by dust is lessened by filtering or even scrubbing the 
air entering the blower. 
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At BUNKER ebene AND SULLIVAN the use of quilted mats with rubber-impregnated canvas 
for the upper layer increased life from 3 months to 4 months. Increase was due to the fact 
that rusting (incrustation due to siderite) and felting with wood pulp were lessened (106 J 
267). Life of cloth bottoms at InsprraTIoN was about 6 months. 


11. Cascade machines 


Cascade machines effect aeration by causing a stream of water or pulp to 
plunge into a body of pulp. Air is entrained by pushing it into the body of 
pulp ahead of the masses or droplets into which the entering stream is broken. 
Any stream of pulp that falls through a distance greater than a few times its 
diameter breaks up into distinct masses, the breaking being greater the greater 
the velocity of the stream and the further its free fall. Each mass of entering 
pulp, if moving at sufficiently high velocity, pushes ahead of it a small volume 
of air in precisely the same way as an air bubble is pushed into water by a 
pebble thrown therein. The air thus introduced is broken up into smaller 
bubbles by reason of the swirl and movement caused by the entering stream 
and, rising to the surface of the pulp, forms thereon a column of bubbles, 
in which concentration takes place as previously described. The efficiency 
of the operation depends on the effectiveness of the apparatus in forming 
and maintaining an undisturbed, highly-aerated bubble column. 


Ohrn (1,187,772/1916, 
Fig. 43). In a tank, a 
gas-and-pulp injector 
formed by hopper (B) 
and the steam or com- 
pressed-air pipe (D). Oil 
is fed with the air or 
steam through funnel 
(Ff). Gas introduced 
rises as bubbles (L) and 
forms at the surface a 
bubble column that over- 
flows into launder (J) Fic.43.—Ohrnpneu- Tic. 44.—Rork cascade flotation 
as concentrate. Tailing matic machine. machine. 
discharges at (K). 

Rork (1,136,485/1915, Fig. 44). Pulp with reagents is fed into chamber (24) and is 
lifted by the paddle wheel and thrown in the direction of the arrows through conduit (42) 
into spitzkasten (53), wherein a bubble column is formed that overflows into launder (19). 
Tailing follows the path of the arrows through conduit 
(51) back into the paddle-wheel chamber. Alternately 
pulp flows similarly through the spitzkasten on the other 
side. Feed enters at one end of chamber (24) and after 
passing through a plurality of spitzkasten is discharged 
from the last. 

Arzinger (1,282,730/1918). A body of pulpin a trough 
is aerated by discharging water containing oil thereinto 
through small nozzles placed close to the pulp surface. 
High velocity of the jet is insured by high pressure in the 
water line. The patent reports 96 per cent. recovery on 4 
graphite ore in the form of 80 to 88-per cent. graphite con- 
centrate. 

Blomfield (1,310,051/1919). By means of an air-lift 
placed in a tank containing oiled pulp, a part of the pulp 
is lifted above the general level and discharged against an 
umbrella which causes it to fall back into the body of pulp 
and thus entrain the air needed to set up bubble-column 
action therein. 

Fic. 45.—Emerson cascade Emerson (1,311,882/1919, Fig. 45). A series of barrels 
. : (8) is set in aninclined trough (5) forming a concentrate 
flotation machine. launder. Oiled pulp enters the barrels by inclined pipes 


and (10) funnel-shaped feed boxes (20). Aeration is effected by means of water in- 
jectors (16) attached to a pressure pipe (14). Froth overflows the barrels and tailing passes 
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on through pipes (12) to succeeding barrels. Baffles (24) are placed in the barrels to pre- 
vent air from passing down into the tailing discharge. 


Seale and Shellshear (1,311,919 and 1,311,920/1919, 
Fig. 46). Oiled pulp falls from box (B) through pipe (B’) 
into a body of pulp maintained at the proper level in 
tank (A). Pipe (B’) is not filled with falling pulp, hence 
the stream breaks and the falling masses introduce air in 
the usual fashion. Baffle (A’) prevents passage of air 
into outlet pipe (C). Baffle (A) tends to prevent disturb- 
ance of the bubble column. Froth overflows into launder 
(A2). Water is fed into (B) as necessary to maintain the 
proper pulp level in (A). The apparatus is operated 
Fie. 46.—Seale with several pots in series with a pulp elevator in the flow 


and Shellshear where necessary. Another form is described in the second 
cascade machine. patent. 


At Junction Norrx miuu, Broken Hill, N.S.W. (9 Min. & Eng. Rev. 296) ten 16-in. 
(diam.) X 24-in. pots in series, five for lead flotation and five for zinc treated 22 tons per hr. 
Fairchild (104 J 392) reports failure of cascade machines on 
low-grade copper ore at Ray CoNSOLIDATED, the apparent fault 
being lack of sufficient aeration. 

Ross (1,328,456/1920, Fig. 47). Oiled pulp is discharged 
through pipe (7) onto inclined apron (1) forming the back of 
feed-box (2). The falling stream is met by a stream of water 
from injector (8) and then passes through feed box (2) into 
spitzkasten (3), where a bubble column forms and overflows lip 
(4). Tailing is re-treated in subsequent similar boxes. 

Appelquist and Tyden (1,367,223/1921). Oil, gasified or 
liquid, is fed with ore or pulp into a small hopper and there Fic. 47.—Ross_ cas- 
mixed and the mixture aerated by the cascade action of a jet of cade machine. 
water. The oiled and partly aerated pulp discharges with 
more or less fall into a spitzkasten where flotation takes place by bubble-column action in 
the usual fashion. 

Luckenback (1,397,815/1921) describes a machine similar to Seale and Shellshear 
(1,311,919; 1,311,920.) 

Bonnell (1,399,539/1921, Fig. 48). Oiled feed pulp entering machine through pipe (17) 
is elevated by air-lift (24) to apron (21) and discharged onto the pulp in spitzkasten (12). 
Some minera!} may float by skin flotation, the majority is raised and concentrated by bubble- 


Fia. 48.—Bonnell cascade Fie. 49.—Donaldson Fie. 50.—Court cascade 
machine. cascade cell. machine. 


column action in the spitzkasten and overflows or is scraped off by scraper (30). Tailing 
enters an adjoining spitzkasten for similar treatment. Some, but very little, of the air 
introduced in the air-lift remains in the pulp through its passage down the apron. 

Donaldson cell (Fig. 49) was used for a time as a scavenger at the Arizona Coppmr Co. 
mill (103 J 665). During 1915-1916 three boxes in series recovered about 1800 lb. of copper 
per 24 hr. in an 11 per cent. concentrate. 

Court (1,470,350/1923) describes a cascade apparatus (Fig. 50) consisting of a double- 
conical shell containing a deflecting plate (d), fed by a nozzle (6) within an enclosing pipe, 
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the latter projecting below the pulp level in the machine. The bubble column is crowded 
by the upper walls of the cell and by a crowding plate and overflows into launder (e). 
An equalizing pipe permits regulation of pulp level by by-pass to the succeeding unit. 
Tailing discharges by gravity from the apex of the lower cone. The inventor recommends a 
number of units in series. 

Experiments at Mramr Copper Co. showed that the pipe enélosing the nozzle had no 
other function than to prevent mechanical destruction of the bubble column by splash of the 
entering stream. This and similar devices have been tested at several mills, e.g., Op 
Dominion, Brapen, Mrami, and have been found of no particular worth except to scavenge a 
minute amount of mineral from tailing. 

Christensen (1,521,277/1924) describes a horizontal revolving cylinder whose lower surface 
just touches the upper surface of the pulp in a chamber that connects by suitable conduits 
with the bottom of two spitzkasten set back-to-back. Revolution of the cylinder throws 
pulp against a curved hood whence it falls into the 
spitzkasten. This is simple cascade action. 

Hynes (1,394,306/1921, Fig. 51). A plurality of 
impellers (36) formed of perforated disks, set close to- 
gether on a horizontal shaft and revolving somewhat 
less than half submerged. Discharge of agitated and 
aerated pulp through slot (19) into spitzkasten (17). 
The machines used at the Rosrprrry mriL, Sandon, 
B. C. (114 J 679) had 35, 50 and 100 disks. The tank 
of the 50-disk machine was 6 ft. long, 5% ft. wide and 
4 ft. deep. Disks were 30 in. diameter, of 12-gage steel, 
with 4-in. holes on 7%-in. centers and were placed 14% ya, 51.—Hynes flotation 
in. apart: Speed was 90 r.p.m. Performance at this machine 
mill was superior to that of the M.S. standard machine. i 
There may be some agitation-froth action in this machine, in addition to the cascade 
action, but the speed is relatively slow and the appearance in the spitzkasten is distinctly 
that of a bubble-column machine, 


12. Centrifugal bubble-column machines 


These machines are sometimes known as SUB-AERATION MACHINES. They 
introduce air into the pulp by reason of the centrifugal force induced by a 
mechanism rapidly revolving in the pulp. Some of these machines have 
enjoyed considerable use in the mills, although such use has been small by 
comparison with the agitation-froth and pneumatic machines. Various 
forms of the apparatus are listed below. 


Higgins and Stenning (1,155,815/1915, Fig. 52). Oiled pulp is fed through slot (J) into 
compartment (A) where it is aerated by air drawn in through pipe (Z) by reason of the cen- 
~ trifugal pumping action of impeller (B). Aerated pulp passes up 
and under baffle (Z) into the upper part of chamber (A) where 
typical bubble-column action is set up in and above a body of pulp 
protected by the inclined partition from the agitation caused by 
the impeller beneath. Froth overflows lip (NV) while tailing passes 
on through a valve-controlled slot (/) for further similar treatment. 
The machine is inefficient on its face, by reason of the obstruction 
offered to the rise of air bubbles after introduction and has had 
little or no mill use. Asinsome of the other centrifugal machines 
later described, there is a small amount of pulp-body concentration 
(agitation-froth type) in this machine, the proportion with regard 
to the whole action increasing as the amount of air inflowing through 
pipe (Z) is decreased. 

Higgins (1,155,816/1915). Other forms of apparatus similar to 
that just described. 

Owen (1,155,836/1915, Fig. 53) describes a practical form of 
Fic. 52.— Higgins apparatus eonsisting of a circular tank (J) with radial baffles (Z’) 
and Stenning sub- to prevent vortical action of pulp therein, a pump impeller (D), 
aeration machine. feed inlet (7), tailing outlet (47), and constricted concentrate over- 

flow rim (P). Air, pumped in through pipe (N) and regulating 
valve (O) by the action of impeller (D) is dispersed through the pulp by the action of the 
impeller and, rising through the pulp, forms a bubble column at the top, in which concen- 


tration takes place. 
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Fagergren and Green (1,195,453/1916, Fig. 54). A square pyramidal box (6) contains 
an inner box (17), perforated plates (30), (31) and (32) and a cross-shaped impeller (26) on 
a vertical spindle (29). Pulp enters through pipe (19). Air, introduced through pipe (20) 
with the feed pulp, is dispersed therethrough by the impeller and rises to form a bubble 
column at the top, causing concentrate to overflow into launder (9), as indicated by the 
arrows. ‘Tailing, falling, is deflected over the lip (18) of box (17) and discharged through 
pipe (23). The perforated plates (30,) (31) and (32) prevent the turbulence set up by the 
impeller from reaching and disturbing the bubble column. 


Fig. 53.—Owen sub- Fic. 54.—Fagergren and Green Fic. 55.—Groch sub- 
aeration machine. sub-aeration machine. aeration machine. 


Groch (1,276,753/1918 and 1,413,723/1922, Fig. 55). Air, drawn down the hollow impeller 
shaft (f) by reason of the rotation of the specially designed impeller (PF) at the bottom, is 
dispersed through pulp in the box (B). Aerated pulp flows by gravity through the ports 
(y) into the spitzkastefi (a), in which separation takes place by bubble-column action. 
Ports (n) allow circulation of pulp from the spitzkasten back, by means of the pumping 
action of the impeller, to the aerating chamber of the same compartment, and other ports 
(not shown) pass pulp from the spitzkasten into a chamber corresponding to (X) below the 
impeller in the following compartment. 

Groch and Simpson (21 CMI 145) describe a commercial machine 14 ft. long X 5 ft. 
wide containing 6 impellers, having a capacity of 35 to 75 tons per day and consuming 7.5 hp. 
They state that at 200 rp.m. the vacuum in the hollow shaft becomes measurable, at 450 
r.p.m. it is equivalent to 2.75 in. of mercury and at 750 r.p.m. to 6 in. 

Ruth machine (1,445,042, 1,463,405 1923, Fig. 56) is similar to the Groch apparatus. It 
consists of a box (a) divided by partition (b) into an aerating compartment (c) and a spitz- 
kasten (d). The aerating compart- 
ment is fitted with a grid (g) which pre- 
vents the creation of a vortex in the 
upper part of the chamber. A hollow 
vertical shaft (e), open at the upper 
end, extends into the aerating com- 
partment and carries at its lower end 
a disk (f) for circulating pulp and in- 
troducing air. The revolution of the 
disk in the direction shown by the 
arrow produces a vacuum behind the 
shields (Y) over the air passages and 
air passes in through the hollow shaft 
to fill these spaces. The rotation of 
the disk also causes pulp to be drawn 
up through the passages (X) from the 
chamber (hk) which opens into the 
lower part of the spitzkasten. Sepa- 
ration takes place in the bubble 
column above the compartments (c) 
Fie. 56.—Ruth machine. and (d) and concentrate in the form of 

froth is overflowed at the lip (i). 

In the standard machine the disk is made 14 in. diameter and the hollow shaft is 1.1 in. 

inside diameter. The machine is driven at from 270 to 300 r.p.m. A capacity of 150 to 
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200 tons per day with a power input of about 1 hp. per spindle is claimed for an 8-cell 
machine. It is also claimed that 20-mesh material can be treated. These claims seem 
decidedly optimistic and probably a considerably lower tonnage of pulp ground to the usual 
flotation size (65-mesh) must be handled in order to get good results. At Zinc CorPORATION 
Mrnzg, Broken Hill, Australia (418 P 88) impellers 10 in. diameter X 2 in. deep at 700 r.p.m. 
required 2.1 hp. per spindle. ; 

Kraut (1,322,909/1919, Fig. 57). Pulp fed in at (a) is pumped by the revolving slotted 
cylinder (6) through the ports (c) into the shallow separating chamber (d) and there main- 
tained in its flow toward the tailing- 
discharge box (e) by the rotating cyl- 
inder. The revolution of the cylinder 
also causes air to be drawn in at the 
ends thereof (f) and to pass through 
the ports (g) into the pulp and there- 
with into the separating chamber. 
Herein the air forms a bubble column 
with the oiled pulp causing flow of 
froth concentrate over the lips (h). 

Hebbard sub-aeration machine is 
shown in Fig. 58. It consists of a Section A-A A 
trough (A) partially sub-divided Section B-B 
into compartments by _ partitions Fig. 57.—Kraut sub-aeration machine. 

(), in which compartments are 

rotated vertical spindles (a) carrying at their lower ends disks (b) with radial arms on the 
lower face. The machine pictured is known as a 24-in. machine, so denominated by the 
diameter of the disks. The trough (A) is 3 ft. wide, 24 ft. long, and 5 ft. deep, allowing 
3 X 3 ft. cross-sectional area for each 24-in. disk. Feed is introduced into the machine 
under the first disk, through a feed pipe (e) from a pressure box (d), or it may be introduced 
by means of an ordinary feed box through a slot in the end wall. Air under from 2 to 5 lb. 
pressure per sq. in. is supplied through the pipes (g) directly under each disk except the first. 
In machines fed through the end of the trough, air is also supplied under the first disk. 
Froth overflows the sides of the trough. Tailing is discharged through the slot (l) into the 
box (m). Pulp level is regulated by means of the valve in the discharge pipe (0). 
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Fic. 58.—Hebbard machine. 


The capacity of a 24-in. machine is about 80 tons of sandy feed per compartment per 
24 hr. in a pulp containing 20 to 25 per cent. solids, with a power consumption of 10 hp. per 
spindle. An 18-in. machine treats about 40 tons per cell with a power consumption of 6.5 
to 7 hp. per spindle. At Insprration (102 J 619) the Hebbard machine drew 4.9 kw.-hr. 
per ton treated, including both spindles and compressed air furnished below the spindles. 
The air consumption is about 0.5 cu. ft. per min. per ton of daily capacity at a pressure of 
5 lb. persq. in. The machine has been almost uniformly unsuccessful in the mills. 


13. Combination bubble-column machines 


Many of the bubble-column flotation machines employ two or more of the 
methods listed for introducing the air necessary for bubble-column formation. 

K. and K. machine (Kohlberg and Kraut, 1,174,737/1916, Fig. 59) utilizes 
the principles of both the centrifugal-type and the cascade-type bubble- 
column machines. The essential parts are an aerating compartment (1 ) and 
a froth-separating compartment (3). Aeration is accomplished by rapid rey- 
olution of the cylinder (17), which is about 30 in. diameter and 9 ft. long. 
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Pulp is introduced at one end of the aerating compartment at a point some- 
what above the shaft (16) and discharges through a pipe at the other end of 
the settling compartment. The 
pulp level is maintained well 
below the center of the shaft 
in the aerating compartment. 
Circulation of pulp within the 
machine is accomplished 
through the ports (11). Aera- 
tion is accomplished differently 
according to which of the cyl- 
inder surfaces (A), (B), (C), 
(D) is used. When (B) or 
(C) is used, air is carried into 
the pulp on the down-coming 
side in the spaces between the 
cleats. This is essentially the 
action of the plunging stream 
in the cascade-type machine. When type (D) is used there is, in addition 
to air thus carried into the pulp, a creation of vacua in the ports (21) into 
which air passes from the center of the cylinder. A similar combination 
of phenomena occurs in the use of (A). The direction of rotation is as 
indicated by the arrow. Partially aerated pulp is thrown through the 
port (7) onto the body of pulp in (3) and flows under hood (8) and over the 
baffle (9) thus introducing air into the pulp in (3). Froth overflows the lip 
of compartment (3). Air is allowed to enter through pipes (23) and water can 
be added through pipes (26). 


The K. and K. machine is ordinarily driven at from 
160 to 200 r.p.m. The capacity varies from 30 to 100 
tons per 24 hr. with a power consumption of from 10 to 15 
hp., according to the volume of pulp passed. Hardwood 
impeller slats last 6 weeks to 3 months. Watt (67 A 
376) gives the following data concerning K. and K. ma- 
chines in souTH-EAST Missourr. Cylinder housing, 30 
in. diameter by 10 ft. long; cylinder shaft 3746 in. diam- 
eter; drum lagged with 16 strips spaced 12 in. edge to 
edge, each strip carrying four hardwood riffles; minimum 
clearance between riffles and housing, % in.; speed, 180 
to 200 r.p.m. Floor space required is 4 X 14 ft. and 
headroom 3 ft. Capacity, 50 to 80 tons per 24 hr. Power 
consumption, 10 to15 hp. Weight, wood type, 2500 lb.; 
steel, 3500 Ib. 

Ziegler (1,324,139/1919). The usual form is shown 
in Fig.60. It is similar to the K. and K. machine except that the rotating cylinder is 
placed higher with respect to the spitzkasten and air-lifts are used to aid pulp circulation. 
Cylinder speed is about 175 r.p.m.. About 30 to 50 cu. ft. 
of air per min. is required for the air-lifts in a 5-cell machine 
and 5 to 6 hp. to drive the cylinder. Capacity on ordinary 
pulps is 75 to 100 tons per 24 hr. (105 J 707). 


Fie. 59.—K. and K,. machine. 
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Fig. 60.—Ziegler machine. 


Rork and Sandberg machine (1,454,656/1923, 
Fig. 61) is a combination of the pneumatic and 
cascade types. The essential parts are a long 
slatted cylinder (a), about 30 in. diameter by 9 ft. 
long, revolving in the direction indicated by the 
arrow, a transversely compartmented spitzkasten (b), 
provided with air baskets (c) and valves (d) for regulating circulation of pulp. 


Fic. 61.—Rork and Sand- 
berg machine. 
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Feed is introduced at one end of chamber (e), lifted by the paddle wheel, and 
thrown into the first spitzkasten, thus aerating the pulp therein by cascade 
action. Further aeration is effected by air introduced through the porous 
medium (c) and a bubble column is built up and overflows. Tailing from the 
first spitzkasten passes back into chamber (e) and is thrown into the adjoining 
spitzkasten and thence in similar fashion until it discharges from the bottom 
of the last spitzkasten. Three to five is the usual number of compartments. 


A modification of this type of machine has been used in various plants of the Phelps- 
Dodge Corp. At Morenct a single-cell machine treated 35 to 45 tons per day and a 3-cell 
machine 60 to 90 tons with a power consumption of 13.5 hp. for the single cell and 25 hp. 
for the 3-cell machine. The pulp contained 20 per cent. solids. Paddle speeds were 160 
and 200 r.p.m. respectively. Tailing and concentrate on the same feed were substantially 
the same on both types of cell. At Burro Mounrarn the roughing cells were 3- and 5- 
compartment and the cleaners 2-compartment. The smaller roughers handled 85 tons per 
24 hr. and the larger 130 tons, in pulps containing 18 to 20 per cent. solids. Power con- 
sumption averaged 27 hp. per cell at 200 r.p.m. Life of hardwood paddles was 60 to 100 
days on feed containing 4 per cent. + 48-mesh. 


Parker (1,492,933/1924) describes a combination centrifugal and plunging- 
stream bubble-column machine, similar to the K. and K. except that the set- 
tling compartment is not divided off from the cylinder. 


This machine was used at Bunker Hintu anp SuLiivan. Three machines in series 
treated 75 tons per 24 hr. of 7.0 per cent. lead ore, 95 per cent. — 200-mesh, in a pulp con- 
taining 33 per cent. solids. The oil mixture was 80 per cent. Barrett No. 4 and 20 per cent. 
steam-distilled pine oil; total added, 0.28-lb. per ton. Each machine drew 7 hp. at 78 r.p.m. 
Concentrate from the three machines, combined, assayed 60 per cent. Pb. Tailing went toa 
Callow cell which made a 1.5-per cent. tailing and 12-per cent. overflow, which was returned 
to the head of the Parker cells. ‘ 

Dunn (1,219,089/1917, Fig. 62). Pneumatic and cascade. Pulp introduced into spitz- 
kasten (A) is projected with gas (air) and oil into chamber (B) by means of injectors (17) 
until the pulp level in (B) builds up sufficiently to overflow (15) and fall back onto the sur- 
face of the pulp in the spitzkasten, when a bubble column builds up in (A) and overflows as 
concentrate at (K). Tailing discharge is at the opposite end of the spitzkasten from the 
feed inlet. 


Fic. 62.—Dunn flotation Fic. 63.—Welsch flo- Fic. 64.—Brown flo- 
machine. tation machine. tation machine. 


Welsch (1,253,653/1918, Fig. 63). In a spitzkasten (10) one or more air-lifts (16) dis- 
charging in a closed pulp-sealed chamber (15). Pulp in the spitzkasten is aerated by the 
escape of air under the walls (12) and also by the air introduced by the cascade action of the 
air-lift discharge, resulting in the formation of a bubble-column and an overflow of concen- 
trate. Feed enters by a pipe (11) at one end of the spitzkasten and tailing discharges by a 

imi ipe at the other end. 
Pe ret it oad tn itais), This is a patent for differential flotation (see p. 877) but it inci- 
dentally discloses an operation in which the flotation reagents are mixed with pulp in closed 
agitation chambers so fed that no gas is present during the agitation, then discharged into 
an air-lift and thence with a free fall onto the surface of pulp in a spitzkasten. ; : 

Brown (1,351,155/1920, Fig. 64). In a spitzkasten (2) an air-lift (3), (15), (6), (7) dis- 
charging onto the surface of pulp in the spitzkasten. Pulp is fed through pipe (20) in the 
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down-going leg of the air-lift, aerated in the uprising leg (5) and further aerated in the fall 
into the spitzkasten. The bubble column overflows lip (9) and tailing goes over a weir (21), 
(22) into an adjoining feed compartment or to waste. There is also circulation of pulp 
within each compartment by a connection between the spitzkasten and corresponding air- 
lift. 

Otsuka (1,393,821/1921). A modification of the K. and K. machine in which pre-mixing 
chambers are provided and air under positive blower pressure is introduced into the main 
aerating chamber. ' : 

Robbins (1,398,394/1921). In a Dorr thickener or similar apparatus, a grid of porous 
pipes suspended above the rakes for gas (air) introduction, and an air-lift or similar device 
centrally located for lifting settled solids to revolving distributing arms abovethe pulp surface. 
Aeration is both pneumatic and by cascade action of the circulating pulp. The bubble 
column overflows peripherally and tailing is disposed 
of by the central bottom discharge usual in Dorr 
thickeners. 

Gross, Akins and Bucher (1,401,535/1921, Fig. 
65). Pulp introduced through (S) into the bottom 
of chamber (A) is caught up by the spiral sand pump 
which, on further revolution, engulfs air from cham- 
ber (C). The mixture of air and pulp discharges 
from the spiral pump centrally and laterally into a 
squirrel cage surrounded by screen cloth, and thence 
is thrown out through the screen into the spitzkasten 
(H) and thus introduces more air by cascade action. 
There may be, also, some agitation-froth action by 
Fic. 65.— Gross, Akins and reason of the revolving parts in the body of pulp, but 

Bucher flotation machine. this is small on account of the relatively low speed. 

The bubble column formed in the spitzkasten over- 
flows lip (K), middling is circulated, as indicated by the arrows in the spitzkasten, tailing 
discharges through a pipe at the opposite end from the pulp-entry. Some regulation of the 
extent of aeration is afforded by valve (D). 


14. Atomizing 


Atomizing processes differ from ordinary bubble-column operations only 
in that the oil is introduced in the form of a gas or vapor or a very fine spray 
with the air. .The only essential difference between these processes and those 
in which liquid oil is added to the pulp is that, in atomizing, the oil, when 
introduced, is already finely divided, and dispersion throughout the pulp is, 
therefore, more rapid than in the case of liquid addition. Most of the patents 
state that this method of oiling lessens the amount of oil required, but this 
has not been the case in practice. All of the air introduced may be oiled, or 
only a part, in which latter case the oiled air is introduced first, as through the 
first compartments of the air basket in a pneumatic cell. Atomizing is first 


disclosed in patent 793,808 (see p. 808). Subsequent patents are described 
below. 


Gréndal (1,202,512/1916) describes “‘ . . . distributing the oil in a streaming elastic fluid 
under pressure such as steam or air and afterward mixing the steam or air under pressure 
with its contents of oil with a large quantity of an elastic fluid such as air or any other gas 
and then pressing the mixture into water holding the ore suspended.” 

Dunn (1,219,089/1917, see p. 823) describes also addition of oil by atomizing. 

Schwarz (1,237,961/1917) describes the use for flotation in a bubble-column machine 
(since the use of an agitation-froth machine is practically debarred by the exigencies of the 
operation) of a gas other than air together with an oil; the whole apparatus being sealed 
from the atmosphere and the gas, with oil vapors contained, being re-used. 

Scott (1,246,665/1917) describes ‘‘ . . . using a volatile oil, impregnating the air with the 
gasified volatile oil, and introducing the gaseous mixture of air and oil into the pulp. . . .” 
In 1,508,478/1924 he describes the use of atomized oil in the agitation-froth process. 

In 1,261,303/1918, Scott claims “ . . . that it is not necessary to use any oils whatever 
in the [flotation] process, that is, it is not necessary to use any of the liquid substances here- 
tofore employed in the flotation process, but that the concentration of the ore can be 
affected by the use of an admixture of air with a permanent gas . . . [t.e.], a substance 
that remains gaseous under ordinary conditions as opposed to vapors which condense at 
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ordinary temperatures . . . of the atmosphere and of the pulp. . . .’’ Acetylene is given 
as an example. 

, In 1,365,281/1921, Scott says: ‘“‘ . . . it has heretofore been proposed to dissolve a soap 
in the pulp and to decompose the soap by means of a mineral acid also mixed with the pulp, 
thus freeing the fatty acid contained in the soap. ...I dissolve the soap in the 
pulp as formerly . . . but introduce the mineral acid in gaseous form in admixture with the 
air... the gaseous mineral acid within the bubble reacts with the soap in solution in 
the pulp . . . with the result that the fatty acid . . . is freed at the precise place where its 
properties are to be utilized, namely in the interfacial film.” Any mineral acid that can be 
maintained in the gaseous condition while being introduced with the bubble-forming gas 
may be used, and under some conditions the mineral acid may be introduced in a finely- 
divided liquid or solid form with the gas. Any substance that is capable of reacting with a 
substance in the pulp to produce a third substance that will effect flotation, may be intro- 
duced with the gas. 

In 1,369,045/1921, Scott describes the addition of acid with the bubble-forming gas to 
effect economy in acid consumption in the case of ores containing a constituent that reacts 
with and consumes acid. 

Dosenbach (1,257,329/1918) states that ‘‘it is unnecessary that the modifying agent 
{oil] mixed with the air be in the gaseous or vaporized form, [referring to a preceding patent] 
but efficient results are obtained if the modifying agent in the liquid form is minutely sub- 
divided, so . . , as to be carried with the stream of air in the form colloquially referred to as 
a‘fog’ .. . the modifying agent is not injected into the pulp by means of an atomizer or 
injector, but a mixture of air with a modifying agent so finely divided as to remain sus- 
pended in the air is prepared in advance and a mixture of air and modifying agent so pre- 
pared is then . . . introduced into the ore pulp through a porous medium.” 

In patent 1,350,364/1920, Dosenbach describes the removal from an oil of the water-sol- 
uble and/or condensable portions and the introduction of the balance in gaseous form with 
air. In patent 1,354,031/1920, he describes apparatus for practicing atomizing and vapor- 
izing methods in flotation operations. 


Moffatt (1,400,308/1921) describes a method and illustrates apparatus 
for atomizing that was us@g on a large scale for treatment of porphyry copper 
ores. (Fig. 66.) The description applies to flotation in a pneumatic cell of 
the Inspiration type (see p. 813). The agent 
is any flotation oil such as oil, tar, creosote, 
etc. The porous mat or section of the cell floor 
through which the mixture of flotation agent 
and air is admitted is preferably at the feed 
end of the cell. Porous mats are preferably 
made of molded material such as porous 
cement made by bonding rock screenings with 
Portland cement, 6- to 8-mesh size being used 
for the more porous mats through which agent 
is to be introduced and 20-mesh size for the 
less porous mats for air alone. In the dia- 

rammatic sketch (28) is a low-pressure blower, |. it - 

(29) an air heater, (30) a receiver with pipes Bic. He be Pads gc 
(32) leading to the oiling compartments of the Be is : 
flotation cells. (86) is a tank containing flotation agent in liquid form, with 
oil-supply pipe (45), and a pipe (42) for supplying high-pressure air from 
receiver (41) and compressor (40) for atomizing. (38) is an atomizer for dis- 
persing the oil in the current of heated air in (31). Condensed oil is drawn 
by pipe (50) into tank (52). (57) is the unoiled-air main for supplying air 
to the later air baskets of the machine. 

we to 6000 tons per day was treated in four 15-cell 
des TASS ote eae ea EM (GS< wht compartments) with oiled air 
introduced through the first six bottoms in each machine. The oil mixture consisted of 
one part of steam-distilled pine oil to 6 to 10 parts of coal-tar creosote, the total averaging 


ili te. Rougher concentrate went to 
1.34 Ib. per ton of ore. Rougher tailing was sent to was 
fourteen 9-compartment Inspiration-type cleaners, the last three compartments run counter- 
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current and discharging from cell No. 7. Cleaner concentrate was finished and cleaner 
tailing sent to waste. With a feed averaging 0.626 per cent. Cu, average tailing for one year’s 
operation was 0.341 per cent., concentrate 16.93 per cent. and recovery 46.6 per cent. 
Oxidized copper in feed and tailing ranged from 0.25 to 0.40 per cent. 


15. Combination pulp-body and bubble-column processes 


A number of the processes described in flotation patents are combinations 
of one of the methods of pulp-body concentration, usually the agitation- 
froth, with one or more of the bubble-column methods. These combination 
processes sometimes give a better metallurgical result than can be achieved by 
either type of process alone,.but the improvement is oftentimes made at an 
expense for additional power and equipment that results in a poorer com- 
mercial result. 

Machines utilizing agitation-froth and pneumatic treatment are described 
in the following patents: 


Callow (1,124,853/1915). See p. 811. 

Clawson (1,240,824/1917). Pulp with reagents is fed into the feed hopper of a centrif- 
ugal pump which is fitted with an extension casing containing 
agitator blades mounted on an extension of the pump shaft. 
The pump discharges through an injector and thence through 
a zigzag pipe into a spitzkasten. Froth overflows and tailing 
discharges from the apex. The spitzkasten is closed over and 
the closed space connected by pipe with the injector, in order 
to re-use any gaseous frothing agent. 

Jones (1,326,453/1919, Fig. 67). Vertical spindle (10) 
carrying two cross-bladed, 45-degree impellers (11) and (17) 
is suspended in the cylindrical baffled agitating compartment 
(12), open at the top to the atmosphere and at bottom to the 
annular conical space (16). An annular sloping porous medium 
(23) on top of the air chamber formed by the walls (12) and 
(15) is supplied with air under pressure through pipe (24) and 
the air passes into the pulp through this medium. Feed 
enters by pipe (25) and passes into the agitation compart- 
ment. Agitated and aerated pulp is discharged from this 
compartment over the porous medium (23). Froth overflows 
rim (4). Tailing discharge through pipe (30) is controlled 
by the automatic ball valve (28). This is a combination of 
Fie. 67.—Jones-Belmont agitation-froth and bubble-column action similar to the Janney 

flotation machine. mechanical-air machine. : 
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Janney mechanical-air machine (1,342,115/1920; 1,457,077/1923) utilizes 
pulp-body concentration by the agitation-froth method and bubble-column 
action by pneumatic and cascade means. The machine as installed in the 
mills is shown in Fig. 68. The combination of processes is effected by placing 
air baskets in the froth-separating compartments of a Janney mechanical cell 
and effecting therein further aeration of the pulp discharged from the agitating 
compartment, by reason of the cascade action of the incoming spitzkasten 
feed and by air introduced through the porous bottom. The agitating com- 
partment is the same as that in the Janney mechanical machine, and has an 
individual vertical motor. The three-compartmented air baskets in each froth- 
separating compartment are supplied with air at from 4 to 5 lb. pressure on the 
supply side of the regulating valves. The machines are set up end-for-end as 
indicated in the drawing. The first machine in series is usually preceded by 
a Janney emulsifier Pulp passes from the emulsifier discharge box, which 
may be taken as represented by box (a) in the drawing, through a pipe by 
gravity into the agitator compartment of the machine and is thrown up over 
the top of the agitator compartment onto the air baskets. Froth overflows 
the lips of the air-basket compartments, The tailing is in part circulated 
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through the pipes (b) and finally passes through the adjustable overflow slots 
(c) into the tailing-discharge launders (d) and thence to the following machine. 
By thus utilizing both methods of froth concentration it is possible to make a 
good recovery in a relatively small number (5 or 6) of the machines in series. 
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Fig. 68.—Janney mechanical-air machine. 


The capacity of a 24-in., 5-compartment machine on silicious ore in a pulp containing 
20 to 25 per cent. solids, is 150 to 200 tons per 24 hr. The power consumption per agitator 
is6to7hp. The air consumption per square foot of air-basket is from 5 to 10 cu. ft. of free 
air per min. at 4 to 5 lb. pressure, corresponding to an additional power of 5 to 8 hp. per 
machine. 


The froth in this machine, as in others of its type, is not to be distinguished 
from a typical bubble-column froth from a cursory observation. It is prob- 
able that a large part of the increased metallurgical recovery is due to the fact 
that the buoyancy of the air-mineral agglomerates formed in the agitation 
chamber results in the presentation of a greater proportion of the mineral 
to the lower layer of the bubble column for treatment, but that the final 
effective concentration in the machine is due wholly to bubble-column action. 

The flotation section of the ARTHUR plant of the Utah Copper Co. has 13 sections, each 
containing 55 of these machines, built, however, of concrete instead of wood and using 


vitrified tile instead of iron pipe for the puip-circulating pipes. 
Shimmin and Bushnell (1,402,099/1922), See p. 827. 


Machines utililizing agitation-froth and cascade action are described in 
the following patents: 

Janney (1,167,076/1916, see p. 802). In this machine, although the bulk 
of the flotation is of the agitation-froth type, nevertheless a considerable 
amount of air that is effective in making the froth buoyant is introduced by 
cascade action in the discharge of the pulp from the agitation chamber into 
the spitzkasten. 
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Piersol (1,335,600/1920, Fig. 69). Pulp with oil is introduced into chamber (5) and is 
agitated and aerated therein and then thrown through conduit (13) into the pulp in the 
spitzkasten. Pulp circulates from the spitzkasten back into the agitation compartment 
through conduit (18) and tailing discharges through pipe (32). The proportion of the recov- 
ery due to agitation-froth treatment will depend upon the speed of the impeller; if that is 
low, most of the recovery will be due to cascade action and vice versa. : ; 

Haley (1,357,556/1920). This is an apparatus consisting of a spitzkasten fed with oiled 
pulp pumped by means of a centrifugal pump with air admitted to the suction pipe through a 
nozzle discharging above the surface of the pulp in the spitzkasten. : ' P , 

Boggs (1,390,080/1921, Fig. 70). Ore is fed into chamber (A) with oil and is agitated 
by the slatted wheel carried on shaft (9) and thrown over into box (C) where it is further 
agitated by a similar wheel and finally thrown through slot (27) onto the surface of the pulp 
in spitzkasten (D). Concentrate froth overflows the spitzkasten; tailing } discharges 
through pipe (32) into conduit (#), fitted with a spiral for elevation of sand tailing. Pulp 
may circulate through slot (F) back into the agitation chamber (A). 


Fie. 69.—Piersol flotation machine. Fic. 70.—Boggs flotatisa machine. 


Daman (1,556,083/1925) describes an apparatus in which the agitating compartment 
is placed so far below the spitzkasten that an air-lift must be used to return the agitated pulp 
to the spitzkasten. He thus obtains cascading of the return into the agitating compart- 
ment (which is wasted and useless) and also of agitated pulp into the spitzkasten, which is of 
some, though little effect.. His apparatus also attempts, by suitable valve arrangement, to 
pass sandy tailing directly from compartment to compartment while slime is circulated 
several times in each compartment, without agitation, however. This lack largely vitiates 
any useful idea involved in slime circulation. 


Machines utilizing agitation-froth and centrifugal or sub-aeration bubble- 
column action are described in the following patents: 


Seale and Shellshear (1,341,024/1920, Fig. 71). Feed pulp admitted at (B) is 
pumped by impeller (/) through chamber (@) into separating compartment (A) and at the 


same time impregnated with 
air introduced through pipe 
(K’), which is curved and 
perforated at the lower end 
as shown at (K2). In com- 
partment (A) a, bubble column 
forms on the surface of the 
pulp. Crowding boards (J) 
deflect the bubble column to- 
ward the overflow lips. Pulp 
from the first compartment 
Fic. 71.—Seale and Shellshear flotation machine. flows toward the right where, 

in chamber (G2) it meets two 
impellers, the first directing it back toward compartment (A’), the second pumping it 
onward toward compartment (A). Here it is further impregnated with air introduced 
through another pipe (K’) and again passes into a separating chamber. . Similarly in 
succeeding units. Tailing is discharged over a weir into box (0%), thus maintaining 
the desired pulp level in the cell. Coarse sand is discharged at (C2) as necessary. 

Kraut (1,549,492/1925). A downwardly-converging perforated conical rotor, closed 
except for afew holes at the top, revolving on a vertical spindle in a similarly-shaped 
chamber of slightly larger size which is, in turn, centrally mounted in fixed position in the 
center of a square pyramidal spitzkasten. The enclosing chamber is open at the bottom 
and has ports at about the pulp level. Revolution of the impeller causes aeration of the 


pulp both by agitation and by centrifugal action. Aerated pulp is discharged at the top 
of the fixed enclosing chamber and enters it at the bottom. 
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Lemmon-Hebbard machine (Fig. 72) was developed at Tun Mr Cuune (33 IMM 8) 
to answer a demand for more vigorous frothing. It consists of a standard high-level M. S. 
machine with air intro- 
duced under the impeller, 
a grid baffle placed in the 
beater box just above the 
outlet to the spitzkasten 
and bubble-column over- 
flow provided by cutting 
down the back of the 
beater box. The capacity 
of the machine was twice 
that of the standard ma- 
chine and power consump- 
tion was reduced about 6.5 
per cent. per spindle (to 7.1 
hp.). 


Miscellaneous proc- 
esses and apparatus, 
none of which has had 
any commercial appli- 
cation nor carries on 
its face any promise 
of success, are described in the following patents. 


Nutter and Hoover (1,093,463/1914). This is an apparatus designed to cause “ the 
froth as it is formed [by agitation-froth action] to fall over a trap baffle or wall below the 
level of the free air surface whereby the froth is collected and removed from the pulp before 
the bubbles can burst.’’ The idea is impractical. 

Wood (1,155,861/1915). This is a sub-aeration machine to be used without a frothing 
agent. It is expected that air bubbles attached to mineral particles will rise to the pulp 
surface and there break and drop their load onto a tray which discharges through the side of 
the box. The usual baffles are provided to prevent vortical action at the pulp surface. But 
this is a bubble-column machine; air bubbles do not arise carrying a load predominately 
mineral but pushing ahead of them a load of pulp. Concentration does not take place 
unless a bubble column is formed and an effective bubble column cannot be formed without 
a frothing agent, 7.e., an agent that modifies the surface tension of water. 

Dolbear (1,343,313/1920) describes an apparatus that is essentially a pneumatic bubble- 
column machine in which the bubble column is supposed to be maintained below the gen- 
eral surface of the pulp underneath a transverse inclined baffle, and to discharge through 
valved openings in the side wall. The idea is ingenious but unworkable as the pressure of 
the head of pulp above the mass of bubbles would cause them to collapse, allowing the air 
to escape through the ports and the solid to drop back into the pulp. 

Scott (1,375,233/1921). This is a porous-bottom tank arranged with a suction filter, such 
as the Oliver (see p. 1003), mounted above it in such a way that the filter drum dips below 
the surface of the liquid in the tank. It is stated that air bubbles carrying mineral will rise 
through the pulp and come into contact with the filtering surface, and that the air will be 
abstracted leaving the mineral adhering to the surface. Asstated above (Wood, 1,155,861), 
the rising bubbles do not carry a mineral load, hence no such action can take place. 

Dosenbach and Scott (1,401,055/1921). This is an apparatus built on the same theory 
as the preceding and failing for the same reason. It seeks to introduce air into an ore pulp 
through a porous medium and, by various means, to prevent the formation of a bubble 
column, by breaking the bubblesas they reach the pulpsurfaceand collecting, as concentrate, 
the solid load that they drop. But, since the rising bubbles in the pulp do not carry con- 
centrate, they cannot drop it 

Ellis (1,488,745/1924) describes electrically grounding the flotation machine to prevent 
formation of static charges. Considering the substantially complete impossibility of obtain- 
ing or maintaining insulation of an operating flotation machine, grounding would seem to be 
superfluous. 

Ellis (1,555,915/1925) recommends the use of oxygen or ozonised air as superior to atmos- 
pherie air for difficultly-floatable minerals, e.g., sphalerite. He ascribes the improved 
results that he claims to electrical effects. 

It is true that in the agitation-froth process, the more soluble the gas employed, the 
quicker the flotation effected. Thus carbon dioxide and nitrous oxide, with given flotation 
agents, yield considerably more rapid flotation than air. On the same basis oxygen should 
be somewhat more effective, but not sufficiently so to pay for its use. 


Fie. 72,—Lemmon-Hebbard machine. 


$30 FLOTATION See. 12. 


16. Flotation agents 


The term FLOTATION AGENT is used in this article to describe all substances 
added to an ore pulp for the purpose of aiding the separation therefrom, by 
flotation, of the valuable part. 


Oil, according to dictionary and ordinary text-book definition, is an organic liquid 
having a greasy, slippery or unctuous feel, chemically neutral, inflammable, and immiscible 
in bulk with water. Oils are called animal, vegetable or mineral according to their source. 
Oil chemistry makes further subdivisions, only one of which is important here, v2z.: the 
subdivision of vegetable oils into fixed oils and essential oils. Fr1xep ors are those that 
cannot be distilled, either alone or with steam, without undergoing chemical decomposition; 
those that can be so distilled are called VOLATILE or ESSENTIAL OILS. In flotation termin- 
ology the word oil has a much wider meaning than that above given. In its widest use it 
means any organic liquid added to the flotation pulp and common mill usage narrows this, if 
at all, only to the extent of requiring some oily feel or appearance. The word, therefore, 
includes substan¢es such as oleic and other fatty acids which are not chemically neutral nor 
distinctly inflammable; kerosene and gasoline, which, while neutral, have not a distinctly 
oily feel; synthetic compounds such as the ester, amyl acetate; and many others. The 
purpose of addition of flotation agents is different in different processes, but in all processes 
one of the purposes is to effect, or aid in effecting, selection of valuable mineral from gangue. 
Other purposes are: (a) in film flotation, to accentuate the resistance to wetting offered by 
the mineral to be floated, and thus to aid in the support of this mineral at the air-pulp inter- 
face: (b) in oil flotation, to act directly as the buoyant medium; (c) in froth flotation, to 


make possible the formation of a froth, and thus, indirectly, to aid in buoying the mineral 
to be floated. 


Alphabetical list of flotation agents described in U. §. patents up to Dec. 
30, 1925, follows: 


Acacia, 1,446,375, 1,446,376, 1,454,838. 

Acetic acid, 348,157, 1,452,662, 1,457,680. 

Acetic-phenyl-hydrazid, 1,364,306. 

Acetone, 962,678, 1,425,327, 1,448,929. 

Acetone phenyl hydrazone, 1,364,306. 

Acetylene, 1,261,303, 1,541,292, 1,541,293, 1,548,351. 

Acids (see also specific acids), 793,808, 807,501, 807,503, 807,504, 807,505, 807,506, 826,411, 
835,120, 835,143, 842,255, 865,194, 865,260, 879,985, 938,732, 955,012, 956,773, 962,678, 
1,045,970, 1,101,506, 1,104,755, 1,102,873, 1,126,965, 1,147,633, 1,156,041, 1,159,713, 
1,176,441, 1,182,890, 1,228,183, 1,228,184, 1,236,933, 1,236,934, 1,240,591, 1,240,596, 
1,240,824, 1,260,668, 1,269,157, 1,274,505, 1,286,922, 1,288,350, 1,302,966, 1,317,945, 
1,322,816, 1,329,127, 1,329,493, 1,335,612, 1,369,054, 1,394,640, 1,394,958, 1,398,989, 
1,398,990, 1,401,435, 1,417,261, 1,425,185, 1,425,186, 1,429,544, 1,438,435, 1,446,375, 
1,448,929; 1,452,662, 1,457,680, 1,467,354, 1,469,042, 1,473,192, 1,490,736, 1,541,292, 
1,548,351, 1,549,316, 1,560,170. 

Acid sludge, 1,170,665, 1,452,662. 

Acridine, 1,438,435. 

Acridine derivatives, 1,438,435. 

Acridine salts, 1,438,435 

Agar agar, 1,499,872. 

Albumen, 1,499,872. 

Alcohol (see also specific alcohols), 955,012, 1,094,760, 1,170,637 (sulphonated), 1,246,665, 
1,257,329, 1,364,304, 1,364,305, 1,364,308, 1,370,366, 1,386,716, 1,417,261, 1,417,262, 
1,417,263, 1,425,327, 1,448,929, 1,452,662, 1,549,316, 1,552,197. 

Aldehyde, aliphatic, 1,549,316. 

Aldehyde condensation product, 1,378,562. 

Aldehyde fatty acids, 1,549,316. 

Aldol, 1,378,562, 1,478,697. 

Aldol condensation products, 1,378,562. 

Alkali, 521,899, 807,501, 807,505, 807,506, 826,411, 835,143, 865,194, 865,260, 870,985, 
1,094,760, 1,176,441, 1,182,890, 1,203,341, 1,203,372, 1,203,373, 1,203,374, 1,203,375, 
1,208,171, 1,208,334, 1,228,183, 1,228,184, 1,236,933, 1,236,934, 1,240,597, 1,240,598, 
1,261,810, 1,301,551, 1,302,966, 1,317,945, 1,322,816, 1,329,127, 1,329,493, 1,364,304, 
1,364,305, 1,364,306, 1,364,307, 1,364,308, 1,364,858, 1,364,859, 1,370,357, 1,370,366 
1,370,367, 1,370,843, 1,378,562, 1,394,640, 1,394,958, 1,401,435, 1,417,261, 1,417,262, 
1,417,263, 1,421,585, 1,425,185, 1,425,186, 1,427,235, 1,429,544, 1,438,435, 1,446,314, 
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1,446,375, 1,448,929, 1,452,662, 1,469,042, 1,478,697, 1,490,736, 1,492,904, 1,497,699 
1,505,323, 1,512,139, 1,548,351, 1,552,197, 1,552,937. 

Aikaline alcoholate, 1,425,327. 

Alkyl-dithiocarbamate, 1,497,699. 

Alpha-naphthalene-azo-a-naphtha, 1,364,305. 

Alpha-naphthylamine, 1,228,183, 1,394,640, 1,412,215, 

Alum, 348,157, 1,022,085, 1,203,372, 1,300,516. 

Aluminum chloride, 1,425,185, 1,425,186. 

Aluminum dust, 1,539,120. 

Aluminum phosphate, 1,425,185, 1,425,186. 

Aluminum pyrophosphate, 1,425,185, 1,425,186, 1,425,187, 1,488,745. 

Aluminum sulphate, 805,382, 956,773, 1,425,185, 1,425,186. 

Amalgam (Hg), 1,257,990. 

Amido-thio-phenols, 1,364,307. 

Amino compounds, 1,394,640. 

Amino-azo compounds, 1,364,305. 

Amino-azo-naphthalene, 1,364,305. 

Amino-thio-phenol, 1,364,307. 

Aminoxylene, 1,240,598. 

Ammonia, 1,203,341, 1,254,173, 1,386,716, 1,417,262, 1,417,263, 1,541,293. 

Ammonium carbonate, 864,597. 

Ammonium chloride, 1,397,703. 

Ammonium hydroxide, 1,446,314. 

Ammonium persulphate, 1,300,516. 

Ammonium resinate, 1,191,053. 

Amy! acetate, 962,678, 1,102,873, 1,102,874. 

Amy] alcohol, 955,012, 1,102,873, 1,102,874, 1,425,185, 1,425,186, 1,488,745. 

Anilin, 1,364,304, 1,364,305, 1,364,308, 1,370,367, 1,394,640, 1,548,351. 

Anilin, acid salt of, 1,548,351. 

Animal fats, 1,467,354. 

Animal glutin, 1,499,872. : 

Animal oils, 348,157, 770,659, 787,814, 807,501, 807,502, 807,503, 807,504, 807,505, 842,255, 
899,478, 956,773, 1,045,970, 1,246,665, 1,257,329, 1,386,716, 1,457,680, 1,467,354, 
1,552,197. 

Animal wax, 1,467,354. 

Anthracene oil, 1,476,530. 

Antimony xanthate, 1,512,139. 

Argol, 1,234,288. 

Aromatic hydroxy compounds, 1,099,699, 1,438,436. 

Arsenic xanthate, 1,512,139 

Aryl dithio-carbamates, 1,497,699. 

Asphaltum, 807,501, 807,502, 807,504, 807,505, 807,506, 809,959, 842,255. 

Azines, 1,438,436. 

Azo-benzene, 1,364,305. 

Azo-compounds, 1,364,304, 1,364,305, 1,364,858. 

Azo-naphthalene, 1,364,305. 

Barium chloride, 1,203,372, 1,203,374. 

Barium sulphate, 1,446,376. 

Barrett No. 4, 1,375,957, 1,552,937. 

Barrett No. 634, 1,552,937. 

Benzene-azo-2-naphthol, 1,364,305. 

Benzene-azo-b-naphthol, 1,364,305. 

Benzene-azo-benzene-azo-b-naphthol, 1,364,305. 

Benzene-azo-phenol, 1,364,305. 

Benzene-diazo-amino-p-toluene, 1,364,305. 

Benzoic acid, 962,678. 

Benzol, 1,444,552. 

Benzol derivative, 1,055,495. 

Bicarbonates, 793,808, 1,421,585, 1,427,235. 

Beta-naphthylamine, 1,240,597, 1,394,640. 

Bismuth xanthate, 1,512,139. 

Bisulphites, 1,274,505. 

Bitumen, 809,959, 838,626, 1,398,989. 

Bituminous coal, 1,398,989. 

Black liquor (wood extract), 1,412,215. 

Blast-furnace creosote, 1,203,341, 1,326,855. 

Bleaching powder, 1,126,965, 1,286,922, 1,300,516, 1,548,351, 
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Blubber oil, 1,467,354. 

Borax, 621,899, 1,386,716, 1,417,262, 1,417,263. 

Boric acid, 1,417,261, 1,473,192. 

Bromine, 970,002, 972,459, 980,035, 1,552,937. 

Butyl alcohol, 955,012. 

Calcium carbonate, 956,773, 1,467,354, 1,541,292. 

Calcium chloride, 956,773, 1,203,372, 1,203,373, 1,203,374, 1,397,703, 1,425,185, 1,425,186. 

Calcium hydroxide, 1,203,372, 1,203,373, 1,203,374, 1,203,375, 1,254,173, 1,364,304, 
1,364,305, 1,364,306, 1,364,858, 1,364,859, 1,370,357, 1,370,366, 1,370,367, 1,370,848, 
1,378,562, 1,446,314, 1,446,375, 1,541,293. 

Calcium hypochlorite (see also Bleaching powder), 1,548,351. 

Calcium nitrate, 1,203,372, 1,203,373, 1,203,375. 

Calcium oxide, 1,364,304, 1,364,305, 1,364,306, 1,364,858, 1,364,859, 1,370,357, 1,370,366, 
1,370,367, 1,370,843, 1,378,562. 

Calcium polysulphide, 1,236,856, 1,469,042. 

Calcium resinate, 1,191,053. 

Calcium sulphate, 1,203,372, 1,203,375, 1,446,376. 

Calcium sulphide, 1,452,662, 1,469,042, 1,491,863. 

Calcium sulphite, 1,486,297. 

Camphor, 962,678. 

Camphor oil, 1,551,588. 

Caoutchoue, 1,417,263. 

Caramel, 1,499,872. 

Carbohydrates, 1,398,989. 

Carbolic acid (see Phenol). 

Carbon dioxide, 1,425,185, 1,425,186, 1,488,745, 1,505,323, 1,551,588. 

Carbon disulphide, 1,448,929. 

Carbonaceous material, 1,261,810. 

Carbonates, 793,808, 956,773 (insoluble metallic, mixed with oil), 1,043,851 (alkaline), 
1,421,585, 1,427,235, 1,446,314, 1,497,310, 1,541,292. 

Carbonic acid, 864,597 (see also Carbon dioxide). 

Carbonic acid, sulphur derivatives of, 1,560,170. 

Carbothialdin, 1,364,307. 

Casein, 1,499,872. 

Castor oil, 787,814, 1,094,760, 1,170,637 (sulphonated), 1,467,354. 

Caustic soda (see Sodium hydroxide). 

Cellulose, 1,398,989. 

Charcoal, 1,261,810, 1,539,120. 

Chloride of benzol, 1,055,495. 

Chlorides, 956,773, 1,182,890, 1,203,372, 1,203,374, 

Chlorine, 970,002, 972,459, 980,035, 1,286,922, 1,552,937, 

Chromium salts, 1,102,738, 1,142,821. 

Chromium sulphate, 805,382. 

Chromium xanthate, 1,512,139. 

Chrysodin dye, 1,364,305. 

Cinnamon oil, 1,064,723. 

Citric acid, 1,234,288. 

Clay, 1,446,376. 

Cloves, oil of, 1,064,723. 

Coal gas, 1,551,605. 

Coal oil (see Kerosene). 

Coal tar, 1,191,053, 1,246,665, 1,257,329, 1,401,435, 1,412,215, 1,448,929, 1,491,863, 
1,539,120, 1,549,316, 1,551,588. 

Coal-tar creosote, 1,236,857, 1,448,929, 1,469,042, 1,552,937. 

Coal-tar derivatives, 1,246,665, 1,257,329, 1,394,958, 1,476,530. 

Coal-tar distillates, 1,476,530. 

Coal-tar, higher distillates of, 1,476,530. 

Coal-tar oil, 1,236,856, 1,236,857, 1,438,436, 1,467,354, 1,469,042, 1,491,863. 

Coconut oil, 1,467,354. 

Cod-liver oil, 1,467,354. 

Coke, 1,261,810. 

Coke-oven light oil, 1,329,493. 

Colza oil, 575,669. 

eiegees gy 1,140,866, 1,446,375, 1,446,376, 1,448,927, 1,473,192, 1,499,872, 

,900,512. 
Colloidal precipitates, 1,140,865, 1,140,866, 1,446,376, 1,550,512. 
Colophony, 1,386,716, 1,417,263. 
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Compounds of fats or oils with acids, 348,157. 
Congo, 1,417,263. 

Copal, 1,386,716, 1,417,263. 

Copper, 1,301,551, 1,375,087. 

Copper bichromate, 1,548,351. 

Copper carbonate, 1,375,087, 1,446,314. 
Copper chloride, 348,157. 


Copper compounds, 1,375,087. 


Copper cyanide, 1,548,351. 

Copper hydrogel, 1,446,314. 

Copper hydroxide, 1,446,314. 

Copper oxide, 1,375,087. 

Copper salts, 1,301,551, 1,375,087. 

Copper sulphate, 348,157, 689,070, 1,094,760, 1,364,304, 1,364,305, 1,364,858, 1,398,989, 
1,398,990, 1,425,185, 1,425,186, 1,446,314, 1,446,376, 1,454,838, 1,469,042, 1,478,697, 
1,548,351, 1,550,512, 1,552,937, 1,555,915. 

Copper sulphide, 1,375,087, 1,550,512. 

Copper xanthate, 1,512,139. 

Cotton-seed oil, 348,157, 1,191,053, 1,398,990. 

Creosote, 956,773, 1,191,053, 1,400,308, 1,448,929, 1,552,197. 

Creosote oil, 1,446,376, 1,454,838. 

Cresols, 788,247, 1,067,485, 1,099,699, 1,102,873, 1,102,874, 1,257,990, 1,364,304, 1,375,087, 
1,438,436, 1,499,872. 

Cresylic acid, 1,102,873, 1,469,042, 1,541,292, 1,541,293. 

Crude oil, 1,446,376, 1,454,838. 


_ Cyanide, 1,421,585, 1,427,235, 1,429,544, 1,539,120, 1,548,351, 1,552,936, 1,552,937. 


Dextrine, 1,499,872. 

Diamino-azo-benzene-hydrochlorid, 1,364,305. 

Diamino-phenyl-disulphid, 1,364,307. 

Diaryl-hydrazins, 1,364,306. 

Diazines, 1,438,436. 

Diazo-amino-benzene, 1,364,304, 1,364,856, 1,370,357, 1,370,366, 1,370,843, 1,378,562. 

Diazo-amino compounds, 1,364,305. 

Diazo-amino-p-toluene, 1,364,305. 

Diazo-amino-toluene, 1,364,305. 

Diazo compounds, 1,364,304, 1,364,305, 1,364,858. 

Diethylammonium diethyldithiocarbamate, 1,497,699. 

Dihydro-thio-toluidine, 1,364,307. 

Dimethyl aniline, 1,364,304, 1,364,305, 1,394,640. 

Diphenyl-thio-carbazid, 1,364,307. 

Distillate, 1,236,856, 1,236,857, 1,281,018. 

Dithiocarbamates, 1,497,699. 

Dithio-diphenyl-amine, 1,364,307. 

Di-tolyl-thiourea, 1,364,307, 1,364,308. 

Di-xylyl-thiourea, 1,364,307, 1,364,308. 

Electrolyte, non-alkaline, 1,397,703. 

Essential oil (see Oil, essential; also Oil, volatile). 

Esters (see also specific), 962,678. 

Ethyl acetate, 1,448,929. 

Ethyl aleohol, 955,012, 1,425,327, 1,448,929. 

Eucalyptus oil, 1,064,723, 1,067,485, 1,102,738, 1,102,873, 1,102,874, 1,142,821, 1,157 
1,191,053, 1,203,372, 1,203,373, 1,203,374, 1,203,375, 1,208,171, 1,226,330, 1,236,933, 
1,236,934, 1,260,668, 1,261,810, 1,274,505, 1,300,516, 1,301,551, 1,326,855, 1,375 
1,401,435, 1,551,605, 1,552,197. 

Fat, fatty material (except acid), 348,157, 771,277, 807,502, 807,503, 879,985, 1,022,085, 
1,170,637 (sulphonated), 1,467,354. 

Fatty acid, 348,157, 788,247, 835,120, 835,143, 879,985, 956,773, 1,417,262, 1,417,263, 
1,452,662, 1,457,680, 1,497,310. 

Fatty constituent of an animal oil, 348,157. 

Fatty constituent of a vegetable oil, 348,157. 

Fatty oil, 575,669. 

Ferric chloride, 1,286,922. 

Ferric hydrate, 1,446,376. 

Ferric oxide, 1,446,376. 

Ferric sulphate, 805,382, 1,203,372, 1,286,922, 1,425,185, 1,425,186. 

Ferricyanides, 1,548,351. 

Ferrocyanic acid, 1,425,185, 1,425,186. 
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Ferrous sulphate, 521,899, 1,022,085, 1,203,372, 1,551,605. 

Fish oil, 770,659, 1,467,354. 

Flour, 1,499,872. 

Fluorine, 970,002, 972,459, 980,035. 

Formazyl-azo-benzene, 1,364,305. 

Formic acid, 1,452,662. 

Foundry molasses, 1,446,375, 1,446,376, 1,454,838. 

Fuel gas, 1,261,303. 

Fuel oil, 1,325,817, 1,446,314. 

Gallic acid, 348,157. 

Gas, exhaust from internal combustion engines, 1,279,040. 

Gas, permanent, 1,261,303. 

Gas, readily condensable, 1,488,745. 

Gas, scrubbed, 1,350,364. 

Gas, soluble, 1,488,745. 

Gas oil, 1,398,989. 

Gas tar, 1,170,665 (sulphonated). 

Gas-tar creosote, 1,236,856. 

Gaseous products of oxidation of carbonaceous material, 1,398,989, 1,398,990. 

Gasolene, 1,356,832, 1,425,185. 

Gasolium oil, 1,492,904. 

Gelatine, 1,499,872. 

Gilsonite, 1,281,018, 1,438,590. 

Glycerides of fatty acids, 1,457,680. 

Graphite, 1,261,810. 

Grease, 787,814, 793,808, 899,149, 899,478, 1,386,716. 

Grease tar, 1,425,327. 

Gum arabic, 1,446,375, 1,446,376, 1,454,838. 

Halogen, 970,002, 972,459, 980,035, 1,552,937. 

Hardwood oil, 1,364,305. 

Hardwood-tar oil, 1,445,989. 

Hydrazin compounds, 1,364,305, 1,364,306. 

Hydrazo-benzene, 1,364,306. 

Hydrazo compounds, 1,364,305, 1,364,306. 

Hydrocarbon gas, 1,261,303. 

Hydrocarbons, liquid, 207,695, 521,899, 575,669, 807,501, 807,502, 807,503, 807,504, 807,505, 
809,959, 825,080, 842,255, 1,170,655 (sulphonated); 1,425,185, 1,425,186, 1,438,590, 
1,492,904, 1,549,316. 

Hydrocarbon, solid, 807,501, 807,502, 807,503, 807,504, 807,506, 825,080, 842,255. 1,444,552. 

Hydrochloric acid, 348,157, 967,671, 1,126,954, 1,365,281, 1,369,054, 1,425,185, 1,425,186, 
1,452,662, 1,457,680. 

Hydrogen, 1,551,588. 

Hydrogen peroxide, 1,548,351. 

Hydrogen sulphide, 1,094,760, 1,140,865, 1,140,866, 1,180,816, 1,233,398, 1,274,505, 
1,301,551, 1,334,721, 1,334,733, 1,334,734, 1,401,435, 1,425,185, 1,425,186, 1,446,375, 
1,452,662, 1,497,310, 1,505,323, 1,551,588. 

Hydrosulphides, 1,236,856. 

Hydroxy compounds, aromatic, 1,099,699, 1,438,436. 

Hydroxyl compounds, 1,246,665, 1,257,329. 

Illuminating gas, 1,261,303. 

Insoluble colloid, 1,550,512. 

Iodine, 970,002, 972,459, 980,035, 1,552,937. 

Ions, 1,425,185, 1,425,186, 1,425,187. 

Tron filings, 1,290,166. 

Iron o0-tolyl dithio-carbamate, 1,497,699. 

Tron sponge, 1,541,292, 1,551,605. 

Iron sulphate, 1,473,192 (see also Ferric sulphate; Ferrous sulphate). 

Iron xanthate, 1,512,139. 

Kerosene, 348,157, 521,899, 575,669, 771,075, 745,960, 809,959, 838,626, 956,773, 956,800, 
1,102,873, 1,142,821, 1,467,354, 1,492,904, 1,499,872, 1,549,316, 1,562,125. 

Kerosene sludge acid, 1,170,665, 1,452,662. 

Ketones, 962,678, 1,448,929. 

Ketone condensation product, 1,370,843. 

Lac, 1,417,262, 1,417,263. 

Lactic acid, 962,678. 

Lard, 348,157. 

Lard oil, 348,157, 787,814. 
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Lavender, oil of, 1,064,723. 

Lead phenyl-dithiocarbamate, 1,497,699. 

Lead xanthate, 1,512,139. 

Licorice-root extract, 1,412,215. 

Lime, 956,381, 1,212,130, 1,364,304, 1,364,305, 1,364, 306, 1,364,307, 1,364,308, 1,364,858, 
1,370,357, 1,370,366, 1,370,367, 1,378,562, 1,417,263, 1,446, 314, 1,446,375, 1,478,697, 
1,497,699, 1,505,323, 1,512,139, 1,541,292. 

: Tine wsber, 1,446,314. 

Linseed oil, 348,157, 787,814, 1,467,354, 1,548,351. 

Liver oil, 1,467,354. 

Lye, 1,562,125. 

Magnesium chloride, 1,203,372, 1,203,374, 1,397,703. 

Magnesium hydrate, 1,446,376. 

Magnesium nitrate, 1,203,372, 1,203,375. 

Magnesium sulphate, 1,203,372, 1,203,375, 1,397,703. 

Manganese dioxide, 1,157,176. 

Manganese salts, 1,157,176. 

Manganese sulphate, 1,203,372. 

Mastic, 1,417,263. 

Menhaden oil, 1,467,354. 

Mercury amalgam, 1,257,990. 

Mercury salt, 1,257,990, 1,301,551. 

Mercury xanthate, 1,512,139. 

Mesityl oxide, 1,370,843. 

Metallic sulphide, 1,550,512. 

Methane, 1,261,303. 

Methyl alcohol, 955,012, 1,102,873, 1,102,874, 1,425,327, 1,448,929. 

Mineral acid, 348,157, 689,070, 776, 145, 1,067,485, 1,365,281, 

Mineral oils, 348,157, 521,899, 575,669, 653,340, 676,679, 689,070, 787,814, 790,913, 807,501, 
807,502, 807,503, 807,504, 807,505, 842,255, 899,478, 938,732, 956,381, 956,773, 956,800, 
1,045,970, 1,116,642, 1,208,171, 1,246,665, 1,257,329, 1,329,493, 1,552,197. 

Mineral water, 1,203,372. 

Molasses, 1,446,375, 1,446,376, 1,454,838. 

Monophenyl-thiourea, 1,364,307, 1,364,308. 

Naphthalene, 1,356,932. 

Naphthol, 1,170,637 (sulphonated), 1,240,599. 

Naphthyl-hydrazin, 1,364,306. 

Naphthylamines, see a—-N and B-N. 

Nickel xanthate, 1,512,139. 

Niter cake, 949,002, 967,671, 1,079,107, 1,102,873, 1,269,157. 

Nitrate, alkali metal, 735,071, 1,203,372. 

Nitric acid, 348,157, 735,071, 763,662, 949,002, 967,671, 1,126,965, 1,365,281, 1,369,054. 

Nitro-benzol, 1,055,495. 

Nitrogen, 1,505,323. ° 

Nitrogen-heterocyclic compound, 1,438,436, 1,490,736. 

Nitro-naphthalene, 1,228,184. 

No oil, 1,488,745, 1,505,323, 1,550,512. 

No reagent, 1,155,861 (agitation-froth), 1,515,942. 

Non-frothing collecting agents, 1,364,304. 

Non-oxygenous reagent, 1,505,323. 

Oil, 207,695, 348,157, 575,669, 653,340, 676,679, 758,464, 766,289, 771,075, 777,159, 787,814, 
792,617, 793,808, 795,823, 807,502, 807,503, 822,515, 826,411, 835,120, 835,143, 835,479, 
838,626, 851,599, 851,600, 864,856, 865,334, 879,985, 899,149, 899,478, 956,381, 956,773, 
1,022,085, 1,094,760, 1,104,755, 1,134,690, 1,143,797, 1,147,633, 1,156,041, 1,159,713, 
1,169,835, 1,176,441, 1,196,053, 1,228,183, 1,228,184, 1,234,288, 1,236,856, 1,240,598, 
1,240,599, 1,240,824, 1,246,665, 1,255,749, 1,257,329, 1,261,303, 1,262,894, 1,263,503, 
1,269,157, 1,286,136, 1,286,922, 1,288,350, 1,290,166, 1,302,966, 1,322,816 1,325,817, 
1,329,125, 1,329,493, 1,334,733, 1,334,734, 1,335,612, 1,338,264, 1,364,304, 1,364,305, 
1,364,306, 1,364,307, 1,364,308, 1,364,858, 1,365,281, 1,375,957, 1,386,716, 1,394,958, 
1,400,308, 1,417,262, 1,446,376, 1,452,662, 1,458,467, 1,467,354, 1,469,042, 1,488,745, 
1,491,110, 1,508,478, 1,552,197, 1,552,936. 

Oil, drying, 1,467,354. 

Oil, essential (see also specific essential oils), 1,064,723, 
1,208,171, 1,301,551, 1,401,435. 

Oil, fixed, 793,808, 1,467,354. 

Oil, insoluble vaporized, 1,350,364. 

Oil, non-drying, 1,467,354. 


1,102,738, 1,102,873, 1,102,874, 
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Oil, semi-drying, 1,467,354. 

Oil-gas tar, 956,773. Fal 

Oil, reconstructed, 807,505, 842,255, 1,236,857. | gerald 

Oil, soluble, 1,170,637. a 

Oil substitutes, 1,552,197. 

Oil, volatile, 793,808. 

Oily compound, 1,467,354. 

Oily liquid, 575,669, 770,659, 835,120, 956,773, 1,116,642. 

Oleates, 1,254,173. ‘ 

Oleic acid, 348,157, 689,070, 835,120, 835,143, 835,479, 1,022,085, 1,067,485, 1,102,873, 
1,102,874, 1,182,890, 1,255,749, 1,365,281, 1,386,716, 1,398,989, 1,398,990, 1,417, ci a 
1,457,680, 1,467,354, 1,497,310, 1,547,732. 

Olive “6il, 1,170,637 (sulphonated), 1,467,354. ‘ 

Organic acid distilled from sage brush, 1,452,662. b 

Organic frothing agents, soluble; 962,678, 1,488,745. 

Organic nitrogen compounds with two nitrogen atoms joined, 1,364,305. 

Organic nitrogen-sulphur compounds, 1,364,307, 1,364,859. 

Orthotoluidin, 1,322,816. 

Oxalic acid, 348,157. 

Oxides, metallic, 956,773 (mixed with oils). 

Oxy-azo-compounds, 1,364,305. 

Oxygen, 1,555,915. 

Ozocerite, 807,501, 807,504, 807,505. 

Para-amino-azo-benzene, 1,364,305. 

Para-tolyl hydrazin, 1,364,306. 

Palm oil, 1,467,354. 

Palmitin, 771,277, 807,502, 807,503, 842,255. 

Paraffin, 771,277, 807,501, 807,502, 807,503, 807,504, 807,505, 825,080, 842,255, 1,444,552. 

Paraffin oil (see Kerosene). 

Para-toluidin, 1,322,816. 

Pennyroyal, oil of, 1,064,723. 

Peppermint, oil of, 1,064,723. 

Permanganate, alkali, 1,157,176. 

Persulphate, 1,300,516. 

Petroleum, 348,157, 575,669, 736,381, 770,659, 790,913, 793,808, 795,823, 807,502, 807,503, 
1,102,873, 1,102,874, 1,116,642, 1, nee 655 (sulphonated), 1,191,053, 1,281,018, 1 288, 350, 
1,329,493, 1,338,264, 1,394,958, 1,898,989, 1,444,552, 1,445,989, 1,552,197. 

Petrdlogrn etadee: 1,452,662. 

Phenol, 788,247, 962,678, 1,099,699, 1,102,873, 1,170,637 (sulphonated), 1,317,945, 1,438,436. 

Phenyl-hydrazin, 1,364,306. 

Phenyl-iso-thiocyanate, 1,364,307. 

Phorone, 1,370,843. 

Phosphoric acid, 348,157, 1,425,185, 1,425,186. 

Pinacone, 1,370,366. 

Pine oil, 1,191,053, 1,236,856, 1,236,857, 1,254,173, 1,288,350, 1,329,493, 1,364,304, 1,364, 305, 
1,364,306, 1,364,307, 1,364,308, 1,364,858, 1,364,859, 1,370,367, 1, 304, 958, 1,412,215, 
1,438,436, 1,444,552, 1,445,989, 1,446,314, 1,446,376, 1,454,838, 1,469,042, 1,497,699, 
1,539,120, 1,548,351, 1,552,197, 1,560,170. 

Pine tar, 1,191,053, 1,236,857, 1,326,855, 1,394,958, 1,438,436, 1,549,316. 

Pitch, 807,501, 807,502, 807,504, 807,505, 807,506, 809,959, 842,255, 1,445,989, 1,473,192. 

Polysulphides, 1,236,856, 1,274,505, 1,497,310. 

Polythionic acid, 1,140,865. 

Potassium alcoholate, 1,425,327. 

Potassium a-naphthyl dithio-carbamate, 1,497,699. 

Potassium bicarbonate, 864,597, 1,203,372. 

Potassium bichromate, 1,102,738, 1,142,821, 1,257,990, 1,375,087. 

Potassium carbonate, 1,203,372, 1,562,125. 

Potassium chloride, 1,203,372, 1,203,374. 

Potassium cyanide, 1,429,544, 1,548,351. 

Potassium ferricyanide, 1,425,185, 1,425,186. 

Potassium ferroeyanide, 1,425,185, 1,425,186. 

Potassium hydroxide, 956,381, 1,425,327. 

Potassium nitrate, 735,071, 763,662, 1,203,372, 1,203,375. 

Potassium permanganate, 1,157,176, 1,274,505. 

Potassium o-tolyl dithio-carbamate, 1,497,699. 

Potassium phenyl dithio-carbamate, 1,497,699. 

Potassium resinate, 1,191,053. 
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Potassium silicate, 956,381, 1,454,838. 

Potassium sulphate, 1,203,372, 1,203,375. 

Potassium sulphide, 807,501, 1,491,863. 

Potassium xanthate, 1,554,216, 1,554,220, 1,560,170. 

Propyl alcohol, 955,012. 

Pyridin, 1,394,640, 1,438,436, 1,490,736. 

Pyridin salts, 1,490,736. 

Quinoline, 1,302,966, 1,364,308, 1,394,640, 1,438,436. 

Rape oil, 787,814. 

Reconstructed oil, 1,236,856, 1,236,857, 1,491,863. 

Red oil (see Oleic acid). 

Reducing agent, 1,505,323. 

Residuum oil, 653,340, 676,679, 689,070, 809,959, 899,149, 899,478, 1,043,850. 

Resin, 521,899, 807,501, 807,502, 807,504, 807,505, 807,506, 825,080, 842,255, 1,191,053, 
1,288,350, 1,317,945, 1,386,716, 1,394,958, 1,417,261, 1,417,262, 1,417,263, 1,505,323. 

Resin acid, 788,247, 1,467,354, 1,497,310. 

Resin derivative, 1,473,192. 

Resin soap, 1,317,945, 1,417,261, 1,417,262, 1,445,989, 1,446,376. 

Resinates, 1,191,053, 1,288,350, 1,317,945. 

Rosemary, oil of, 1,064,723. 

Rosin oil, 842,255, 1,191,053, 1,236,857, 1,288,350, 1,394,958, 1,445,989. 

Rosin pitch, 1,417,261. 

Sage oil, 1,212,130. 

Salmon oil, 1,467,354. 

Salt, 1,446,375, 1,473,192. 

Salt, acid, 348,157, 1,329,127. 

Salt, alkaline, 1,421,585, 1,425,186. 

Salt, neutral, 348,157, 766,289, 865,194, 865,260. 

Salt cake (see also Niter cake), 763,662, 768,035, 1,079,107, 1,269,157. 

Salts containing ions of high valence, 1,425,185, 1,425,186. 

Sand, 1,346,819. 

Sandalwood, oil of, 1,064,723. 

Sassafras, oil of, 1,064,723. 

Sea water, 1,397,703. 

Shale oil, 1,329,493. 

Shale tar, 1,448,929. 

Shellac, 1,386,716, 1,417,261, 1,417,262. 

Silicate of an alkali metal, 1,043,850, 1,043,851. 

Silicates, colloidal precipitated, 1,446,376. 

Silicie acid, 1,454,838. 

Silicic acid sol, 1,326,855, 1,492,904. 

Silver salts, 1,301,551. 

Slimes, ore, 1,446,376. 

Sludge acid, 1,170,665. 

Soap, 777,159, 788,247, 826,411, 835,140, 956,381, 956,773, 1,317,945, 1,337,548, 1,365,281, 
1,386,716, 1,417,262, 1,445,989, 1,446,376, 1,454,838, 1,457,680, 1,492,904, 1,497,310, 
1,547,732, 1,552,197. 

Soda ash, 1,043,851, 1,203,341, 1,208,171, 1,208,334, 1,397,703, 1,478,697, 1,497,699, 
1,512,139. 

Sodium acid sulphate (see Niter cake). 

Sodium arsenate, 1,425,185, 1,425,186. 

Sodium bi-carbonate, 864,597, 1,203,372, 1,203,373, 1,236,933, 1,236,934, 1,257,990, 
1,288,350, 1,421,585, 1,427,235, 1,562,125. 

Sodium bichromate, 1,102,738, 1,142,821, 1,548,351. 

Sodium bi-sulphate (see Niter cake, also Salt cake). 

Sodium carbonate, 521,899, 956,381, 1,142,821, 1,182,890, 1,203,372, 1,203,373, 1,208,171, 
1,208,334, 1,212,130, 1,236,933, 1,236,934, 1,240,597, 1,240,598, 1,257,990, 1,288,350, 
1,301,551, 1,322,816, 1,356,832, 1,364,304, 1,364,305, 1,364,306, 1,364,858, 1,364,859, 
1,370,357, 1,370,366, 1,370,367, 1,370,843, 1,375,087, 1,378,562, 1,397,703, 1,417,262, 
1,417,263, 1,421,585, 1,425,186, 1,427,235, 1,448,929, 1,469,042, 1,478,697, 1,486,297, 
1,541,293, 1,547,732, 1,552,937. 

Sodium chloride, 348,157, 967,671, 1,182,890, 1,203,372, 1,203,374, 1,397,703, 1,425,185, 
1,425,186, 1,551,605. 

Sodium-copper cyanide, 1,429,544. 

Sodium cyanide, 1,421,585, 1,427,235, 1,429,544, 1,548,351, 1,552,936, 1,552,937. 

Sodium hexametaphosphate, 1,425,185, 1,425,186. 

Sodium hydrogen sulphate (see Niter cake). 
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Sodium hydrogen sulphide, 1,257,990, 1,375,087, 1,377,189. 

Sodium hydroxide, 956,381, 967,671, 1,157,176, 1,182,890, 1,203,341, 1,240,597, 1,240,598, 
1,288,350, 1,317,945, 1,322,816, 1,325,817, 1,364,304, 1,364,305, 1,364,306, 1,364,307, 
1,364,308, 1,364,858, 1,364,859, 1,370,357, 1,370,366, 1,370,367, 1,370,843, 1,377,189, 
1,378,562, 1,386,716, 1,417,261, 1,417,262, 1,417,263, 1,421,585, 1,425,185, 1,425,186, 
1,425.187, 1,425,327, 1,427,235, 1,446,375, 1,446,376, 1,448,929, 1,469,042, 1,473,192, 
1,478,697, 1,486,297, 1,492,904, 1,497,699, 1,512,139, 1,541,293, 1,552,936, 1,552,937. 

Sodium nitrate, 735,071, 763,662, 967,671, 1,203,372. 

Sodium oleate, 1,337,548, 1,365,281, 1,386,710, 1,417,262, 1,417,263, 1,492,904, 1,497,310, 
1,547,732. 

Sodium palmitate, 1,337,548, 1,492,904. 

Sodium phosphate, 1,417,261, 1,425,185, 1,425,186, 1,425,187, 1,488,745, 1,492,904. 

Sodium pyroantimonate, 1,425,185, 1,425,186. 

Sodium pyroar;enate, 1,425,185,.1,425,186. 

Sodium pyrophosphate, 1,425,185, 1,425,186, 1,425,187, 1,488,745. 

Sodium resinate, 1,191,053, 1,288,350, 1,337,548, 1,417,262, 1,417,263, 1,492,904, 1,547,732 
1,551,588. 

Sodium sesqui-carbonate, 1,497,310. 

Sodium silicate, 956,381, 1,043,850, 1,043,851, 1,203,341, 257,990, 1,326,855, 1,337,548, 
1,398,989, 1,417,261, 1,446,375, 1,446,376, 1,454,838, 1,492,904, 1,497,310, 1,547,732, 
1,551,588. 

Sodium stearate, 1,337,548, 1,492,904, 

Sodium sulphate, 348,157, 763,662, 768,035, 949,002, 967,671, 1,079,107, 1,126,965, 1,203,372 
1,203,375, 1,236,933, 1,236,934, 1,326,855, 1,397,703. 

Sodium sulphide, 807,501, 1,233,398, 1,236,856, 1,288,350, 1,325,817, 1,444,552, 1,452,662, 
1,469,042, 1,478,697, 1,491,863, 1,497,310, 1,539,120. 

Sodium sulphite, 1,274,505, 1,397,703, 1,478,697, 1,486,297. 

Sodium tetraphosphate, 1,425,185, 1,425,186, 1,425,187, 1,488,745. 

Sodium thiosulphate, 1,254,173, 1,274,505, 1,397,703. 

Sodium tri-phosphate, 1,446,375, 1,446,376, 1, - 838. 

Solid, neutral, 1,290,166. 

Sperm oil, 348,157, 1,467,354. 

Sponge iron, 1,541,292, 1,551,605. 

Starch, 1,499,872. 

Stearic acid, 1,457,680. 

Stearin, 771,277, 807,502, 807,503, 842,250. 

Steel filings, 1,290,166. 

Stockholm tar, 1,099,699. 

Stove oil, 1,170,665. 

Sudan dyes, 1,364,305. 

Sulphates, 956,773 (metallic, insoluble, mixed with oil), 1,203,372. 

Sulph-hydrate, 1,446,375, 1,497,310. 

Sulphide, metallic, colloidal, 1,550,512. 

Sulphide, soluble, 807,501, 956,773 (mixed with oil), 1,140,865, 1,140,866, 1,180,816, 
1,233,398, 1,236,850, 1,274,505, 1,312,668, 1,334,732, 1,334,734, 1,444,552, 1,446,375, 
1,497,310, 1,505,323. 

Sulphites, 1,182,890, 1,274,505, 1,397,703, 1,478,697, 1,486,297. 

Sulpho-benzene-azo-benzene-azo-b-naphthol-sulphonic acid, sodium salt of, 1,364,305. 

Sulpho-chlorinated oil, 770,659, 787,814, 899,149, 899,478. 

Sulphonated oil and other organic compounds, 348,157, 1,170,637, 1,446,375. 

Sulphur, 807,505, 842,255, 1,140,865, 1,140,866, 1,236,857, 1,286,922, 1,364,307, 1,401,435, 
1,446,375, 1,491,863, 1,497,310. 

Sulphur acids, lower, 1,182,890. 

Sulphur chloride, 770,659, 787,814, 899,149, 899,478. 

Sulphur derivatives of carbonic acid, 1,554,220, 1,560,170. 

Sulphur dioxide, 1,140,865, 1,140,866, 1,274,505, 1,377,189, 1,486,297. 

Sulphur-treated oil, 1,236,857. 

Sulphuric acid, 348, 157, 521,899, 763,662, 763,749, 768,035, 776,145, 788,247, 835,120, 
835,143, 956,800, 962,678, 967,671, 1,020,353 (nitrated for deadening), 1,022,085, 
1,055,495, 1,064,723, 1,067,485, 1,079,107, 1,101,506, 1,102,873, 1,116,642, 1,126,965, 
1,157,176, 1,170,665, 1,182,390, 1,234,288, 1,260,668, 1,269,157, 1,274,505, 1,281,018, 
1,317,945, 1,326,855, 1,364,304, 1,364,305, 1,364,858, 1,375,957, 1,377,189, 1,397,703, 
1,425,185, 1,425,186, 1,425,187, 1,445,989, 1,446,375, 1,446,376, 1,448,929, 1,457,680, 
1,469,042, 1,473,192, 1,488,745, 1,491,863, 1,541,292, 1,552,197, 1,555,915, 1,560,170. 

Sulphuric acid-treated organic bodies, 1,170,637, 1,170,665. 

Sulphuric ether, 1,182,890. 

Sulphurous acid, 1,182,890, 1,274,505, 1,457,680. 
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_ Tailing sand, 1,346,819. 
Tallow, 348,157, 1,386,716, 1,467,354. 
Tannic acid, 348,157, 1,499, 872. 
Tapioca, 1,499,872. 
_ Tar, 793,808, 809,959, 826,411, 879,985, 899, 149, 899,478, 1,400,308, 1,401,435, 1,448,929. 
Tar oil, 1,401,435. 
Tartaric atid 1,234,288. 
Terpin hydrate, 1,370,357. 
Terpineol, 1,364,304, 1,364,305, 1,364,306, 1,364,307, 1,364,308, 1,364,858, 1,364,859, 
1,370,367, 1,497,699. 
Tetra-azines, 1,438,436. 
Tetramethylethyleneglycol, 1,370,366. 
Texas fuel oil, 1,102,873, 1,102,874, 1,116,642, 1,236,934, 1,288,350. 
Thialdin, 1,364,307. 
Thio-aldehyde compound, 1,370,367. 
Thio-amido compound, 1,364,307. 
Thio anilin, 1,364,307. 
Thio carbanilid, 1,364,307, 1,364,308, 1,364,859, 1,370,357, 1,370,366, 1,370,843, 1,378,562, 
1,478,697. 
Thio-cyanogen compound, 1,364,307. 
Thiosulphate, 1,140,865, 1,182,890, 1,274,505. 
Thio-ureas, 1,364,304, 1,364,307, 1,364,308, 1,364,858, 1,364,859. 
Thiuram disulphide, 1,364,307. 
Thorium chloride, 1,425,185, 1,425,186. 
Thyme, oil of, 1,064,723. 
Tin xanthate, 1,512,139. 
Titanium chloride, 1,425,185, 1,425,186. 
Titanium pyrophosphate, 1,425,185, 1,425,186, 1,488,745. 
Titanium sulphate, 1,425,185, 1,425,186. 
Toluene-azo-resorcinol, 1,364,305. 
Toluidin, 1,322,816, 1,364,304, 1,364,307, 1,394,640. 

 Triazine, 1,438,436. 

Tribrom-phenyl-hydrazin, 1,364,306. 

Turpentine, 521,899, 575,669, 1,102,873, 1,102,874, 1,236,857, 1,452,662, 1,548,351. 

Valerianic acid, 962,678. 

Vegetable acid, 348,157. 

Vegetable oils, 348,157, 766,289, 770,659, 787,814, 807,501, 807,502, 807,503, 807,504, 
807,505, 842,255, 899,478, 956,773, 1,045,970, 1,246,665, 1,257,329, 1,329,493, 1,457,680, 
1,552,197. 

Water glass, 1,446,375. 

Wax, 942,663 (waxed surface), 1,444,552, 1,467,354. 

Whale oil, 1,467,354. 

Wintergreen, oil of, 1,064,723. 

Wood, 1,309,989. 

Wood alcohol (see Methyl alcohol). 

Wood creosote, 1,170,665, 1,541,292, 1,541,293 

Wood-creosote oil, 1,445,989. 

Wood extracts, 1,412,215. 

Wood oil, 1,491,863. 

Wood tar, 1,246,665, 1,257,329, 1,425,327, 1,448,929. 

Wood-tar creosote, 1,448,929. 

Wood-tar derivatives, 1,246,665, 1,257,529. 

Wood-tar oil, 1,099,699, 1,102,873, 1,102,874, 1,236,934, 1,491,863. 

Wood-tar ns 1,417,261, 1,473,192. 

X-cake (see Naphthylamine), 1,394,640, 1,412,215. 

Xanthates, 1,512,139, 1,554,216, 1,554,220, 1,560,170. 

Xanthates, heavy-metal, 1,512,139. 

Xylene-azo-b-naphthol, 1,364,305. 

Xylidin, 1,240,598, 1,364,304, 1,364,305, 1,364,307, 1,364,308, 1,394,640, 1,478,697. 

Zine a-naphthyl dithio-carbamate, 1,497,699. 

Zinc chloride, 348,157. 

Zine dust, 1,539,120. 

Zinc nitrate, 735,071, 763,662. 

Zinc sulphate, 348,157, 1,203,372, 1,375,957, 1,421,585, 1,427,235, 

Zinc xanthate, 1,512,139. 


Classification of flotation agents may be made on eer grounds. On 
the basis of chemical composition, they may be classified under the major 
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chemical subdivisions as organic or inorganic; on a physico-chemical basis, 
as soluble or insoluble in water; on the basis of their usual origin in the three 
great kingdoms of matter, as animal, vegetable, or mineral; on the basis of 
their supposed or apparent function in flotation, as collectors, frothers, depres- 
sants, etc. The difficulty is that no one of these classifications is rigid and 
consequently the assignment of certain agents to a given class or classes is 
a matter of individual opinion or experience. Chemistry ordinarily classes 
all substances containing the element carbon as organic and all other substances 
as inorganic, but in many text-books metal carbonates and the oxides of 
carbon are classed as inorganic. Solubility is a difficult ground because the 
concentrations in flotation practice are so small that published data are unre- 
liable and original experimental determination difficult. Assignment to 
classes on the basis of origin causes similar, although not important, diffi- 
culty, because, many flotation agents may be derived from substances origi- 
nating in two or three of the kingdoms; thus phenol would be classed as min- 
eral when derived from coal tar and as vegetable when derived from wood 
tar. Finally a substance that one flotation operator classes and uses as a 
frother may be used by another as a collector and by yet another as the sole 
agent, serving both ends. 

Soluble and insoluble agents. This classification has had an artificial 
importance because of the legal effect of U. S. patent 962,678. Notwithstand- 
ing the claims of the patentees, no substance has ever been effective as a sole 
froth-flotation agent that was not to some extent soluble in the water of the 
pulp, and with the possible exception of a few petroleum products, no sub- 
stantially insoluble flotation agent has ever been used in practice. It is not 
to be understood that there is not undissolved oil present in many flotation 
operations, but some soluble flotation agent must be present in every froth- 
flotation operation. 

Solubility figures published in the chemical handbooks and elsewhere are. 
useful with respect to the more soluble individual chemical compounds used 
Table 15. Solubilities of certain flotation agents in ap flotation, but are worthless 
water when agitated therewith in the proportions 12 the case of very-slightly 
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_. Classification on the basis of duty in flotation. The phenomena that are 
| vital in froth flotation and that, at the same time, are determined or funda- 
| mentally affected by the flotation agents, are: (a) the degree of water-wetting 
| of the solid particles, and (b) the amount and character of the froth. The 
/ degree of water-wetting determines the possibility and ease of gas precipita- 
| tion at particle surfaces or the behavior of particles at an oil-water interface 
or its equivalent. The amount and character of the froth determine its 
| carrying and holding power and thus, toa considerable extent, the recovery 
| and grade of concentrate, although both of these results are likewise dependent 
| upon the degree of water wetting. It is necessary that the particles which 
it is desired to keep down in any froth-flotation operation be thoroughly and 
| persistently wetted by water or aqueous solution, while those that it is desired 
| to float shall be actually wetted (filmed) in whole or in part by an organic sub- 
stance, substantially immiscible with the water in the state in which it is 
| functioning, or shall tend strongly to become wetted with such a substance 
in the presence of water or aqueous solution. 

The things that flotation agents do to affect and control these two funda- 
mental phenomena may be grouped into five general classes; the groups of 
agents, named according to their function, are: (1) FROTHING AGENTS; (2) 
COLLECTING AGENTS; (3) DEPRESSING AGENTS; (4) DISPERSION AGENTS; 

_ (5) CONSERVING AGENTS. 

A frothing agent is one that is primarily effective in froth formation. 
It may incidentally have more or less selective property. The froth formed 
should have sufficient stability and volume to maintain a regular and plenti- 
ful overflow when the machine is properly operated, but it should be suffi- 
ciently fragile to break down readily and the agent should not be so active 
that excessive frothing occurs in the ordinary movement of the pulp through 
the mill. 

To effect frothing of an ore pulp a substance must affect the surface tension 
of water. Most frothing agents lower the surface tension. Change in sur- 
face tension requires solution, hence frothing agents must dissolve to some 
extent in the pulp water. The most effective agents are those whose effect 
on surface tension is greatest in solutions of a given strength. In any homol- 
ogous series of substances the most effective are those of highest molecular 
weight and these are also the least soluble. Examples are: methyl and amyl 
alcohol; phenol and cresol; acetic and valerianic acid. In each case the 
second member is higher in an homologous series, 7.e., of higher molecular 
weight; it is the less soluble; the surface tension-concentration curve is the 
more concave; and the frothing effect is the greater. 

Change in the surface tension of a liquid by a solute is the result of adsorp- 
tion of the solute at the gas-liquid interface. In saturated solutions the con- 
centration of a positively-adsorbed substance at the gas-liquid interface is 
that of a complete monomolecular film. The concentration of solute and 
the surface tension of the solution bear a linear relation in dilute solutions; 
they vary according to a logarithmic law in concentrated solutions; in solu- 
tions of intermediate concentration, the law of variation is variable and 
intermediate between the other two. 

The rate of adsorption of solute increases with the concentration at a 
decreasing rate, and is greater the less the solubility of the solute. If a sub- 
stance is insoluble in water and present alone therein, it will not adsorb at 
a water-air interface. This explains the non-effect of insoluble oils on surface 
tension. Distinct concentration of soluble oil takes place in the froth in a 
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flotation machine, with corresponding impoverishment of the water in the 
machine. The depression of surface tension due to the simultaneous addition 
of two or more solutes that are members of an homologous series is, in the 
main, the sum of the depressions caused by the individuals when present 
separately. This additive rule does not, necessarily, apply when the added 
substances are not chemical homologs. The simultaneous addition to water 
of a substance (e.g., oil) insoluble therein and of another substance soluble 
in the water but not soluble in the first substance, produces only the effect 
on the surface tension of the water that would have been produced by the 
addition of the second substance alone. The simultaneous addition to water 
of a substance (e.g., oil) insoluble therein and of another substance soluble 
both in the water and in the first substance, produces an effect on the surface 
tension of the water less than that which would have been produced by the 
addition of the second substance alone. Surface tension-concentration 
curves for this type of mixtures change with concentration from convex to 
concave, indicating progressive increase in extraction of solute by the water. 

Oleic acid has but slight effect on the surface tension of water until the 
amount present is sufficient to and does form a mono-molecular film. Beyond 
this point, surface tension drops rapidly until an amount of acid equivalent 
to a film about one-and-a-half molecules deep is reached, when another change 
occurs and further addition produces again but slight effect. Oleic acid is 
a limiting case in the series of soluble substances affecting surface tension. 

Maximum frothing occurs upon the addition of amounts of solute about 
one-half that required to saturate the solution. The point of maximum 
frothing is that at which the difference between the static and dynamic sur- 
face tensions of the solution is greatest. Emulsions in water, in which no 
water solute is present, do not froth. Emulsions of oil in water, consisting 
in part of mechanically dispersed oil and in part of dissolved oil, froth less 
than does a solution containing an equal amount of solute alone. The undis- 
solved oil of an emulsion acts as a reservoir for soluble oil so that the frothing 
power of the emulsion is not diminished as greatly by dilution with water 
as would be expected were the solute present alone. 

The larger the surface-tension depression at the beginning of a flotation 
operation, the greater the recovery and the poorer the grade of concentrate. 
The higher the recovery, the greater the possible change in surface-tension 
depression without resulting change in recovery. The finer the ore, the less 
the necessary depression in surface tension to effect a given recovery. 

Experimental data underlying these statements are recorded in 68 A 479. 

The following list contains the best-known frothing agents: 

Acid sludge (=kerosene acid sludge), aldol, coal-tar creosotes of high tar- 
acid content, cresols, essential oils (pine oil, eucalyptus oil, turpentine), ter- 
pineol, wood creosote, xylidin. In probably 90 per cent. of all flotation opera- 
tions pine oil or a creosote is the frothing agent. 

Collecting agents are organic substances that wet certain minerals, e.g., 
sulphides, in the presence of water in preference to other minerals, e.g., earthy 
or rocky gangues, and cause the wetted minerals to precipitate gas preferen- 
tially from supersaturated aqueous solutions of gas, or cause them to cling 
at the interface between an aqueous solution and a layer of frothing agent at 
a bubble surface. 

The mechanism of the action is not the same in all cases. With oleic acid, 
definite preferential coating of the sulphide-mineral particles occurs, following 
contact of the particles with globules of the oil. Both sulphide-mineral and 


| Art. 16. FLOTATION AGENTS 843 


gangue particles adsorb phenol molecules from solution, but the adsorption is 
greater at the mineral-particle surfaces. The same thing is true of xanthates, 
_ thiocarbanilid, and other non-frothing collecting agents; the differential 
adsorption is more marked the less the amount of reagent necessary to get the 
| effect. 
| Collecting agents are frequently called coaTING AGENTS, but since coatings of many 
_ different kinds function in flotation in many different ways and are markedly affected both 


by reagents in no way to be classed as collectors and by other conditions of the operation, 
| the name is vague and misleading and should be dropped. 


Collecting agents may be either solid or liquid. Most of them are more or 

| less soluble in water but solubility is not so essential as it is in the case of 
| frothing agents. 
Oil-filming by incompletely-soluble liquid collecting agents is largely a 
| mechanical process, effected by bringing the mineral particles into contact with 
the undissolved substance by stirring. With soluble agents the phenomenon 
__ 1s physico-chemical and the material is adsorbed from water solution. Typical 
examples of INCOMPLETELY-SOLUBLE COLLECTING AGENTS are: oleic and other 
higher fatty acids; animal and vegetable oils such as fish oil, castor oil, linseed 
oil, etc.; petroleum oils; the less-soluble parts of essential oils, creosotes, 
tars and the like. Typical apsorBING COLLECTING AGENTS are alpha-naphthyl- 
amine, thiocarbanilid, various metal xanthates and a number of other soluble 
chemicals, such as pyridine, quinoline, etc. Some of the members of each 
class have frothing as well as collecting properties, e.g., oleic acid and alpha- 
naphthylamine. 

The action of incompletely-soluble collecting agents is pictured in Fig. 4 
and described in the text therewith. Owing to the fact that the droplets of 
oil, after coming into contact with the mineral particles, do not spread to a 
mono-molecular film; that, in pulp-body processes at Jeast, the film is effective 
only at its thinnest part; and that the degree of dispersion is relatively coarse, 
the amount of such agents necessary to effect good recovery is of the order of 
1 or 2 pounds per ton of ore and upward. 

The action of adsorbing collecting agents is preferential adsorption at 
certain of the solid surfaces in amounts of the order of mono-molecular films. 
The adsorption is, in general, greater by two to three times at sulphide sur- 
faces than at gangue surfaces. This adsorption is an irreversible phenomenon 
in a given pulp, but a part of the adsorbed film can frequently be removed 
from the sulphide by aqueous solutions of smaller concentration of the ad- 
sorbed substance or by other solvents for the adsorbed substance. The 
amount of adsorption of different solutes at a given surface varies with the 
solute. The molecules in the adsorbed films are definitely oriented with 
respect to the adsorbing surface and the orientation in films that aid collection 
is such that the water-repelling end of the molecule is away from the solid. 
If the reagents also adsorb at air-water interfaces, the water-repelling end is 
likewise away from the water. The difference in behavior of filmed and 
non-filmed solid particles toward air takes place by reason of the orientation 
cf the molecules in the adsorbed film. The difference in adsorbing power of 
sulphide and gangue minerals is one of degree only and varies with different 
solutes; hence by proper regulation of conditions, variation in difference of 
floatability can be controlled. 

Owing to the fact that the film is mono-molecular and generally not com- 
plete and to the further’ fact that the degree of dispersion is substantially 
molecular, the amount of adsorbing collecting agent necessary to effect a 
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satisfactory recovery with most ores is of the general order of 0.1 to 0.3 Ib. 
per ton of ore or about one-tenth that of the mechanically-applied collecting 
agents, provided the reagent is impervious to or is protected against the action 
of the gangue or of soluble salts in the pulp water. 

Dispersion agents are substances added to an ore pulp which affect the 
state of dispersion of the gangue particles and at the same time change the 
extent to which these particles adsorb at sulphide-particle surfaces. When a 
finely-ground ore pulp is stirred with water of ordinary purity in the propor- 
tions usually employed in flotation there is invariably a certain amount of 
adsorption of fine non-metallic particles at the surface of the metallic particles; 
if the gangue is clean, unaltered silicate, the adsorption is usually slight and 
the essential nature of the sulphide surfaces i is unchanged; on the other hand, 
if the gangue is decomposed and contains kaolin, sericite, iron oxides and like 
substances, adsorption at sulphide surfaces is immediate and so heavy that 
these surfaces are essentially changed. Sulphides thus coated differ little in 
floatability from the gangue minerals. The sulphide mineral in flotation 
froths has relatively little adsorbed gangue on its surface, less in rich concen- 
trate than in low grade, and less the smaller the amounts of frothing and col- 
lecting agents used. On the other hand, the sulphide in the tailing from an 
unsuccessful float is usually heavily coated with gangue. It follows that 
successful flotation of a given sulphide mineral involves reduction of gangue 
adsorption to substantial nullity. 


Solid-solid adsorption is in part, at least, an electrical phenomenon dependent upon the 
electrical charges carried by the adsorbing surface and the dispersed particles. In this re- 
spect it is, therefore, dependent upon the same properties as those that control dispersion 
of the slime (see Sec. 16, Art. 3) and any change in the pulp that affects the dispersion of the 
gangue is likely also to affect gangue adsorption. Ordinarily gangue adsorption is greatest 
when gangue dispersion is maxiiaum and any treatment of the pulp such as heating, agita- 
tion, or the addition of a colloid or electrolyte that produces flocculation will decrease 
adsorption, but there are cases where the reverse situation holds and increase in the degree 
of dispersion accompanies decrease in gangue adsorption. 

Thus the slime from Anaconda and from Utah ores in pulps made with ordinary potable 
water are highly dispersed and adsorb heavily at the surfaces of sulphide minerals in the ore 
while a slime, almost equally fine and highly dispersed, made by grinding a certain sample 
of barren quartz, adsorbs practically not at all on the same sulphide minerals immersed 
therein. Addition of one part of pine oil in 50,000 parts of water had no apparent effect on 
the dispersion of Anaconda slime and made no change in the gangue adsorption. Larger 
amounts of pine oil (1 in 16,000 and i in 4000) together with agitation produced incipien 
flocculation and materially decreased gangue adsorption. With Utah slime the addition 
of pine oil in the proportions of 1 in 50,000, 1 in 16,000, 1 in 4000 and 1 in 2000 of water had 
little or no effect on flocculation and correspondingly small effect on gangue adsorption. 
With Anaconda slime, pine oil (1 in 50,000) and lime (1 in 2000), the slime is distinctly 
flocculated and gangue adsorption is markedly less than with no reagents; Utah slime with 
the same reagents is slightly flocculated but gangue deposition is greater than with no 
reagent. On the other hand, the dispersion of Anaconda slime is increased when pine oil 
(1 in 8000) and sulphuric acid (1 in 800) are added, and gangue adsorption is increased, 
while with Utah slime similar dispersion produced by sulphuric acid and pine oil is accom- 
panied by decrease in gangue adsorption. - Increased recovery in flotation follows decreas 
in gangue adsorption in every case. 


Common dispersion agents are sulphuric acid, lime, copper sulphate 
soda ash, caustic soda and sodium silicate. Certain organic agents of this 
class, e.g., argol, glue, albumen, etc., have been proposed but have had litt): 
or no commercial use. 


The usual apparent physical effect of successful dispersion agents is to cause flocculatic 
of the ore pulp. Moses states (104 J 749) that the use of copper sulphate with zinc ore wi 
accompanied in one case by flocculation of both gangue and sulphide slimes, and in anothe 
case by flocculation of the sulphide slimes alone. 


Art. 16. FLOTATION AGENTS 845 


Flocculation of very fine oil-filmed sulphide particles is a great aid to gas precipitation 
thereon, if it is not a necessary condition precedent thereto. This may be proved readily 
by filming, say, 0.1-mm. and 0.01-mm. particles of galena with oleic acid (by immersing 
them in a dilute benzol solution and allowing them to dry), then placing them in water and 
heating. If the finer particles remain as individuals, gas precipitates on them reluctantly, 
if at all, although it precipitates freely on the larger particles. If now the small particles 
are caused to flocculate, as may be done by adding sulphuric acid and stirring, gas precip- 
itates readily on the floccules when heating is continued. 

Borcherdt (U.S. patents 1,445,989, 1,446,375 to 1,446,378 incl., 1,448,514, 1,448,515, 


1,454,838), sets forth the hypothesis that the dispersion agents produce de-flocculation of 


gangue-slime particles in the pulp, thus opening previously-locked sulphides to the action of 
gas and lessening mechanical entanglement of flocculated gangue slimes in the froth. 


Some oils have marked effect on dispersion, making the use of inorganic 
agents unnecessary; some ores show no need for dispersion agents by reason 
of the small amount of primary slime present. 

Loth (108 J 9&0) states that the wood creosote used for collective flotation of lead and 
zine at Picher, Okla., is added in the froth-overflow launder as the concentrate goes to a 


shaking table for separation. The table slime and tailing return to the feed-thickening 
tank and the overflow contains much semi-colloidal injurious slime that will not similarly 


_overflow when oil is not entering. 


Until within the last few years a majority of flotation operations were performed in acid 
pulps. At present, however, nearly all flotation is carried on in slightly alkaline pulps, as 
these are best for the chemical collecting agents. The change has effected large operating 
economies, since acid pulps, with copper ores particularly, were destructive of all icon with 
which they come into contact. 


Depressing agents is the name given to substances that are used to lessen 
the floatability of one or more of the minerals of the ordinarily-floatable 
class in a mixture of such minerals, e¢.g., to depress sphalerite when it occurs 
with galena, or pyrite when associated with chalcopyrite, and thus make it 
possible to float the galena and chalcopyrite respectively in concentrates rela- 
tively free of sphalerite and pyrite. The art of differential flotation is built 
on the judicious use of depressing agents. 

The agents of this class do not all act in the same way. Most of them 
fall also in the dispersion-agent class; a few react chemically with some . 
sulphides and not with others; and there is some evidence of a third type of 
action involving preferential deposition of a compound formed by the added 
agent and some constituent of the ore pulp other than the mineral upon which 
the salt deposits. 

Depressing agents that are also dispersion agents include lime, sulphuric 
acid, sodium carbonate, sodium bicarbonate, sodium silicate, alkaline cyan- 
ides, zinc sulphate, copper sulphate, alum (potassium), and like inorganic 
substances. Their action is to effect differential adsorption of gangue at the 
sulphide surfaces. 


With a certain lead-zinc ore having a clean quartzitic gangue both lead and zine floated 
in neutral (salt-free) solution and the sulphide-particle surfaces were substantially gangue- 
free. Addition of 1 lb. rime per ton of ore caused differential gangue adsorption, heavier 
én the galena, after which, by intensifying the flotation effect, differential flotation of sphal- 
erite could be effected. Another lead-zinc ore having a slimy gangue showed heavy gangue 
idsorption with pine oil alone; the addition of 4 lb. time per ton of ore produced marked 
Bssening of the adsorption at the sphalerite surface, although the differential effect per- 
sisted for only a short time (less than 5 min.). It was, therefore, possible to float blende 
*seferentially for a short time after the addition of the lime, but thereafter both blende 
ead galena were depressed so vigorously that flotation was impossible. Porass1uM CYANIDE 
and ZINC SULPHATE used together in combining proportions in the presence of SODIUM CAR- 
BQNATE or SODIUM BICARBONATE and Barrett No. 4 creosote substantially prevent gangue 
;,position on galena in some pulps while blende and pyrite in the same pulps are heavily 

ime-coated, hence galena floats while blende and pyrite remain submerged. Coppsr 
SLPHATE added to some pulps after flotation of the lead as above removes the coating 
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from the sphalerite while causing an intense coating on the galena and intensifying the 
coating on the pyrite, hence blende may be floated subsequently substantially free of the 
other minerals. ALUM in the presence of lime and pine oil may prevent gangue deposition on 
galena while that on sphalerite is relatively heavy, hence the galena can be floated 
preferentially. 


Not all of the effects above noted are equally strong and persistent; the 
eyanide-zinc sulphate and the copper-sulphate actions are the most distinct. 


Depressing agents that react chemically with one of the sulphides and 
thus alter its surface are typified by the alkaline dichromates. 


With pine ort (1 in 8000), soprIuM CARBONATE (1 in 4000) and SODIUM BICHROMATE 
(1 in 1000) in water alone, at 140° F., galena is markedly attacked and covered with a yel- 
lowish deposit that completely obscures the characteristic luster. Sphalerite is unaffected 
in the same solution. The same reagents in the same quantities in a non-slimy pulp pro- 
duce the same effect and differential flotation of blende can be effected. In a slimy pulp, 
on the other hand, both galena and sphalerite are coated with adsorbed gangue and the 
galena surface is not attacked. Similarly the addition of 1 part in 20,000 of aLBUMEN to 
the water mixture first described inhibits attack on the galena. But the same amount of 
albumen added to the slime-pulp along with the other reagents prevents gangue adsorption 
and permits attack of the chromate, with the result that the galena surface is dulled and 
preferential flotation of blende made possible. PorasstuM PERMANGANATE is said to act 
like the dichromate (Australian patent No. 9508 of 1913). Guux acts like albumen and both 
are dispersion agents rather than depressing agents, used merely to prevent gangue adsorp- 
tion from interfering with the dichromate (or permanganate) attack. 

TANNIC and PYROGALLIC ACIDS are similar to the dichromates in that they apparently 
react chemically with galena in slime-free water and do not attack blende. In the presence 
of one slime tested there was such heavy gangue deposition with both reagents on both 
minerals that no flotation was possible. Addition of ferrous sulphate with both reagents 
with this slime markedly decreased slime deposition, permitting attack on the galena and 
rendering it unfloatable while the blende surface remained bright. There was, of course, 
distinct reaction between the tannic acid and ferrous sulphate, resulting in a fine black pre- 
cipitate, so that the action of the two cannot be segregated. 

Preferential agents that deposit salts formed by reaction of the agent with some con- 
stituent of the pulp are indicated by the work of Gates and Jacobsen (Bul. 16 UU No. 4) 
but their work could not be duplicated at Columbia University. They show photomicro- 
graphs of coatings produced on galena, sphalerite and pyrite in solutions containing 0.0375 
per cent. of lime; the coating was least on the lime and greatest on the pyrite. Their 
description indicates identification of the coating as calcium carbonate. In light of the fact, 
however, that the weights of coating pictured are not in agreement With the relative float- 
abilities under similar conditions presented elsewhere in the paper and of the further fact 
that surface effects are distinctly different in fine pulps and in watei, it is doubtful whether 
action of this sort plays any part in flotation. 


Conserving agents are substances added to ore pulps to protect the other 
flotation agents from attack by substances present in the ore pulp. They 
are of no particular chemical character and may, in other pulps, play some 
other part in the flotation operation. 


In one pulp in which alpha-naphthylamine was used as the frothing and collecting agent 
there was large consumption of the reagent by ferric iron. Sodium hydroxide added in an 
amount sufficient to precipitate the iron as insoluble ferric hydroxide reduced the consump- 
tion of naphthylamine markedly. Lime used with ores containing free acid, when an alka- 
line xanthate is used as a collecting agent, is, in part at least, acting as a conserving agent. 


Trade names of flotation reagents are almost invariably used around the 
mills and frequently used without explanation in flotation literature. Table 
16 names a number of the commoner oils and gives many physical prop- 
erties useful for identification and specification. X-cake is alpha-naphthyla- 
mine; X-Y reagent is, ordinarily, 4 parts of X-cake dissolved in 6 parts of 
xylidin. T-T is a solution of thiocarbanilid in orthotoluidin, ordinarily 
10 parts of the former to 90 of the latter. 
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Reconstruction of oils by distilling them with a small amount of sulphur in a reflux 
condenser causes a chemical change that results in solution of the sulphur, probably in the 
form of a C = S compound with one of the constituents of the oil. With some oils and ores 
reconstruction consistently causes improved flotation results, both more active frothing and 
sharper selection accompanied by higher grade of concentrate and better recovery. With 
other oils frothing is d-creased somewhat, although selection may be bettered. 

Patent 1,593,232/1926, to Whitworth describes reconstruction with phosphorus and 
sulphur or with a phosphorus-sulphur compound, e.g., PoS5. Whitworth claims that more 
sulphur combines than when sulphur is used alone thus forming more H — S compounds. He 
claims best results by treating cresol with phosphorus pentasulphide but states that almost 
any substance containing a hydroxyl (OH) group is suitable; substances containing car- 
boxyl (COOH), aldehyde (CHO), or ketone (CO) groups may also be used. The patent 
recites results with untreated cresylic acid, cresylic acid reconstructed with sulphur and 
reconstructed with phosphorus penta-sulphide. These results show progressive lowering of 
tailing by the reagents in the order named. 


Kind of flotation agents used depends primarily upon the kind of ore 
and water, the result sought, the price, and the dependability of the supply. 
It is possible to compensate for certain variations in grinding and in pulp 
consistency by corresponding changes of agents, but it is better to eliminate 
the variations than to attempt compensation. 

Character of ore to be treated is to be considered from the point of view 
of both the sulphide and gangue minerals. Certain agents appear to film 
certain sulphides more quickly or more completely than they do others, ¢.g., 
pine oil and eucalyptus oil will produce good concentrate with most lead and 
zinc ores but do not ordinarily effect clean concentration of copper ores; coal 
tar and X-cake are usually highly selective with chalcocite and bornite but not 
so effective with galena and sphalerite. No general rule can be set down 
to the effect that for certain sulphides certain reagents are to be used and for 
certain other sulphides certain other agents. Thiocarbanilid and the alkaline 
xanthates come as near being universal agents as can be expected and pine 
oil, in the minute quantities necessary with these powerful collectors, is an 
almost universal frother. Coal- and wood-tar creosote are useful in conjunc- 
tion with the chemical collectors in the case of most ores, and are also extremely 
effective with many when used without the chemical agents. Table 17, com- 
piled by J. M. Callow, gives data concerning agents used and results obtained 
at many of the principal U. S. plants as of Jan., 1925. The following exam- 
ples from practice at different mills, culled at random from periodical litera- 
ture, show older practice and are useful in indicating reagents alternative or 
supplementary to the chemical reagents. 


Copper ores 


InspirATION (54 A 11): chalcocite and chalcopyrite in schist; 80 parts crude coal tar 
and 20 parts coal-tar creosote in neutral pulp. ConsoxtipaTEep ARIZONA SMELTING Co. 
(104 J 72): chalcopyrite and pyrite in quartzitic gangue; 70 parts stove oil, 25 parts wood 
creosote, 5 parts acid sludge, total, 1.31 lb. per ton. Oxp Dominion (102 J 754): chalco- 
cite, chalcopyrite and pyrite in quartzitic gangue; 85 parts coal tar, 8 parts coal-tar creo- 
sote, 4 turpentine and 3 of pine oil in neutral pulp. This mixture produced concentrate 
containing only 8 per cent. Cu with 31 per cent. Fe and 21 per cent. insoluble. Uran 
Leasine Co. (105 J 535), 85 parts coal tar and 15 parts coal-tar creosote with crude soda 
ash. New Cornetis Copper Co., Ajo test mill (109 J 1314): chalcopyrite in monzonite 
porphyry; 70 parts coal tar and 30 parts crude pine-wood oil (destructively-distilled). 
uel oil in the mixture brought up too much gangue. Arizona CoppEr Co. (109 J 1350) 
ased coal-tar, coal-tar creosote and pine oil in many of the experimental flow-sheets but 
found X-cake and xylidin with lime superior. Swansra Leasn (109 J 845): chalcopyrite 
with hematite in gneiss; petroleum oil, pine oil, pine-tar oil and coal-tar creosote. ARIZONA 
Hercutes (109 J 1116): coal-tar creosote and pine oil reconstructed with sulphur for an 
ore containing sulphides, oxides and metallic copper. Mountain Coprmr (119 P 333): 
acid sludge, crude turpentine, tar oil and light fuel oil. Mippitemarca (118 P 182): coal 
tar, pine oil, coal-tar creosote. Mr. Lyrxu (123 P 90): eucalyptus oil and coal tar. ENcELs 
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Name 


American Creosote No. 2(v) . 
Atlantic No. 1 
Barrett No. 1 
Barrett No. 2 
Barrett No. 
Barrett No. 
Barrett No. 
Blast-furnace oil(e) 
California fuel oil.. 
Chesapeake pine oil......... 
Cleveland Cliffs No. 1....... 
Cleveland Cliffs No. 2......- 


Cleveland Cliffs Refined..... 
CGoal-tar. light oil... ..5....%. 
Crude coal tar 
Crude turpentine, G. N.S.... 
BlOtGOuNG., 22N epssecltiors eros os 
Flotco No. 23(z)..... 
Flotco No. 24... x 
Flotco No. 25....... a 
Fuel oil, California.......... 
Fuel oil, Greybull.. 

Nes oil, Dieke Copper Co.. 


No. 5 

No. 8 
No. 
No. 
No. 
G.N.'S. No. 7 
International creosote....... 
Junior red engine oil.. 


MIMUATRR SAE core oe tee 


aid ied ed AES a 


Seek eee e 
SH843 454548 


WIM WIS 


Reilly No. 


Waryan:Nox 66.7. 2pml ato. < ck 
Varyanipine(R) ssw... Shas ss 
Varyan pine O1lb. i. iagial¥ «co00 


a General Naval Stores Co. 


Turpentine Co. 


Rosin and Turpentine Co. 
1 United Naval Stores, 


“RESS | Authority 


rc 


. 
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Table 16. Trade names and 
Specific Index of 
gravity refraction 
gO go 
Class 8 2 Ba 
HO HO 
oO vo 
Sd bagee lesetd ade 
3 ov] ‘a o° 
> A > H 
Coal-tar creosote.......... IO456) 215 6 erees 4 Th 
Crude turpentine(dd)...... 0.9268] 15 |1.4970/20 
Coal-tar creosote...........]1.0326] 15 |...... a 
Coal-tar creosote........... LeO203I Lorne. 
Coal-tar creosote.....-...- 15503215208. Baek 
Coal-~tar, OW, rebsns ory rete aryl Ye 0 OY. ES se oe 
Coal* tana vied. corse eee LA1S24 920 eee | Se 
Coal-tar creosote...........|0.987 | 20 : 
Petroleum residuum........ O97 02) oie nce 
Crude pine oil(g).......... 028452| G5 ees SEIe Ye 
Wood creosote............-|1.0427] 20 |1.5132/22.0 
Wood creosote............-|1.0783] 15 | Very 
high |20 
Wood creosote: ssris cnt. Sosneg. |LEOAG: Ih 209s. ehaelligo ae 
p PORN WT LRT Ss eee T0021 el Bis leraercesliy arate 
ay erat Ree eterna AR: recht.) 2 2 £11428) 205 AS; 
SF. BOR ae RI i - bie Bs 0.9886): 15 Hrs. dies (oe 
Coal-tar creosote.......... POUIS i UGS ere cars| sects 
Coal-tar creosote.......... 1.0216} 15 ‘. 
Coal-tar creosote.......... 110266] 35ie|.0 2. Seles 
Coal-tar creosote....- asi dO223 eA e |i pave eiteye 
Petroleum residuum........}0.9-1.0}....]......].... 
Petroleum residuum......../0.893 | 20 ]...... ~toxe 
Petroleum residuum......../0.9396} 20 |...... cas 
Pine‘oil (da) Pee eee 0.9155] 20 |1.4928/20.5 
Pinesilis@) ree Aik. eS 0.942 | 20 |1.4820/21.0 
Pine-tamaoiys., core avce-veth cyeccet 1.0347) 20 |1.5388/21.0 
Pine-wood creosote........ 1.0125} 20 |1.5519|22.5 
Pine-tar distillate.......... 0: 9644) 21 Byliepz kee foots 
Crude turpentine.......... 0.903 | 20 |1.4852/22.0 
PINe-GALrOUe es sete hee et. OOO ais eau ic 
Coal-tar creosote.......:...|1.075 | 20 |.....2|.... 
Petroleum lubricant........ 0.905 4)" 204s... ee 
Coal-tar creosote.......... POZE th! enone 
Coakitart Mtoe, Ae ob eS Petia i200) Ws sey 
Coal-tar creosote.......... OS). ti) ccotulithis iar ote 
SP gi Saga eLeTe E-ee a y ata Stree) rise Pr LOSSi2 laces eee 
Pine distillate(dd)......... OrOS8O4irhS: wrote . TEE 
Heavy pine oil. . .5,,.j4:029) | 20, 11. 5539121 .0 
Crude wood turpentine..... 0.883 | 20 |1.4830/20.5 
Crude pine oil)... jong as ee 0.913 | 20 }1.4913/21.0 
(m) 1.0109] 15 | Very 
high |20 
Pine-wood creosote.........|0.989 | 20 |1.5110/21.5 
Crude pine-wood oil........ 1.017 | 20 |1.5340/21.0 
WW 00d, Creosote ..ai qspisees slong IOZLO (15a fom Bas 
Pinestarjoil seer sewotris ane 1.0471} 20 |1.5592)22.5 
Coal-tar creosote. . ees OO2 |i 620) le seston big. 
Coal-tar. . Spo: ri Avie OST le OOR eer 
Petroleum distillate. ....... 02818 “|OQOri sees & 
Wood creosote............. 1.1266} 15 | Very 
: high |20 
Pine oil(s@igieeh.c oh k-araee 0.9253] 15° |1.4805/20 
Pin evo, saison tsa eras eucto’ 059436) Vout. oo on Be 
EA bsVeSKGy EA eee ane mene ere 0.9236] 15 |1.4760/20 


6 37.8 per cent. water by volume. 


d Barrett Manufacturing Co. 
Scotch coal-fired iron blast furnaces. 
and high non-polymerizable residue indicate adulteration with mineral oil. 

i Includes 1.25 per cent. water. 
m Apparently a mixture of about 15 per cent. pine oil and 85 


c Pensacola Tar and 


dd Destructively distilled. 
f Includes 2 per cent. water. 


e From 


g Low specific gravity 
h Yaryan 
k Includes 5 per cent. water. 


u Utah Copper 
zb 85 to 180° C. 


rc Ray Consolidated 


zf 270 to 315° C, 


t A. F. Taggart. 
za 300 to 330° C. 


r 200 to 270°C. 
x High but more mobile than coal tar. 


Co. 


ze 280 to 360°C, 


sd Steam distilled. 


q 270 to 340° C. 


w Lewis Mfg. 


z Flotation Oil and Chemical Co. 
zd 220 to 280°C, 


aise Ee: 


s 270 to 345°C. 
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ent. wood-tar creosote. 
v Solidifies 


er Co. 
270 to 350° C. 


zc 180 to 220 


Copp 
Co. 
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Copper Co. (123 P 190): crude turpentine and petroleum oils. Nrvapa ConsonipaTEp 
Coprpr Co. (123 P 328): X-cake and xylidin with lime. ConsoLipATED CopPpERMINES 
(64 A 823): coal tar and coal-tar creosote with pine oil; later X-cake and xylidin with lime. 
Caremu (123 P 921): chalcocite and oxidized copper minerals in a clayey gangue; blast- 
furnace oil and Mexican fuel oil. Sodium polysulphide was used to de-flocculate the gangue 
and frothing was kept down in order to keep from carrying over the de-flocculated clay 
mechanically. It was found here that pine oil, pine tar and wood oils generally floated 
calcite and clay and thus lowered the grade of concentrate. CALUMET AND HEcLA (Gbe ari i 
284): native copper; coal-tar products were most effective, e.g., a mixture of coal tar, two 
coal-tar creosotes, wood creosote and a little pine oil as needed, in a neutral pulp. 


Lead ores 


Missouri (57 A 337): wood creosote in all lead plants. Bunker Hinni anp SuLLIVAN 
(102 J 36): pine oil. Sitver Kine Coarition (116 J 372): pine oil. SHarruck ARIZONA 
(110 J 761): oxidized ore; coal-tar creosote, hardwood creosote, oil tar, pine oil. 


Zinc ores 


Burtn anp Supprior: pine oil. Timper Burre: pine oil. ANAconpa: pine oil. 
The latter two plants are now practicing differential flotation of lead and zinc. Burrn 
AND Superior has also used coal-tar creosote, various petroleum products, and wood 
creosotes, both with and without pine oil, but the latter alone is most satisfactory. Copper 
sulphate is necessary for best results with all these ores. Thornberry (113 J 54) found 
X-cake and orthotoluidin with copper sulphate best for Tri-sTaTE ZINC ORES. 


Lead-zinc ores 


Joriin (105 J 733): hardwood creosote, coal tar and pine oil in acid pulps. Picuer, 
Oxua. (108 J 950): hardwood creosote with copper sulphate. Rocin (115 J 397): pine 
oil, coal-tar creosote and copper sulphate. If cresol is used to replace pine oil, more copper 
sulphate is necessary. Daty-JupeE (54 A 11): 40 parts crude coal tar, 40 parts creosote 
and 20 pine oil. See also ‘‘Differential Flotation.” 


Precious-metal ores 


Goup Kine (100 J 634): pyritic gold ore; coal-tar creosote and pine oil in acid circuit. 
Betmont SHawmMutT (121 P 661): pyritic gold ore; 3 parts wood creosote and 4 parts 
California fuel oil with sodium sulphide. The latter is essential to flotation of the gold; it causes 
a reduction in tailing with a 3-oz. ore from 0.045 oz. to 0.01 oz. Caxnirornta Ranp (124 P 
15): pyritic gold ore; 10 parts water-gas tar, 7 parts stove oil, 2 parts hardwood creosote 
and 1 part pine oil with sodium sulphide or sodium carbonate. Suan CONCESSION (119 
P 844): complex gold-silver-copper ore; eucalyptus oil, brown camphor oil and thin coal 
tar with lime. Campbell (103 J 929) reports the successful use of a mixture of pine oil 
and wood creosote with or without small quantities of gas- or coal-tar oil for treating a 
complex gold-silver ore containing chalcopyrite, pyrite, antimonides of silver and tellurides; 
also small amounts of sericite, kaolin and calcite. Acid was necessary to clean the froth. 
Parsons and Gilmore (20 CMI 73) report conclusions from an extensive series of tests on 
CANADIAN SILVER ORES to the effect that crude hardwood creosotes or pine oils were satis- 
factory frothers; coal-tar creosote was indispensable as a collector, and that sodium hydrox- 
ide ‘‘gave an almost incredible improvement in extraction and grade of concentrate. 
Cosaut (105 J 785): native silver and arsenic and antimony compounds of silver in quartz- 
itie gangue; coal tar (10), coal-tar creosote (75) and pine oil (15) or a similar mixture was 
used in most plants. 


Oils vs. chemicals for flotation agents. Chemical agents are preferable 
on operating grounds. Their outstanding ADVANTAGES are: (1) they can be 
more accurately specified for purchase and the seller can more closely approach 
specifications; (2) they are, in general, more readily dispersed in the pulp; 
(3) the concentrate made with them is usually of higher grade and more 
readily broken down in the concentrate thickeners than that made with oil; 
(4) the concentrate formed with chemicals filters more rapidly and completely. 


At ConsoLipATED Correr Mines (64 A 826) substitution of X-cake for creosote oils 
gave a higher-grade concentrate and made it possible to filter one day’s concentrate in one 
shift with one or two filters while three shifts with three filters had been required with oil. 
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The cake was drier, also, with the X-cake. The pisapvanTacus of the chemical reagents 
are: higher cost, the fact that they are rarely locally available, but must be shipped long 
distances, and an unsettled patent situation (Mar. 1927). 


Inorganic agents. The practice in the addition of inorganic flotation 
agents is no more subject to generalization with regard to different types of 
ores than is the question of organic agents. The only general statement that 
seems to be founded in experience is that a small amount of copper sulphate 
solution, say such an amount as will introduce into the pulp between 0.1 and 
0.3 lb. of copper per ton of solids, usually improves results with sphalerite 
ores. Results at Stocan, B. C., showed that addition of copper sulphate 
had no effect on grade of tailing nor did it have any differential action with 
respect to pyrite, but the grade of concentrate was raised 10 points by ex- 
clusion of gangueslime (114J 680). Freeman (120 P 833) says that at BRokEN 
Hitt addition of 0.5 lb. CuSO.-5H2O per ton of ore reduced the acid required 
in floating blende from 60 or 70 lb. per ton to 25 lb. Sulphuric acid has been 
widely employed with blende ores, when oils were used as collectors, but with 
the chemical collecting agents alkalis have been substituted in many plants. 
Sodium silicate is sometimes used where preferential separation cf galena 
from sphalerite is practiced. A majority of the tonnage of low-grade chal- 
cocite ores is probably being treated in neutral or slightly alkaline circuit. 
This is almost invariably the case when thiocarbanalid or xanthate is used. Acid 
salt cake was used in place of sulphuric acid in some instances, notably where 
it was cheaper or where there was a considerable amount of carbonate in the 
ore and treatment in an acid pulp seemed necessary. 


The most extensive work reported on the effect of inorganic agents is that of Thorn- 
berry and Mann (Effect cf addition agents on flotation, Bulletins Missouri School of Mines, 
Vol. 4, No. 2 and Vol. 5, No. 2). The work comprised several hundred tests on Missouri 
lead ores with various addition agents including sulphates, hydroxides, nitrates, chlorides, 
bromides, acetates, oxalates, chromates, carbonates, tartrates, phosphates, nitrites and 
permanganates and a number of miscellaneous substances as follows: sodium sulphite, 
tannic acid, dextrose, lactose, gum arabic, gum tragacanth, boric acid, carbolic acid (phenol), 
picric acid, and potassium chlorate. The tests with the inorganic agents were of distinctly 
negative character except on two or three points. None of the reagents produced any distinct 
improvement on the results of the standard tests with creosote or pine-tar oil. Chromates 
were distinctly harmful, lowering the grade of concentrate to between 20 and 30 per cent. 
Pb and the recovery to generally less than 20 per cent. Salts of certain metals, notably tin, 
uranium and cadmium were markedly harmful, especially in the higher concentrations. 
The higher concentrations of tartaric acid, potassium tartrate, phosphoric acid, ammonium 
phosphate, sodium sulphite, tannic acid, gum arabic, gum tragacanth, and phenol substan- 
tially destroyed flotation. 

Unfortunately this elaborate record omits all of the essential observations required for 
interpretation. Chemical attack of the galena is, of course, indicated in the case of the 
chromates, and heavy gangue adsorption with colloids such as tannic acid and the gums, 
but further than this no generalization is warranted other than that this particular ore could 
be floated as well or better with certain oils alone than with certain specific organic and 
inorganic agents present in addition. 

Ralston and Yundt (104 J 749) state that sulphuric acid was harmful with InsprraTION 
ore and ascribe the bad effect to copper sulphate formed by reaction with the oxidized cop- 
per mineral, but this cannot be taken as a safe generalization, since Uran Coprrr Co. 
used sulphuric acid successfully for several years with an ore that contained sufficient 
oxidized copper to cause rapid replacement of all iron with which the pulp came in contact. 

An anonymous writer (117 P 931) records the results of an investigation of the 
effect of the soluble components of a silicious silver ore. This showed that ferrous, 
magnesium, manganese and alkaline sulphates were present; that the ferrous sulphate was 
the only harmful solute, and that its bad effect could be overcome by the use of sodium 
hydroxide, sodium carbonate or lime (which, of course, precipitated the iron salts). In 
laboratory experiments it was found that the effect of the soluble salts was cumulative 
with re-use of water and that even when neutralizing reagents were used it was necessary 
to add considerable fresh water. 
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At the Mountain Tor Mining Co. (107 J 1130) it was found that a small amount of 
apap calcium carbide would cause froth to form when frothing had failed with the usual 

Fineness of the ore has some effect on the kind and amount of frothing oil required. The 
froth must be sufficiently stable to permit removal from the machine. The more closely 
particles of solid are packed together in the bubble walls and the thinner the layer of liquid 
between adjacent pieces of solid, the stronger the bubble film, and with finely-ground ore 
little or no aid in stabilizing is needed from the oil. If the ore is coarse a froth-stiffening 
agent must be used. Tars, wood creosotes and some petroleum oils add stiffness or tough- 
ness. 

Percentage of solids. When the percentage of solids is low, bubbles arrive 
at the surface less heavily loaded than in a thick pulp and are, therefore, less 
stable. If more stability is desired, an agent that stiffens or toughens the 
froth must be used. 

If a given tonnage of solid matter is to be passed through a given machine 
in a given interval of time, say 24 hours, a greater volume must pass through 
in each unit of time with a thin than with a thick pulp and less time is afforded 
for dispersion of the agent through each unit of volume of thin pulp. With 
the degree of agitation and the rate of solid feed fixed, it follows that a more 
mobile or more easily soluble agent, or both, is necessary with a thin than 
with a thick pulp. 

Kind of froth formed by various agents. ESSENTIAL oILs produce small- 
bubble, effervescent and brittle froths that drop mineral freely unless a large 
amount of oil is used. Excess oil makes the froth dirty and very liquid, but 
does not cause noticeable increase in size of bubble. Woop-crErosoTe froth 
is distinctly irregular in size of bubbles, very tough, hard to break down and 
hard to clean. An excess causes the froth to carry much gangue, which is 
practically impossible to remove in cleaning. CoAL-TAR CREOSOTE forms a 
froth similar in texture to that formed by wood creosote, but the small 
bubbles are not generally so small and the large are more frequent and not so 
large. Neither is the froth so tough as that made with wood creosote nor 
so hard to clean when excess oil has been added. Coal-tar creosote and 
pine oil may form a very tough froth. ALDOL, TERPINEOL, TURPENTINE, 
and cRrESOL are intense frothers. They produce small-bubble, rather fragile 
froths, with the exception of turpentine which produces a tough froth in 
which the bubbles are initially small, but quickly grow by coalescence to con- 
siderable size. None of these substances has any useful selective qualities. 
SopIUM OLEATE and KEROSENE SLUDGE AciIp produce froths with relatively 
large bubbles, lightly loaded and glassy in appearance, and tending to carry 
considerable fine gangue. Xyuipin froths are reasonably uniform in 
texture, with medium-sized bubbles. They break down readily, but are 
not so effervescent as the froths formed with essential oils. ALPHA- 


’ NAPHTHYLAMINE is not ordinarily used as a frothing agent, but in a few mills 


where it has been used alone it forms fragile, rather coarse, irregular froth 
with strong carrying power, yet breaking down readily in the cleaner cells and 
thickening tanks. Petroleum products and tars are not frothing agents, but 
they add considerable toughness and stability. Tars are likely to bring in 
considerable silica; froths produced with petroleum products present are 
frequently of higher grade than when the petroleum is absent. 

The best kind of froth, from the point of view of mill operation, is one 
that is fairly tough, with medium-sized bubbles and not too voluminous. Such 
a froth requires little attention to maintain steady overflow from the flotation 
machines, it does not carry coarse gangue mechanically, and breaks down 
readily in the cleaner machine and in the thickening tanks. These conditions 
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73.—Relation between grade of feed, 


pulp consistency and quantity of oil. 


Sec. 12. 


are ideally satisfied when chemical 
agents are used as collectors and 
a mimimum of pine oil asa frother. 
This mixture eliminates the rela- 
tively insoluble, so-called neutral 
oil, which causes stiff, dirty froths. 

Quantity of flotation agent 
necessary depends upon (a) the 
kind; (b) the recoverable mineral 
content; (c) the percentage of 
solids; (d) fineness of grinding 
and, less directly, on (e) the treat- 
ment of pulp subsequent to oil 
addition; and (f) the mineralogi- 
cal composition of the ore. 

Mobile and highly soluble 
agents can be employed in mini- 
mum quantities because of ready 
dispersion and the minute state 
of subdivision. 

In the agitation-froth process, 


the recoverable mineral content of an ore, the amount of given frothing and 
collecting agents necessary, the percentage of solidsin the pulp treated, the 


grade of concentrate and the 
recovery attained are dis- 


: 3 
tinctly related. 40 
In order to recover a given 3 
percentage of the recoverable S50 


mineral in an ore in the form 


of a concentrate of given grade, 


if the percentage of solids is 


fixed, the amount of a given 


Per cent.of total sul; 


collecting agent necessary is in 
direct proporticn to the amount Oe 
of recoverable mineralin the feed. 

Tn order to recover a given 
percentage of the recoverable 
mineral in a concentrate of 
given grade, if the grade of the 
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Pounds of oil per ton of feed 


Fic. 74.—Chino Copper Co. 
sulphide in feed and quantity of oil required. 
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Relation between total 


feed is kept constant, the amount of reagent necessary is in almost direct proportion to the 


percentage of moisture in the pulp. 


The results of laboratory data leading to this conclusion are shown in Table 18, pre- 
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sented graphically in Fig. 73. 
The ore tested was a porphyry- 
copper ore assaying about 0.9 per 
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i cent. copper and 1.5 per cent. 
iron, enriched, in order to get 
the higher-grade feeds, by grav- 
ity concentrate made from the 
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number of about two hundred, 
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¥ia. 75.—Butte and Superior Mining Co. 
between pulp dilution and quantity of oil required. 
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Relation 


made by the same operator, iden- 
tical as to speed, temperature, 
reagent, and manipulation of 
solids and quantity of agent, are 
the basis of the curves. The 
reason for the departure, with 
the richer feeds, of the curve for 


19 20 


“10 per cent. solids," from the law indicated by the tests of low-grade feeds, is not apparent. 


Art. 16. 


FLOTATION AGENTS 


Figs. 74 and 75 show these relationships in operating plants. 


in richness. 


feed assaying 20 per cent. Zn. 


Payne (116 J 1106) states 
that at MagisrraL-AmeEca the quantity of flotation agent was increased as the feed increased 
Barcena y Diaz (115 J 396) says that at Reocin, Spain, the amount of oil 
needed when the feed ran 10 per cent. Zn was 2.2 lb. per ton while 4.4 lb. was necessary for a 


Table 18. Relation between feed assay and required oil quantity 
Feed assay, per cent. i Actual 
Oil, Recovery 
percentage 
pounds of Cu, SHaolds 
Cu Fe per ton per cent. SMES, 
Nominal percentage of solids = 10 
0.92 P60: ire 90 10.9 
BS Be 1.65 3.0 91 ia I} 
1.36 2.00 3.4 94 Ne ee) 
1.44 2.35 ai 92 11.2 
1.68 2.70 4.8 96 10.9 
2.04 3.20 5.9 95 10.9 
2.09 3°55 5.1 96 Livs 
2.80 4.85 Bok 97 np 
Nominal percentage of solids = 20 
0.90 1.28 0.8 94 19.0 
1.18 1.62 1.6 94 18.8 
1.40 2.00 3.3 94 19.5 
1.54 2.31 4.8 94 20.3 
1.74 2.88 a3 95 19.4 
2,06 2.96 (Se) 94 20.5 
2.19 3.30 8.4 94 19.4 
2.99 4.80 12-0 94 20.8 
Nominal percentage of solids = 30 
0.92 1.355 0.3 70 32.9 
¥.15 1.65 0.4 90 31.8 
1-36 2.00 0.5 89 31.8 
1.44 oes 0.7 90 32.0 
1.68 2.70 1:0) 90 32.2 
2.04 3.20 1.5 85 31.4 
2.09 3.09) 1.0 85 34.0 
2.80 4.85 1.4 60 33.3 


Excess of oil generally results in a tough, low-grade concentrate that is 
hard to clean; usually, also in high tailing content; a deficiency produces 


a tender froth and high tailing. 
When water is reclaimed the frothing element comes back in considerable 


Guantities and the amount of new frothing agent can be cut down, at times 


to the vanishing point. 


Quantity of flotation agent that can be used was of artificially great importance for 
several years prior to November, 1923, because of the limitation of the basic agitation-froth 
patent (835,120) to an amount of oil less than 1 per cent. on the weight of the ore. The 
experience of the patentees had led them to conclude that their process was dependent upon 
such restricted use of oil and they had so limited themselves in their claims. On account of 
the exorbitance of the early royalty demands, it was in many cases cheaper to use more than 
20 lb. of cheap oil per ton than to meet the license contract offered, and the result was that 
methods of operation with more than 1 per cent. of oil were quickly devised. The patentees 
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then clamorously denied that the part of the oil in excess of 1 per cent. was active in the 
process, and claimed infringement. The fact is that no critical point in oil quantity exists 
at 1 per cent., and that the large quantity of oil plays precisely the same role in agitation- 
froth flotation as the small quantity. When the oil quantity is increased beyond a certain 
maximum, continued agitation may cause the oil-sulphide sheaths of the air bubbles to 
become dislodged and roll up into shot-like granules as described in the Cattermole patents 
(Sec. 14, Art. 4). The change from flotation to granulation takes place, however, over a 
wide range of oil quantity, dependent upon other factors of the operation. It may be accom- 
plished with less than 1 per cent. of certain oils, and it may be deferred until the amount of 
oil is upwards of 25 or 50 per cent. Table 19 presents the results of a series of tests run ina 


Table 19. Effect of oil quantity on flotation performance 


Oil mixture Assays, per cent. Cu 
2 Recovery, 
C per cent. 
Kind Per cent. Kind Per cent. Feed aS Tailing 
trate 
Tests using approximately 1.25 lb. oil per ton (a) 
SFG 89 YP 11 0.940 2.575 0.670 38.8 
SFG 93 VP. 7 0.940 30.400 0.675 28.8 
SFG 83 b@ 17 0.955 31.300 0.270 72.4 
Tests using approximately 20 lb. oil per ton (a) 
SFG 95 XG 5 - 0.980 25.000 0.15 88.4 
SFG 98 ¥P. 2 1.050 39.300 0.130 87.9 
SFG 98 YPR 2 1.030 25.050 0.040 96.3 
Tests using 100 to 170 lb. oil per ton (a) 
! 

SFG 99.75 YP 0.25 1.050 33.100 0.383 64.3 
SFG 99.81 YP 0.19 1.050 26.650 0.175 83.9 
Tests using 218 to 240 lb. oil per ton (a) 

SFG OO aM sist cake ANS, wayataiioc’ 0.935 3.300 0.433 61.8 
SFG 99.87 YP 0.13 0.955 17.400 0.200 80.0 
SFG 99.93 YP 0.07 0.935 18.600 0.133 86.4 
Tests using approximately 470 lb. oil per ton (a) 

SFG MOOI IAA AIRS oes FIND... AER 0.935 8.400 0.180 73.6 
SFG 99.98 YP 0.02 0.985 14.800 0.100 89.9 


a About 7 lb. of sulphuric acid per ton in all tests. SFG A mixture composed of 30 
per cent. stove oil, 30 per cent. petroleum residium and 40 per cent. gilsonite. YP Yaryan 
pine oil. X mixture of 5 per cent. Yaryan pine oil and 95 per cent. Barrett No. 4. YPR 
Yaryan pine reconstructed with 7 per cent. sulphur. ce 


Janney laboratory machine on regular flotation pulp at the Uran Coprrr Co. mill. Tests 
in the operating mill confirmed these. Mill operation is easier with a smaller amount of oil 
on account of the difficulty of cleaning and dewatering high-oil froths; and the use of larve 
quantities of oil would have been uneconomical except under the peculiar conditions that 
existed entirely unconnected with the technology of the process. It is also true that with 
certain oils, notably oleic acid, it is difficult to produce froth with large quantities of oil 
but there is substantially no oil mixture that cannot be used in excessive proportions if 
other elements of operation are regulated to correspond. ; 
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Oil (a). Feed (Average tons slimes per day, 6500 tons) veil (a) 
10 Janney emulsifiers in parallel 10 Janney emulsifiers in parallel 


8 bucket elevators 3 bucket elevators 
8 rows of 7@ 24-in. double-spitzkasten 12 rows of 7 @ 24-in. double-spitzkasten 
Janney mechanical-air machines Janney mechanical-air cells 
Rn, Sas SE ay Se RESIS EIS a | a 
Overflow of last Overflow of T r Overflow of Overflow of last two 
two cells in first five cells Waste Waste _ first five cells cells in each row 
each row in each row a = in each row 


n 
2 bucket elevators 
15 @ 24-in. double-spitzkasten 2@ 15-compartment Inspiration machines 
Janney mechanical-air f : 
Overflow T 


cells in parallel { 
FRc hers 0 ae 2 @ 7-compartment Inspiration machines 
{ 
15 @ 24-in. double-spitzkasten 
Janney mechanical-air 
cells in parallel 


5 @ 24-in. double-spitzkasten 
Janney mechanical-air 
cells in parallel 


Cc 


5 @ 24-in. double-spitzhasten 
Janney mechanical-air 
cells in parallel 


T 


3 y ‘ 
5 @ 24-in, double-spitzhasten 
Janney mechanical-air 
cells in parallel 


C 


Dewatering plant 


Fic. 76.—Flow-sheet for operations with more than 20 lb. of oil per ton at Ray 
Consolidated Copper Co. 


At Ray ConsoLipATED Copper Co. slimes were treated &t the rate of 6500 tons per day 
according to the flow-sheet shown in Fig. 76. Average results are shown in Table 20. 
Comparative results at the same 
mill with a flow-sheet in which Table 20. Comparison of flotation results using less and 
the oil was thoroughly emulsified more than 1 per cent. of oil on the ore, at Ray Consolidated 


in water with a Penberthy steam Copper Co. 
injector, then mixed with the -— 
slime feed in a Pachuca tank and 
treated in one 16-compartment Legend ish ar ieee or 
Inspiration rougher (3 X 4-ft. | _ tre : 
en ane ae Ms i Feed, per cent, Cu....... 0.746 0.755 
Bas i be tis I tats Concentrate, per cent. Cu. 21.80 12.78 
cn camo, nhac, f roine: per cont. Cun.) 0.440 0.554 
re dine es oil m the boot Recovery, per cent....... 41.9 27.8 

H i : i Lies 3 20. 
of a bucket elevator returning Pounds of oil per ton. 1.4 0.8 


cleaner tailing, and wood creo- 


sote and coal-tar creosote to a 
distributing box ahead of the rougher cells, 13.8 per cent. concentrate and 0.372 per cent. 


tailing were made from 0.705 per cent. feed when adding 20.2 lb. oil per ton; a recovery 
of 48.6 per cent. Table 21 also shows the marked improvement in grade of concentrate 
that is typical of the use of chemical agents with certain ores. 


Cost and availability of reagents. Price of oils ranges from a few cents per 
gallon for petroleum fuel oils to about 50 cents per gallon for the best grade of 
steam-distilled pine oil (1926). The organic-chemical reagents ordinarily cost 
more than oils per unit of weight, but, on account of the smaller consumption 
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and greater ease of operation, as well as greater recovery and higher grade of 
concentrate they frequently show sufficient economy to stand the greater price 
and the royalty payment. When considerable quantities of inorganic agents 
are necessary, these will ordinarily constitute the greatest item of cost, notwith- 
standing the usually lower unit price. Market prices of reagents are quoted 
at short intervals in Eng. and Min. Jour. and Chem. and Metl. Eng. 


Table 21. Comparative results with less than and more than 1 per cent. of oil 
and with X-cake at Ray Consolidated Copper Co. 


z +1 em! 
Legend per cent. per cent. X-cake 
of oil of oil 
Heed, percent. Cu. 4... 04.55 0.663 0.753 0.739 
Concentrate, per cent. Cu....| 10.94 9.78 29.36 
Tailing, per cent. Cu........ 0.399 0.383 0.372 
Recovery, per cent.......... 41.4 51.2 50.3 
Pounds reagent per ton...... 20.4a 6.12a 0.39 


a Coal tar, coal-tar creosote, fuel oil in various mixtures. 


It is rarely that an ore will respond to one reagent or reagent mixture only 
and the difference in cost of reagents per ton treated is ordinarily small. Such 
being the case, the question of dependability of supply is much more impor- 
tant than the price per pound. Other things being equal, locally-produced 
reagents are superior to those manufactured at a distance, but it is rarely that 
a suitable local supply can be found. Irregularity in transportation can be 
taken care of readily by generous provision for storage at the plant. 


17. Operation 


General. Operation of froth-flotation processes requires a higher class 
of labor and more careful and intelligent supervision than does any other 
operation in a concentrating mill. This is due to the fact that successful 
operation involves harmonizing many different elements and it is substantially 
impossible to formulate simple rules that set forth the proper things to do under 
the multifarious conditions that arise. Even in the laboratory where conditions 
are under the best possible control, skilled and unskilled operators working from 
the same set of instructions and with the same materials will obtain results dif- 
fering as much as 30 or 40 per cent. in recovery and proportionately as much in 
concentrate assay, and yet the differences in the things they do are very slight 
and are differences of degree rather than of kind. The early results obtained 
in any plant are almost invariably poorer than those attained at a later date 
notwithstanding that the elements of the operation have not, in so far as they 
are capable of definition, substantially changed. It is not, of course, to be 
understood that any mystery is involved, but rather that control of the mag- 
nitude or intensity of essential operating factors and judgment of results are 
matters that must be gained by intelligent observation and experience. All 
of which may be summarized in the statement that in the present state of 
knowledge froth flotation is an art rather than a science, to perhaps a greater 
extent than any other operation in concentrating practice. 

The definable elements of operation are: (1) size of feed, (2) character of 
feed, (3) kind of machine, (4) kind and quantity of flotation agent, (5) pulp 
density, (6) feed rate, (7) intensity and duration of agitation and aeration 
(8) temperature, (9) character of water supply. 
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Size of feed. Apart from the fact that low-grade tailing and high-grade 
concentrate are not to be expected until grinding has freed substantially all 
of the valuable mineral, froth flotation will not, in general, recover mineral 
grains larger than 0.25-mm. and will not make a high recovery of grains coarser 
than 0.15- to 0.175-mm. Maximum recovery is made of grains between 
0.03- or 0.04- and 0.10- or 0.12-mm.; there is a considerable drop in recovery 
of the finest sizes. The agitation-froth process will save coarser mineral 
than the bubble-column process and the latter is more efficient in saving very 
fine material. (See Tables 22 and 23.) 


Table 22. Sizing-assay test of feed and products of agitation-froth machine, Braden 
Copper Co. (After Broadbridge, 22 IMM 37) 


| 

Feed, per cent. Concentrate, per cent. Tailing, per cent. 

Screen, : 

mesh 

Weight Cu Weight Cu Weight Cu 
40 6.4 OFS ST OT SA A Ba Se Pee 3.6 0.60 
60 18.3 1.0 5.8 15.0 26.1 0.65 
80 11.5 1.8 9.3 14.4 8.6 0.45 
100 14.9 2.9 18.0 Le ib bes, 0.32 
150 8.1 3.6 25.6 22.0 12.7 0.38 
—150 40.8 3.8 41.3 24.7 37 13 0.75 


Table 23. Sizing test of feed and products and sizing-assay test of tailing of pneu- 
matic cells at Miami Copper Co. 


Sizing test Sizing-assay test of tailing 
Screen, GC ee Assays, per cent. Cu 
mesh says we oncen- Veight, 
Feed Tailing trate per cent. 
Total Oxide Sulphide 
EE eer oe Care real? Byes cere elk eae eras exes 1.4 0.61 0.18 0.43 
Gah ball pela RSME sacle Gh heen Foe eves Se (ae ee 4.3 0.58 0.14 0.44 
48 0.7 Os 7 ame ete tea oases Si 0.52 0.14 0.38 
65 4.6 A SOIR Gch ei 9.7 0.45 0.15 0.30 
100 11.8 D259 oevly. EF .. webibes 12.9 0.38 0.14 0.24 
150 17.3 SEES a lead rere ae SAR 12.1 0.40 0.15 0.25 
200 5.6 4.6 0.8 5.9 0.40 0.23 0.17 
— 200 60.0 60.0 99.2 45.6 0.83 0.68 0.15 


Fig. 77 (65 A 576) shows the relation at In- 
SPIRATION between fineness of grinding and 
grade of flotation tailing. 

There has been a gradual decrease in 
size of flotation feed ever since flotation 
was first introduced into the mills, so 
that while in early practice 28- or 35- 
mesh (0.59- or 0.42-mm.) was the limit- 
ing size, the present average maximum 
lies between 65- and 80-mesh (0.21- and 
0.18-mm.). This trend is in part due 
to study of losses in tailing and in part Fyg. 77,—Relation between size of 

to the steadily increasing adoption of feed and assay of tailing (pneumatic 
pneumatic machines. machine) 


Per cent.sulphide 
copper in tailing 


Or 2 xoved aa ht Oneimn Ono 


loo) 


Per cent.oversize on 48-mesh 


860 FLOTATION Sec. 12. 


The reasons for the failure to recover large and small particles are different. 
Large particles are lost because of the inability of the bubbles to carry them. 
In the agitation-froth process many of the bubbles carrying large particles do 
not have sufficient buoyancy to lift them to the top of the pulp in the spitz- 
kasten, as may be seen by removing some of the pulp from the spitzkasten 
in a test-tube and examining it before a microscope. Also in many cases the 
large particles are jarred loose from the bubbles that precipitated upon them, 
because of the relatively great inertia of these large particles. In pneumatic 
machines, it is difficult to lift the large particles into the bubble column, on 
account of their greater settling velocities, and it is, of course, more difficult 
to lift them in the bubble column, for the same reason. As between the two 
types of processes, the agitation-froth process is the better fitted to hold large 
particles in the froth, once they have been raised to that point, both because 
of the firmer bond between the particles and the bubble walls and because the 
fine-textured froth acts mechanically as a screen and prevents large particles 
from falling back, even though they become detached from the bubbles. 

The reason for loss of small particles is not definitely known. It is not 
improbable, however, that it is in part due to the locking of these particles 
in slime floccules and in part to the lack of flocculation of the sulphide par- 
ticles themselves. Both of these hypotheses accord with the observed facts 
that the losses’in the finest sizes are greatest in the agitation-froth type of 
machine, since the agitation of this machine in itself tends to produce floccula- 
tion (see Sec. 16, Art. 4), and flocculation of the slime-sulphide particles is 
essential to gas precipitation, which is no part of the pneumatic process. 

Coghill (119 P 404) states that at the Primos CuEemican Co. molybdenum plant recovery 
was raised from 60 to 83 per cent. by floating coarse pulp and then re-grinding and re-floating 


the tailing and ascribes the improvement to the fact that first grinding all of the pulp to 
ultimate flotation size overground some of the mineral. 


Character of feed. High-grade feed makes for easy operation on account 
of the heavy loading of the bubbles and the consequent great stability of the 
froth. It is easier to make high-grade concentrate with high-grade feed, prob- 
ably on account of the tendency of the mineral to crowd gangue from the bub- 
ble surfaces mechanically. On the other hand, the tailing from the treatment 
of high-grade feed will almost invariably be higher than that obtained from a 
low-grade feed of equal general floatability. It may happen, however, as is the 
case with free-milling non-sulphide gold ores, that the amount of metal 
present is insufficient to stabilize a selective froth, in which case, of course, 
flotation is inapplicable. 

There is no great difference in floatability of the sulphides of different 
metals. The principal differences of importance are in the gangue minerals. 
An ore containing a large amount of clayey material, 7.e., a large amount of 
primary slime, will invariably be more difficult to float than an ore with a clean 
silicious gangue, and different methods of treatment may have to be employed. 
(See pages 844-858.) 

Attempts have been made in some mills to solve the problem of primary 
slimes by separating them from the granular matérial by classification and 
treating the granular and slime materials separately, but these attempts have 
not been successful. In several instances it has been found, particularly in 
pneumatic machines, that the recovery from the granular material was not so 
high when it was treated alone as it was when treated in the presence of the 
slime, and that the recovery of the slime was not improved sufficiently to 
make up for this loss or to pay for the more complicated treatment. 
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‘ Gahl (45 A 576) found at Insprrarion that the granular material could be treated 
with ease but that the slime portion would not respond to flotation at all. He found, how- 
ever, that if the percentage of primary slime in the flotation feed was kept below 20, Tnepene 
tion ore could be treated without greater tailing loss than was experienced when treating 
the granular material alone, although the grade of concentrate went down as the percentage 
of slime in the feed increased. 


Control of the feed to keep the primary-slime content within proper limits 
is now the practice at all mills where such control is possible, and fairly elabo- 
rate methods of mixing in the mill bins is practiced to attain this end. 

Kind of machine is not an operating variable, but is, of course, within 
control of an experimenter in preliminary testing. What has been said under 
“Size of feed”’ indicates that the pneumatic machine is preferable to the agi- 
tation-froth type for the reason that it is better fitted to save slime mineral, 
while its lesser ability to save coarse mineral can be taken care of by finer 
grinding. The pneumatic machine is easier to operate and control, once its 
operation is learned, than the mechanical machine, takes less power, and is 
cheaper to install and maintain. 

Kind and quantity of flotation agent. Over-oiling is a frequent cause of 
poor operation. It is usually indicated by decrease in grade and increased 
mobility and overflow of froth. Aggravated over-oiling may kill frothing 
completely unless other conditions are adjusted to this condition. Excess 
of inorganic agents usually lowers both grade of concentrate and recovery. 
Where large amounts of inorganic salts are present in the mill water, however, 
it is usually possible to change other operating conditions, so as to overcome 
the bad effect. 

Ralston (105 J 736) relates that at Ou10 Copper Co. the bad effect of the presence of 
copper and iron sulphates in the mine water used for flotation was rectified by addition of 
potassium cyanide. 


Small-bubble froths frequently carry considerable coarse gangue. This 
condition can usually be rectified by changing oils in such a way as to 
produce coarser froth. The effect is to increase the inter-bubble space in the 
froth and allow the coarse material to drain back. The effect is particularly 
noticeable in machines of the combination agitation-froth and bubble-column 
types. 

Place that agents are added makes considerable difference in their per- 
formance. Viscous oils and slow-dissolving chemicals should be added at 
the intake of the grinding mills. On the other hand, chemicals that alter 
quickly and, when altered, lose their effect, should be added directly to the 
flotation machine. Reagents that depend for their effect on chemical reaction 
with a constituent of the ore should be added far enough ahead of the cells 
to allow time for the reaction, e¢.g., sodium sulphide with mixed sulphide- 


oxide ores. 


Benitez (123 P 922) records that at Carmmu sodium sulphide added to the ball mills 
upset classifier performance and also lost its effectiveness by the time the pulp reached the 
flotation cells and that addition of freshly formed saturated solution near the tail end of the 
machine, where it would not interfere with sulphide flotation, gave the best results. Ral- 
ston and Yundt (116 P 647) state that at Miami lime added to the grinding mills increased 
recovery, but if added at the head of the flotation cells, was harmful. 


Methods of adding reagents. The fundamental requirement is that the 
addition shall be regular and proportioned to the quantity of feed. No 
satisfactory method of automatically changing the addition rate with change 
in pulp-feed rate has been perfected. Solutions and mobile oils are readily 
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fed through needle valves, but it is essential, if the feed rate is to remain 
constant, that the head on the discharge shall not vary. 


Rice (106 J 1022) describes a can feeder in which the oil is displaced upward and over- 
flowed by means of water dripped into a pipe that feeds into the bottom of the oil container. 
This method is, of course, applicable only with oils and mixtures that are lighter than water 
and substantially immiscible therewith in bulk and has the disadvantage that the water 
abstracts a part of the water-soluble portion of the oil. With heavy oils a salt solution may 
be used to float the oil. 


For viscous liquids various mechanical methods have been perfected, 
such as a small piston pump whose stroke length can be varied as desired: 
a miniature bucket elevator, of which either the speed; pitch, size, number 
or inclination of buckets; or the height of liquid in the boot can be varied at 
will: or a mechanism in which a revolving pulley dips into a tank of oil and 
the oil is removed from the face of the pulley by a scraper, the width of the 
scraper cut determining the amount removed (Braun oil feeder). Solid re- 
agents are best added in solution, where possible. Failing this, the best 
method of addition is to pulverize them and then feed over a miniature of one 
of the various types of ore feeder, such as a traveling belt or chain, roller, 
vibrating or shaking plate or the like. \ 

Ordinarily the reagents are dropped onto the surface of the pulp, but Barker (1,447,006/ 
1923) describes an apparatus consisting of a horizontal perforated pipe surrounded loosely 
by a screen (about 18-mesh), attached by a tee to the lower end of a feed standpipe. Screen 
and perforated pipe are submerged in a moving stream of pulp and the screen acts as a per- 
meable cylinder, emitting the reagent in minute droplets and films into the passing pulp, 
This apparatus, while not so successful in effecting dispersion as grinding the agent with the 
pulp, is nevertheless remarkably effective with mobile oils. At Ray ConsoLtipaTeD COPPER 
Co., using the same flow sheet as in atomizing (see Fig. 76) but adding a mixture of one part 
wood creosote to three or four parts of coal-tar creosote at the rate of 1.0 lb. per ton through 
a perforated pipe, the average tailing was 0.435 per cent. Cu and concentrate 16.03 per cent. 
Cu from feed averaging 0.682 per cent. Cu. This is a recovery of 37.2 per cent. Oxide- 
copper assays in feed and tailing respectively were 0.25 and 0.40 per cent. 


In the modern use of chemical reagents such as alpha-naphthylamine, 
thiocarbanilid, xanthates and the like with slightly alkaline pulps, regulation 
of the degree of alkalinity in the pulp is an important factor.” It is usual to 
effect this by frequent titration. 

McLeod (114 J 991) describes an apparatus that indicates continuously the condition of 
the pulp as regards alkalinity. It consists of a filter that is placed in the pulp near the head 
of the cell, connecting by means of a flexible tube and a glass tube coated on the inside with 
fused phenolphthalein, with a vacuum bottle. The redness of the liquid dropping into the 


bottle is an indication of the degree of alkalinity of the pulp. Arrangement is made for 
periodical flushing of the system with water or compressed air. 


Pulp density. Apart from the effect on the kind and quantity of flotation 
agents necessary and on the capacity of the machine (see descriptions of vari- 
ous machines), pulp density has a marked effect on recovery and grade of 
concentrate. The usual range is between 18 and 25 per cent. solids in rougher 
machines for pulps with average slime content. Density of slimy pulps 
ranges between 10 and 15 per cent. solids, in general. High pulp density, 
compared to the above figures, ordinarily causes low recovery and low-grade 
concentrate, with a sluggish, gangue-colored small-bubble froth similar to 
that produced by over-oiling, although this is not necessarily the case with 
sandy pulps. Low density causes production of a lightly-loaded, watery 
froth, a decrease in recovery and, usually, a drop in the grade of concentrate 
in the rougher-cell. This is because of the more intense aeration required with 
dilute pulps to maintain froth overflow, and the consequent overflow of gangue, 
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Low density is the usual condition in a cleaner cell, but here, although the 
recovery is generally low as compared with the rougher, the grade of feed is so 
high that overflow can be maintained with moderate to slight aeration and 
gangue is not, therefore, carried over mechanically. 

Nevett (121 P 349) cites experiments at the Junction Norru mine, Broken Hill, to the 
effect that with 56 per cent. solids in the feed the machines treated 8 tons per hr. with poor 
results, while with 35 per cent. solids the same plant treated 24 tons per hr. with much 
improved results. The lower figure is much higher than is usual in the United States. 

Maintenance of constant pulp density is just as important as determination of the right 
density. Ordinarily other conditions can be so adjusted that any pulp density within a 
considerable range will yield the same results, but once adjusted, results will fall off, if den- 
sity varies. When mechanical classifiers prepare flotation feed, pulp density can be readily 
watched either by a hydrometer or by noting the height to which water rises in a small 
glass tube (about 1-in. bore) supported near the overflow end so as to project about 6 in. 
below the overflow lip. At the Suniivan miut (1/9 J 170) flotation pulp is run through a 
small spitzkasten (18 in. square by 30 to 36 in. deep) suitably baffled to give uniform flow; 
a 34-in. pipe with a bell fitting on the bottom carrying an 8-oz. canvas diaphragm is sup- 
ported with the diaphragm 7 in. from the bottom of the spitzkasten; the upper end of the 
pipe is connected with an inclined glass tube against a calibrated scale and the whole is filled 
with colored water. At several mills hydrometer-controlled valves are installed on the line 
supplying water to the classifier and pulp density is kept substantially constant. This 
also keeps the size of flotation feed substantially constant. Where automatic or bydrometer 
control is not practiced, the usual procedure is to weigh samples of known volume and read 
density corresponding to the result from a chart or table. 


Feed rate. There is a maximum feed rate for any cell under given con- 
ditions, but there is no minimum rate other than that imposed by economic 
considerations in design. That is to say, recovery in a given cell under given 
conditions is a maximum at the minimum feed rate, but the fall in recovery 
with increasing feed rate is very slow until the overload point is reached, when 
recovery falls rapidly with further increase. Many cells are fed far below 
the maximum rate. 


Gahl says that at InsprraTion doubling the section feed caused only a slight diminution 
in flotation recovery. 


This condition of underload is more evident in series installations, such as 
the standard multi-compartment agitation machines and pneumatic machines 
of the Inspiration type, than with single-cell machines of the standard Callow 
type. In the multi-compartment machines the later compartments are acting 
as scavengers only, under normal operating conditions, and the recovery that 
they effect is small. When the feed rate is increased, more work is put on 
these later, normally underloaded, compartments. On the other hand, in 
the parallel-type installation, the machines are usually worked much more 
nearly to ultimate capacity, and when increased load comes on, some of the 
additional mineral goes into the tailing. 

The ultimate capacity per cell is the same in both series and parallel installations. This 


was conclusively proved by careful experiment, both with standard Minerals Separation 
machines and with Callow machines, at the Miami Coppmr Co. 


Constant feed rate is important, for the reason that other variables, 
particularly agent addition, are based on a given rate, and change in rate 
changes the proportions and usually results in poorer performance. _ 

Agitation. Intensity of agitation is not an operating variable, but 
recovery can frequently be increased, at the expense of increase in power 
consumption, by increasing the speed of impellers in agitation machines. 
This is particularly necessary when changing over from oils to chemical 
collecting agents. Agitation is not a function of pneumatic machines. 
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Attempts have been made to utilize the first cell as an agitator to mix flotation 
agents with the pulp, but they have been almost uniformly unsuccessful. 

Duration of agitation may be increased by adding more compartments to 
a series machine, or decreasing the rate of feed. The effects of both of these 
changes are discussed above. 

Aeration can be varied in agitation machines only by varying the intensity 
of agitation. In pneumatic machines variation in intensity of aeration is one 
of the principal operating variables. If there is too little aeration, the bubble 
column may break down at the surface nearly as fast as it is added to at the 
bottom, and recovery will suffer although grade of concentrate will increase. 
If there is too much aeration; boiling of the pulp may be sufficient to prevent 
a bubble column from forming, when, of course, there will be no concentration. 
If a bubble column forms under conditions of too much aeration, the froth 
will be low-grade on account of excessive return of gangue to the bubble 
column. 

Temperature of the pulp has great effect in pulp-body flotation processes 
on account of its effect on the solubility of air in the water. The intensity of 
effect of all other flotation conditions is increased by increase in temperature 
of the pulp, minerals that are difficult to float in cold pulps are readily floated 
in hot pulps, and readily-floated minerals may be floated with less agitation 
or with less oil. Rise in temperature has a certain beneficial effect in pneu- 
matic flotation with oil, but the effect is apparently only that it aids dis- 
persion of the oil, since the same effect is not found when soluble, readily- 
dispersed frothing and collecting agents are used. 


At Mr. Lreuy (123 P 90) the winter temperature of the pulp is 47° F. and summer, 74°. 
Results in agitation-froth machines consistently improve in summer. Nevett (121 P 349) 
says that in the differential plant at Junction NortH mine, Broken Hill, a rise in tempera- 
ture of even 1° F. above 90°, which was the desired temperature for lead flotation, caused 
zinc to commence to float, and that in the zinc-flotation machines, which were operated at 
135° F., drop to 130° caused increased zinc losses. Ralston and Cameron (99 J 937) state 


that on practically any flotation pulp heating aids selective action and betters grade of con- 
centrate. ; 


Water supply is not normally an operating variable, except in those cases 
where reclaimed and fresh water are at the disposal of the operator for alter- 
native use. 


In the early work at Broxen Hitu it was found that when the amount of inorganic salts 
in solution in the flotation-pulp water exceeded a certain amount, flotation was harmed, 
hence sufficient fresh water was added to the circuit to keep the supply below this harmful 
concentration. As late as 1920, Nevett stated (121 P 349) that at the Junction Norra 
MINE results fell off, if the concentration of salts in the mill water fell below 1400 or rose above 
2600 grains per gal. In Arizona, where much of the mill water may be reclaimed from a 
tailing dam, the water frequently becomes so concentrated in certain soluble substances, due 
to evaporation, as to have a harmful effect on performance; on the other hand, a heavy rain 
which dilutes the water in the tailing pond may also have a harmful efiect, particularly 
where the return water is depended upon for some of the flotation agents. In other 
words, the situation is that after the mill operation has been adjusted to a certain 
amount of contamination in the water as a regular operating condition anything that dis- 
turbs the regular condition is harmful. At Tux Mi Cuunce the spring floods bring large 
quantities of clay-like solid into the water supply and so long as this material is present flo- 
tation is uncertain and unsatisfactory. Bates (109 J 552) notes similar interference with 
flotation in a Mmxican mitt. Water from bogs and swamps usually contains tannin and 
vegetable acids which are ordinarily deleterious. 


Stage flotation. One form is described by Gayford and Crerar (1,176,441/ 


1916), consisting in grinding in two or more stages with intermediate flotation 
to remove concentrate. 
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At Miami Copper Co. recent practice is to grind to 3 to 5 per cent. +48-mesh (instead 
of 65-mesh, as formerly), float, classify primary flotation tailing, sending slime to secondary 
flotation and sand to re-grinding mills and thence back to the primary flotation machines. 
This practice has greatly increased capacity, although it involves 33 per cent. additional 
grinding equipment. 


Typical flotation flow-sheets may be classified into two general types on 
the basis of the part that flotation plays in the mill-treatment scheme and each 
of these classes may be again subdivided on the basis of the method of routing 
the pulp through the flotation machines. On the first basis, a flow-sheet is 
of the primary type when flotation is the primary or principal means of con- 
centration employed and the bulk of the concentrate is recovered thereby; 
it is SECONDARY type when flotation is an accessory or subordinate process 
and some other means of cencentration, usually gravity concentration, is the 
principal method of treatment. On the basis of pulp routing, a flow-sheet 
is of the CONCENTRATE-MIDDLING type when the flotation feed pulp passes 
through a set of machines in series, and these machines deliver finished froth 
concentrate off the early cells, a clean tailing as the underflow or spigot prod- 
uct of the last cell; and a low-grade froth or middling as the overflow of the 
later cells; this middling being returned to the head of the machine. A 
flow-sheet is of the ROUGHER-CLEANER type when two machines, not in series, 
comprise the flotation installation; the first (RouGHER) makes a finished 
tailing and low-grade concentrate, which is sent to a second machine for 
cleaning; the second (cLEANER) makes finished high-grade concentrate and 
an underflow or spigot product constituting a middling, which is returned to 
the rougher cell. Combinations of these two methods of routing are also 
met with and may be classed as COMBINATION methods. Many combination 
routings are possible. 

The bases for the differences in methods of flotation treatment are (1) 
the differences in the mode of occurrence of the valuable minerals in an 
ore and (2) the inability inherent in flotation processes to make a finished 
concentrate and a finished tailing with no material of intermediate value, in 
one treatment on one and the same machine. If the sulphide mineral in an ore 
occurs in coarse aggregates, a considerable proportion can be saved by gravity 
concentration at a less cost than by flotation, and ordinarily in the form of a 
concentrate that is more valuable than the concentrate made by flotation; 
assuming, of course, that the specific gravity of the gangue is sufficiently 
different from that of the sulphide to make gravity concentration efficient. 
In such case, flotation will probably form a subordinate part of the flow-sheet. 
On the other hand, if the sulphide mineral is disseminated through the ore 
in fine grains and the difference in specific gravity between the sulphide min- 
eral and the gangue is not great, gravity concentration can recover only a 
small part of the valuable mineral and flotation should form the principal 
part of the treatment scheme. ‘The choice as to the method of routing 
depends, to a large extent, on the percentage of floatable minerals present in 
the ore and on the grade of concentrate desired. A rougher-cleaner routing is 
usually used where the percentage of mineral in the flotation feed is low, and 
the concentrate-middling routing or combination routing is used when the 
percentage of mineral is high. The rougher-cleaner routing is best adapted 
to making a high-grade concentrate. 

Cost. The approximate cost of pneumatic flotation (1926) as estimated 


by J, M, Callow (PC), follows: 
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Cents per ton 
Simple, one- Complex, two- 
metal ores metal ores 
(Cu) (Pb-Zn) 
itPowen(@l¢ iperikwiebrak 2 1ee. GUL. o. De 3.0- 4.0 6.0— 8.0 
2. irkepairs and renewals. sath art. a) - Jeaesitohes Be 1.5- 2.0 3.0- 4.0 
Been Gents a. shvariwy okt a, ky teks a dane Reet dae ois a cote 4.5- 9.0 20.0-30.0 
Motel OISk. oe eee MPL DAS Bb BES 9.0-15.0 29 .0-42.0 
100-ton scale 12-15 15-20 
API ADOT SS ipa et rts es hone ee ater et 500-ton scale 6-7 7-9 
1000-ton scale 4-5 5-6 
100-ton scale 21-30 44-62 
Total costs, items.1,, 22,5304 os oes, os 500-ton scale 15-22 36-51 
1000-ton scale 13-20 34-48 


(The above estimate includes only those items directly chargeable to flotation.) 


For agitation-froth flotation add 1¢ to 2¢ per ton for additional power. 
The following actual costs at Uran Appx, grinding to 60-mesh and making 
a lead-zinc separation verify the estimate: Power, 6.2¢; repairs, 1.8¢; reagents, 
21.9¢; labor, 4.0¢; total, 33.9¢ per ton of flotation feed. Total cost was 
$1.60 per ton of crude ore, hence flotation was 21 per cent. of the total. 


Total milling costs in a number of flotation plants follow (J. M. Callow): 


Cost, 
Plant Year Fee ese dollars 
per ton 
Utah Copper Co.(b)...:.. 1920 30,000 0.61 ; 
Inspiration(b)............ 1916 | 15,000 | 0.53 Notes: a Name withheld. 6 
Nevada Cons. Cop. Co.(d).| 1918 12,000 0.93 Straight, sulphide copper. ¢ 
MWitemin(D el tiene ect ey 1923 6,000 0.64 Copper-iron differential. d 
Porphyry Copper (a),(b)...| 1926 4,200 0.60 Lead-zine differential. e Lead- 
Porphyry Copper(a).(b)...| 1926 3,500 0.55 zinc-iron; tables and flotation. 
Utah Cons. Copper Co.(c).| 1920 1,000 1.10 
Magma Copper Co.(b)....| 1916 400 1.04 
Bluestone(6):...5 .e5e8 6. 1918 500 1.23 
Utah Aen (d)s a2. sc0 2.02 1924 400 1.36 
Silver Dyke(e)........... 1923 400 1.36 
Eustis Copper Co.(c)...... 1925 175 1.54 


18. Flotation of gold and silver ores 


When precious metals are intimately associated with base-metal sulphides, 
or the precious-metal value is a sulphide, or in the metallic form and suffi- 
ciently finely divided and present in sufficient quantity or with a sufficient 
quantity of base-metal sulphides to stabilize a froth, flotation may be 
employed and good recovery made. Low-grade non-sulphide precious-metal 
ores cannot be treated by flotation because there is not enough metallic sub- 
stance present to stabilize froth. 


Kaanta (1,539,120/1925) describes a process for treating precious-metal ores mixed with 
sulphides, consisting of pre-treatment by grinding and agitation in a dilute solution of alka- 
line cyanide (about 3 lb. per ton) and a collecting agent, e.g., coal tar, in order to brighten 
and coat the precious metals, followed by agitation with a precipitant such as aluminum or 
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zine dust, sodium sulphide or charcoal, for any dissolved precious metals, after which a 
frothing agent is to be added and flotation carried forward in the usual fashion. He states 
that the process is also applicable to oxidized ores. 

At Vinpicator Conso.iparep Goxup Minne Co. mill (114 P 202) results on a 300-ton 
basis showed $40.25 concentrate and $0.375 tailing from $5.40 feed, which is a recovery 
of 93 per cent. Del Mar (123 P 497) states that at a mill treating a silver ore containing 
native silver and polybasite a K. and K. machine with crude petroleum and steam-distilled 
pine oil averaged 1189-0z. concentrate and 1.5-oz. tailing from feed containing 11.3 oz. 
silver. At a GOLD MILL treating oxidized ore containing lead carbonate, the same type of 
machine with the same oil mixture made 22.2-o0z. concentrate and 0.14-oz. tailing from a feed 
assaying 0.87-oz. gold. 


Flotation vs. amalgamation and cyanidation. The following summary 
accords generally with experience: (1) If amalgamation will recover any 
considerable portion of the precious-metal values, this part will be recovered 
more cheaply than by either cyanidation or flotation; the amalgamation 
treatment will not interfere with subsequent practice of either of the other 
processes, and should be installed. (2) Cyanidation requires a more expen- 
sive plant than flotation. (See Sec. 23.) (3) Operation of the cyanide 
process is, in general, more expensive than operation of the flotation 
process. (4) Clean-up and refining of cyanide precipitate is cheaper, per 
ounce of metal in the original ore, than the recovery of metal from flotation 
concentrate. (5) If the gold remaining after amalgamation is free, 7.e., not 
associated with or included in sulphides, cyanidation will almost surely make 
a considerably lower-grade tailing than flotation; if the precious metals are 
associated with sulphides, flotation will probably make the better recovery 
and will probably, also, not require the pulp to be ground so fine as for 
cyanidation. This is because it is not necessary for the gold and _ silver 
in a sulphide particle to be exposed to the pulp liquid in order that they 
may pass into flotation concentrate, but it is necessary that they be 
exposed, if they are to be dissolved in cyanide solution. (6) The base-metal 
sulphides may be extremely deleterious in cyanidation, and will certainly be 
largely wasted in a cyanide mill, while in a flotation mill they may add value 


to the concentrate. 


Rickard (415 P 265) has analyzed comparisons at several plants. At Norrx Srar, 
80 @ 1050-lb. stamps crushed 110,000 tons per year to pass 20-mesh. The product was 
amalgamated, tabled, classified, and sand and slime cyanided separately. Table concen- 
trate was re-ground to 200-mesh and cyanided. Amalgamation recovered $8 per ton, 
cyanidation $2. Tailing assayed $0.25 to $0.35 per ton; recovery was 97 per cent. The 
cost, including tailing loss, was $1.14 per ton in 1915, which could be reduced to $0.98 per ton. 
To treat the residue from amalgamation by flotation required re-grinding to pass 80-mesh; 
flotation tailing assayed $0.25 to $0.30 per ton. Ratio of concentration was 30: 1 and 
concentrate assayed $70 to $90 per ton. Concentrate handling and smelting cost $17 per 
ton of concentrate or, roughly, $0.50 per ton of ore. Cyanidation of flotation concentrate 
required re-grinding to 200-mesh, consumed 6 lb. of cyanide per ton of concentrate, and the 
tailing assayed $6 perton. Assuming $0.25 per ton for re-grinding, $0.30 per lb. fcr cyanide, 
and $2 per ton of concentrate for precipitating and refining of bullion makes the cost per 
ton of concentrate, including losses, substantially $10. Flotation operation and concentrate 
treatment (excluding loss) were estimated at $0.63 per ton, tailing loss was taken at 
$0.25 per ton and concentrate-treatment loss would amount to $0.20 per ton; total, 
$1.08 per ton. At a Mpxican miu cyanidation recovered 77 per cent. of the gold-silver 
content and gravity concentration 14 per cent., milling cost was $1.55 per ton and tailing 
loss $1 per ton. Flotation tests indicated recoveries between 70 and 83 pcr cent. on 
$10.50 ore at a cost about as much below that of tabling and cyanidation as is equivalent 
to the decreased recovery. J lotation concentrate required to be shipped to a United States 
smelter which cost more per ton of original feed than treatment of cyanide-plant product. 
At Metonres MINING Co., pyritic-quartz gold ore assaying $3.65 per ton was treated by 
amalgamation, tabling, classification and cyanidation at a cost of $0.50 per ton, recovery 
86 per cent. Re-grinding and flotation of amalgamation tailing was estimated at $0.47 per ton 
and recovery at 90 per cent. The total estimated difference in return on this basis was 
$0.146 per ton, assuming similar cyanide treatment of gravity and of flotation concentrate. 
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At Durcu-App, stamping, amalgamation and gravity concentration cost $0.38 per ton, 
concentrate handling, treatment and loss cost $0.36 per ton of mill feed and tailing loss was 
$0.90 per ton, total $1.64 per ton. Flotation treatment in the remodeled mill cost $0.35 per 
ton for stamp crushing and ball milling, $0.15 for flotation, $0.38 for concentrate handling, 
treatment and loss, and $0.35 tailing loss; total $1.23 per ton. At the ARGO CUSTOM MILL, 
the usual ore contains gold and silver associated with pyrite, chalcopyrite and tetrahedrite. 
The first step is table treatment to remove coarse gold. Flotation made slightly better 
recovery on table tailing than cyanidation and cost less; it was sufficiently flexible 
to handle ores ranging from $1.25 to $80 per ton and copper was not a hindrance but 
rather an advantage in that it added value to the concentrate. At PORTLAND, a reverse 
result was chown, resulting in change from flotation back to cyanidation. Treating 
$2.25 dump material, flotation cost $0.10 per ton more than cyanidation for grinding, as 
flotation required 48-mesh grinding against 20-mesh for cyanidation for substantially 
equal recoveries. Flotation had to bear also a royalty charge. Flotation concentrate 
was highly silicious and more expensive to treat than cyanide precipitate and high-grade 
table concentrate. The smelters paid $20 per oz. for gold in concentrate and nothing 
for silver; the mint paid $20.67 for gold and 95 per cent. of New York quotation for 
silver. Wartenweiler (17 JCM 87) reports a comparative test on a TRANSVAAL GOLD 
ORE containing considerable arsenopyrite. The feed contained 0.7 oz. Au per ton. 
Recovery by amalgamation was negligible. Grinding through 150-mesh and cyaniding gave 
a recovery of 45 per cent. Flotation of —90-mesh pulp gave a concentrate assaying 3.35 
oz. Au and representing 71 per cent. recovery. Tailing and middling, assaying 0.20 and 
0.435 oz. respectively, yielded a final tailing of 0.089 oz. after cyanidation, the interfering 
substances having been thrown into the concentrate by the flotation operation. 


DIFFERENTIAL FLOTATION 


19. Introduction 


The term differential flotation is used in contradistinction to the phrase 
COLLECTIVE FLOTATION. The latter indicates an operation in which all of the 
minerals of one general class, e.g., sulphides, are separated by flotation from 
all minerals of the non-sulphide class; the first term describes separation 
effected between two or more minerals of the same class, e.g., lead sulphide 
from zinc sulphide, or one non-metallic mineral from another. Typical cases 
are: galena from blende, pyrite from blende, chalcopyrite from pyrite or 
pyrrhotite, chalcopyrite from blende; carbonates of copper from rock-forming 
silicates, mica from rock-forming silicates, and coking from non-coking bitumi- 
nous coal. Fluorspar may be separated from quartz, apatite and tri-calcium 
phosphate from rock-forming silicates, cassiterite from quartz, cerussite from 
cassiterite, etc. Separation is never sharp. Differential galena concentrate, 
for example, will contain some gangue and considerable zinc, the blende con- 
centrate will contain considerable gangue and considerable lead, and the tail- 
ing will contain more or less of both sulphides. 

It is possible, by proper choice of the method of treatment, to float the 
whole of the solid matter of a given pulp and leave behind clear water; at 
the other extreme a frothing operation can be conducted on the same pulp to 
yield nothing but watery bubbles. In the first case all of the factors tending 
toward the formation of solid-carrying froths have been over-emphasized, 
in the latter, these factors are missing or weakened to such a degree as to have 
become ineffective. Differential flotation is performed by careful control of 
flotation conditions so that a particular degree of flotation between these 
extremes is effected. 

The factors whose control is most important are: (a) intensity of frothing, 
(b) sulphide filming, (c) adsorption of gangue at sulphide surfaces. 

Intensity of frothing is controlled by varying the kind and quantity of 
frothing agent and the intensity of gasification. 

Frothing agents that make fragile, effervescent froths yet which, when 
present in extremely minute quantities, have considerable frothing effect, are 
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most desirable for differential flotation. The best known of these are pine 
oil, eucalyptus oil, cresylic acid and certain coal-tar and wood-tar creosotes 
of high phenol content. These agents are all relatively soluble in water, small 
quantities have large effect on the liquid-gas surface tension, they are readily 
dispersed with a minimum of agitation, and the amount of frothing is sub- 
stantially proportional to the amount of agent added. 

Gasification comprises introduction of gas into the pulp and, in pulp-body 
processes, precipitation onto the desired mineral particles. Intensity of gasi- 
fication involves volume alone in bubble-column processes; in the agitation- 
froth process, additionally violence of agitation and heat. If the intensity of 
gasification is low, e.g., if the volume of gas is small, in a bubble-column 
machine, only the most easily floated mineral is raised to the surface of the 
bubble column. 

Shellshear points out (115 P 613) that the upper part of the bubble column in a sub- 


aeration machine in lead-zine flotation is much richer in lead than the lower part, while 
the lower part is richer in blende. 


The mineral raised may be the most easily floated because it has been 
previously preferentially filmed with collecting agent; or because, though 
equally filmed, it is inherently easier to float; or, what is usually the case, 
because the other sulphide is more heavily coated with adsorbed gangue (see 
page 844). In any case, intense gasification may be sufficient to float the 
less-floatable mineral, when, of course, the more-floatable is raised also and 
no differential action occurs. 

Agitation. In the agitation-froth machine volume of gas and passage 
through solution in the water of the pulp both increase with increasing violence 
of agitation, hence differential work requires reduced speed for the first flo- 
tation. 

Del Mar (117 P 691) says that galena floats under given conditions in a Minerals Sepa- 
ration machine at 200 r.p.m. while blende requires 600 r.p.m. under similarly favorable 
conditions. 


Heat decreases the solubility of gas in the liquids of the pulp and hence 
increases the rate at which it precipitates, all other things being equal. Hence 
heating a pulp increases intensity of gasification. It also affects gangue 
coating. 

Machines. It is an extension of the same reasoning that explains the 
fact that bubble-column and agitation-froth machines are unequally applicable 
to differential processes. Gasification is so intense in agitation machines that 
they are unsuitable for delicate differential work and can be used for the first 
frothing only in those cases where the differentiating effect due to the reagents 


is great. 


Shellshear (115 P 616) notes this and says that the agitation-froth machine may be used 
in the Bradford salt process because of the intense differentiating effect of the solution but 
that the Lyster process, with only slight differentiation effected by the chemical character 
of the solution, works best in a bubble-column machine. On the other hand, the agitation- 
froth machine may give much the better recovery of the second sulphide, which, having 
been intentionally deadened before the first flotation operation, may be difficult to raise 


in the second. 


Size of particles is of greater importance in differential flotation than in 
collective because of the fact that the first float is made with feeble flotation 
conditions, 7.¢., the buoyant effect of the gas is lessened as much as is possible, 
consistent with any flotation at all, and as a consequence any desired particle 
that is unduly heavy is likely to go into the tailing. When galena is floated 
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from blende it is frequently the finest of the galena only that floats. For this 
reason the tailing from gravity concentration is particularly suitable for lead- 
zine differential flotation since the coarse lead has already been removed and 
hence is not lost in the lead-flotation tailing. 

Pulp density is usually above normal, e.g., 25 to 50 per cent. solids during 
lead flotation and drops to 20 to 25 per cent. solids in zine flotation. Main- 
tenance of constant conditions is particularly important in the first flotation. 

Filming is of paramount importance. Within certain limits, the mineral 
or minerals that will be filmed by a given collecting agent in a given mixture 
of minerals is dependent on the quantity of agent present; 7.e., if too little 
reagent is present for filming all of the sulphide minerals in the pulp, one of the 
sulphides may be filmed in preference to the others; if, on the other hand, the 
quantity of reagent is in excess of that required to float the sulphides, gangue 
minerals will usually begin to float. Thus one method of producing differen- 
tial flotation is to add such a small quantity of filming agent that it will all be 
appropriated by one mineral. This method is known as the sTarRvATION 
METHOD. 

The same filming agents that are used in collective flotation of a given 
mineral are frequently effective in differential flotation. 

Gangue adsorption on sulphide surfaces prevents filming by collecting 
agents and thus prevents flotation. Control of gangue adsorption is the most 
important operation in differential flotation. Control is effected by the use 
of agents, mostly inorganic, of which the principal ones are lime, sodium 
carbonate, sodium cyanide, sodium hydroxide, sodium silicate, sodium sul- 
phide, copper sulphate, sulphur dioxide and zinc sulphate. The active 
phenomena are described at page 845. 
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Fig. 78.—Relative floatabilities. 


Soda ash aids in producing a high-grade lead concentrate with ‘‘starvation’’ quantities 
of oil on some lead-zine ores and shows differential effect in certain copper-iron separations 
(205 Bul. USBM 23, 638; 36 Aa 98). Sodium silicate and sodium carbonate have been 
used to aid lead flotation with coal-tar creosotes (120 P 459). Sodium sulphide is used to 
keep down blende in the presence both of galena and chalcopyrite (114 J 629) but Fahren- 
wald (4 UId 16) says that blende tends to float in preference to galena if the solution is 
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alkaline with sodium hydroxide or sodium sulphide. Kirtley says (104 J 64) that when 
more than 5 lb. per ton of sodium sulphide is used it raises iron but keeps down zinc, while 
with less than 1 lb. per ton the zinc is lifted; an excess lifts gangue to the exclusion of sul- 
phides and forms a watery froth. Sodium sulphide may be used to keep down both chalco- 
pyrite and blende in the presence of molybdenite or to keep down chalcopyrite in the 
presence of galena (/14 J 629). Gates and Jacobsen (16 UU 38) investigated the effect 
of various agents on the floatability of galena, sphalerite and pyrite. Their results are sum- 
marized in Fig. 78. See also p. 846. 

Tucker and Head (73 A 854) made an ingenious investigation of the effects of 
cyanide, zinc sulphate and lime. A summary of the results of their tests is presented in 
Table 24. The tests show that cyanide plus zine sulphate lessen the floatability of zinc 


Table 24. Effect of cyanide on floatability of lead, zine and iron sulphides. (After 
Tucker and Head) 


Reagents, 0.92 lb. Barrett No. 4, ue 
Yarmour, 0.25 lb. plus Floatability 
Test 
number 
CaO |NagCO3| NaCN | ZnSO, | CuSO, Galena basa Pyrite 
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2 TOP ae ee no See FEY 1060 feats 76 74 30 
3 Fe 0 eige| Mavemneene sera | cesta Reta literade R eal aca nea 6 56 18 
4 Bie eae [aoe a ee ee 8 36 7 
eur oeauereah BOs insane s valle oe ee 92 70 28 
(ig | hee Ce gata ZO Wises aera eel eee Pee ET CO 93 70 48 
Sth ies -As Sse NUD ct tee Soe On ORES A 2 4IC Re See 92 68 55 
Yad. Gli tease Bieter i A ba eta tee ae orn | bee 92 87 32 
1 ageell c ere etme bas epee che SQ a ase eee Peed 96 82 21 
10 M2 © EMD TAT 1 JUG BIO aTe ht. oe 93 83 8 
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and iron markedly but do not substantially affect the floatability of lead; that this depres- 
sion is not entirely due to either the cyanide or the sulphate alone; that lime depresses lead 
and hence cannot be used for insuring alkalinity, but that sodium carbonate can be used; 
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and that copper sulphate added to a pulp in which blende and pyrite have been sickened 
by cyanide and zine sulphate, permits the blende to be floated away from the pyrite. 

The most enlightening part of the work consisted in microscopic study of the surface 
effects of the solutions. Individual grains of the various sulphides, half-coated with par- 
affin, were fastened to the shaft of an agitation-froth machine and this was run for 
20 min. with a solution of zinc sulphate and sodium cyanide. The sulphide particles were 
then removed, washed free of paraffin and microphotographed. The photographs showed 
substantially complete loss of luster by the pyrite and sphalerite surfaces, while the galena 
surface was unaffected. 

This work may explain the differential action of these reagents when the gangue is one 
that does not adsorb at the sulphide surfaces under the conditions of the flotation operation, 
but it was impossible to duplicate the tests at Columbia University. On the other 
hand, the Columbia work showed that with a typical clayey slime which adsorbed heavily 
on galena, sphalerite, pyrite and chalcopyrite in the presence of pine oil and sodium car- 
bonate or bicarbonate, addition of potassium cyanide and zinc sulphate substantially pre- 
vented adsorption at the galena or chalcopyrite surfaces while adsorption on sphalerite 
and pyrite was, if anything, increased. 

Sulphur dioxide is a powerful retarder of blende flotation. It is particularly useful when 
the galena is relatively difficult to float and flotation conditions must, therefore, be intensi- 
fied, or when a galena-blende collective float is to be separated. 

Shellshear (115 P 616) points out that it is very difficult to secure differential flotation 
of a collective float. This is because a part of the differential phenomenon is selective 
prevention of filming of the sulphide minerals by collective agents. After all sulphides 
are filmed as in the case in a collective float, one of the means of differentiation has been 
removed and more of the burden is consequently placed on the others, resulting in added 
difficulties. Acid is frequently an aid to differential flotation of lead in the presence of SOs. 
On the other hand it is more usual to find that lead flotation is best effected in neutral or 
alkaline pulp with acid added for zinc flotation, if at all. 


Control. The difference in floatability between different sulphides is 
much less than the difference between sulphides as a class and the rock- 
forming minerals as a class, hence it follows that differential flotation is a 
much more delicate operation than collective flotation. Close control of 
the effective flotation factors is essential to success and regularity of opera- 
tion is important. 


List of agents for differential flotation patented in the United States prior to 


Jan. 1, 1926, 
Acacia, 1,446,376. 
Acid, 1,126,965, 1,182,890, 1,260,668, 1,269,157, 1,446,376, 1,469,042. 
Albumin, 1,499,872. 
Alkali, 956,381, 1,142,821, 1,157,176, 1,203,372, 1,203,373, 1,203,374, 1,257,990, 1,261,810, 
1,317,945, 1,446,376, 1,469,042, 1,478,697. 
Alkaline carbonate, 1,301,551. 
Alkaline salt, 1,421,585, 1,427,235. 
Alkaline sulphite, 1,486,297. 
Ammonia, 1,254,173. 
Barium chloride, 1,203,372, 1,203,374. 
Barium sulphate, 1,446,376. 
Bicarbonate, 1,203,372 (see also Sodium 
Bichromate, 1,102,738, 1,142,821, 1,257,990 Gea also Potassium ——), 
Bi-sulphites, 1,274,505. 
Bleaching powder, 1,300,516. 
Calcium chloride, 1,203,372, 1,203,373, 1,203,374. 
hydrate, 1,203,373, 1,203,374, 1,254,173. 
nitrate, 1,203,372, 1,203,373. 
sulphate, 1,203,372, 1,446,376. 
sulphite, 1,486,297. 
Carbonaceous material, 1,261,810. 
Carbonate, 1,203,372, 1,486,297. 
of an alkali, 1,486,297. 
of an alkali metal, 1,486,297. 
Charcoal, 1,261,810. 
Chloride of an alkali metal, 1,182,890, 1,203,372, 1,203,373, 1,203,374. 
alkaline earth, 1,182,890, 1,203,372, 1,203,373. 
a metal, 1,203, 372, 1,203, 374 (see also Specific metals). 
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- Chlorine, 970,002. 
Chromium salt, 1,102,738, 1,142,821 (see also Bichromate). 


Coke, 1,261,810. 

Copper, 1,301,551, 1,375,087. 
carbonate, 1,375,087. 
salts, 1,301,551. 
sulphate, 1,446,376, 1,478,697. 

Cyanide, 1,421,585, 1,427,235, 1,429,544. 

Ferric hydrate, 1,446,376. 
oxide, 1,446,376. 

Glue, 1,499,872. 

Graphite, 1,261,810. 

Gum arabic, 1,446,376. 

Halogen, 970,002. 

Hydrate of an alkali, 1,486,297. 
alkali metal, 1,486,297. 

Hydrogen sulphide, 1,233,398, 1,257,990, 1,274,505. 

Tron-ammonium alum, 1,274,505. 

Iron sulphate, 1,203,372. 

Lime, 1,478,697. ; 

Magnesium chloride, 1,203,372, 1,203,374. 
hydrate, 1,446,376. 
nitrate, 1,203,372. 
sulphate, 1,203,372. 

Manganese dioxide, 1,157,176. 
sulphate, 1,203,372. 

Mercury, 1,257,990, 1,301,551. 
amalgam, 1,257,990. 
salts, 1,257,990, 1,301,551. 

Niter cake, 1,269,157. 

Nitrates, 1,203,372 (see also Specific metals). 

Nitric acid, 1,020,353. 

Permanganate, 1,157,176 

Persulphate, 1,300,516. 

Polysulphide of an alkali, 1,469,042. 
alkaline earth, 1,469,042. 

Potassium bicarbonate, 1,203,372. 
bichromate, 1,102,738, 1,257,990, 1,375,087. 
carbonate, 1,203,372. 
chloride, 1,203,372, 1,203,374. 
cyanide, 1,427,235. 
nitrate, 1,203,372. 
permanganate, 1,157,176. 
silicate, 956,381, 1,043,850. 
sulphate, 1,203,372. 

Reducing gas, 1,274,505. 

Salt cake, 1,269,157. 

Salts, 1,446,376. 

Silver, 1,301,551. 
salts, 1,301,551. 

Soda ash, 1,478,697. 

Sodium acid sulphate, 1,269,157. 
bicarbonate, 1,203,372, 1,203,373, 1,421,585, 1,427,235. 
bichromate, 1,102,738. 
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carbonate, 1,142,821, 1,203,372, 1,203,373, 1,236,933, 1,236,934, 1,257,990, 1,375,087 


1,421,585, 1,427,235, 1,469,042, 1,478,697. 
chloride, 967,671, 1,182,890, 1,203,372, 1,203,374. 
cyanide, 1,421,585, 1,427,235. 
hydrogen sulphate, 1,375,087. 
hydroxide, 1,157,176, 1,421,585, 1,427,235, 1,478,697. 
nitrate, 967,671, 1,203,372. 
phosphate, 1,446,376. 


silicate, 956,381, 1,043,850, 1,257,990, 1,337,548, 1,446,376. 


sulphate, 1,203,372. 

sulphide, 1,233,398, 1,469,042, 1,478,697. 
sulphite, 1,274,595, 1,486,297. 
thiosulphate, 1,254,173, 1,274,505. 
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Starch, 1,499,872. 
Sulphates, 1,203,372 (see also Specific metals). 
Sulphide of an alkali, 1,469,042 (see also Sodium ——). 
alkaline earth, 1,469,042. 
Sulphites, 1,182,890, 1,274,505, 1,478,697, 1,486,297. 
Sulphur, 1,401,435. 
acids (lower), 1,182,890. 
dioxide, 1,274,505, 1,486,297. 
Sulphuric acid (see also Acid), 967,671, 1,020,353, 1,269,157, 1,274,505, 1,401,435, 1,486,297. 
Sulphurous acid, 1,274,505. : 
Tannin, 1,499,872. 
Thiosulphites, 1,182,890, 1,274,505. 
Tri-sodium phosphate, 1,446,376. 
Zinc sulphate, 1,203,372, 1,421,585, 1,427,235. 

Parsons (Bull. 617, Mines branch, Canada Dept. of Mines, 1923) gives the following sum- 
mary of flotation agents found useful for differential work at the laboratory of the Bureau. 
For floating galena in the presence of zine and iron sulphides: A mixture of coal tar and coal- 
tar creosote; cresylic acid; thiocarbanilid; steam-distilled pine oil; light hardwood-creo- 
sote oil; lime (but see Gates and Jacobsen, p. 871); sodium sulphite. For floating blende 
from iron sulphides after lead or copper sulphide has been removed; K. and K. oil No. 2, 
Southwestern Engineering Co.; Barrett No. 634 coal-tar creosote; sodium creosote from 
hardwood; thiocarbanilid and xylidin (General Engineering Co. Y-Z mixture); thiocar- 
banilid and orthotoluidin (Gen’] Engineering Co. T-T mixture); fuel oil, 34° Bé., G. W. 
Oil Co.; Barrett water-gas tar; copper sulphate; soda ash. Tor floating copper sulphides 
from zine and iron sulphides: a mixture of coal tar and coal-tar creosote; xylidin and alpha- 
naphthylamine (Gen’l Engineering Co. X-Y mixture); neutral fractions of hardwood oils; 
lime. For-floating copper sulphides from iron sulphides; Barrett No. 634; X-Y mixture; 
T-T mixture; Y-Z mixture; Thio-fizzan (Gen’l Engineering Co.); sodium resinate; paraffiin- 
base fuel oils; lime; soda ash. For floating copper-nickel sulphides from iron sulphides: 
Thio-fizzan; T-T mixture; X-Y mixture; paraffin-base fuel oil; mixtures of coal-tar and 
coal-tar creosote; soda ash. For floating molybdenite and graphite from iron sulphides: 
kerosene; lime. For frothing agents: steam-distilled pine oil; Fumol (Canadian Electro 
Products Co.); Ketone oil (Standard Chemical Co.). 


PROCESSES 


Processes of differential separation may be divided into three groups as 
follows: 

1. Processes in which the surfaces of the particles of one of the normally 
floatable minerals are permanently changed by chemical action so as to render 
the particles non-floatable. The chemical action utilized may be either pyro- 
chemical or hydro-chemical. 

2. Processes in which the surfaces of the particles of one of the normally 
floatable minerals are temporarily changed so as to render these particles 
non-floatable, but in which the deadening effect may be subsequently elimi- 
nated or overcome by suitable treatment. 

3. Processes in which the activity of one or more of the physical phenomena 
that combine to effect flotation is limited or controlled to such an extent 
that at first only the most readily floated of the floatable constituents is raised. 


Some of the patented processes do not fall easily into any of the three 
groups. 


20. Processes involving permanent change of one of the floatable minerals 


These are not properly differential-flotation processes, for the reason 
that before flotation is attempted particles of an originally floatable class 
have been permanently changed into the non-floatable class by an_ irre- 
versible chemical reaction and subsequent flotation differentiates only between 
readily-floatable and non-floatable particles rather than between two minerals 
of the readily-floatable class. 

The dry-chemical patents in this class follow. 
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Fractional roasting 


Wentworth (938,732/1909) points out that different compounds of the same base metal 
differ widely in their behavior in skin flotation, their susceptibility to oiling and their ability 
to precipitate gas from solution onto their surfaces and that these differences can be utilized 
to effect separation by flotation. He points out further the differences in the roasting tem- 
peratures of different metallic sulphides and that, if mixed sulphides are roasted at a tem- 


_ perature below the oxidizing temperature of one of them but above that of the others, the 


latter are converted into non-floatable material while the former retains its floatability. 
Tron and lead sulphides are converted into oxides and sulphates by roasting at a dullred heat, 
while zine is unaffected at this temperature, hence flotation treatment subsequent to a 
low-temperature roast of a mixture of the three sulphides results in flotation of the zine sul- 
phide away from the oxidized and non-floatable iron and lead compounds. Wentworth 
classes chalcopyrite among the easily-roasted sulphides. 

Ramage (949,002/1910) describes a process similar in general principle to Wentworth, 
but states that chalcopyrite is more resistant to oxidation than blende. He recommends 
roasting a mixture of pyrite, blende and chalcopyrite at 600° C. to decompose pyrite, float- 
ing blende and chalcopyrite as a collective concentrate, roasting this at 700° C. to decom- 
pose blende and dissolving the oxidized blende from the roasted residue with sulphuric acid. 
Elsewhere in the same patent h¢ recommends a roasting temperature of 800° C. to decom- 
pose cobaltite, niccolite and sulphides and sulpharsenides of silver, leaving chalcopyrite 
unchanged and floatable. Ralston (110 P 980) questions these statements in so far as they 
set up such relatively great refractoriness for chalcopyrite. 

Horwood (1,020,353/1912) describes slow roasting of a collective sulphide concentrate, 
é.g., galena-pyrite-blende, at say 400° to 500° C. to sulphatize the galena and oxidize the 
pyrite, and subsequent flotation of the unaffected blende. He also describes a wet chemical 
method of effecting the same result. Ina later patent (1,108,440/1914) Horwood describes 
an improvement consisting in a water wash prior to roasting in order to remove soluble salts 
and thus lessen the oxidation of zine in the roasting operation. He claimed also that the 
water wash causes silver to be deadened with the lead and that such roasted material could 
be subsequently floated at 120° F. instead of at 180° as formerly. 

Roasting is the difficult part of this process. The extent of sulphatization necessary 
depends upon the character of the ore and the fineness of grinding. Horwood (16 Aa 229) 
says that with Broxen Hiv1,slimes, 75 per cent. sulphatization is necessary while with gran- 
ular material of the same composition 25 per cent. is sufficient, and that with some ores, even 
when slimed, 10 per cent. is sufficient. Clark (89 J 460) states that in roasting a pyrite- 
galena-blende concentrate the pyrite oxidizes first at 300 to 400° C., then the galena, and that 
about three hours is required for the roast. At the Zinc Corporation (Pro. Ausir. I.M.E. 
(1913) No. 12) roaster feed assayed 39 per cent. Zn, 16 per cent. Pb and 18 oz. Ag; rough 
zine concentrate, 49.5 per cent. Zn, 6 per cent. Pb and 11 oz. Ag; lead residue, 9 per cent. Zn, 
47 per cent. Pb and 45 oz. Ag. The roaster was an Edwards duplex-type, 14  102-ft. 
with 12 panels and 48 rabbles. Feed contained 10 to 12 per cent. water. Fuel consump- 
tion was 4.8 per cent. of the ore charged. It was necessary to sulphatize about 30 per cent. 
of the lead to effect good results tm the furnace. Rain (113 P 529) says that for proper 
roasting the ore must be crushed to 80-mesh. The roast should start at a low temperature 
and be gradually raised to 500° C. and the charge rabbled freely. Only the surface of the 
particles need be sulphatized. Control is effected by determining the necessary degree of 
roasting by a flotation test, calibrating this chemically, then using chemical control. Heller 
(119 P 161) describes an elaborate trial of the process on a copper-zine ore at the Arrmr- 
THOUGHT mine on a scale of 275 to 400 tons original feed per 24 hr. The feed was ground 
wet to 48-mesh, a collective float, recovering 90 per cent. of the copper and 85 per cent. of 
the zinc, was made with stove oil and Pensacola No. 80. The best assay for the collective 
float was 30 per cent. Zn, 6 per cent. Cu, 18 per cent Fe, 10 per cent. insoluble, 6 per cent. 
alumina and 4 per cent. lime. If there was less silica, the roast was too quick; if the con- 
centrate was too low-grade, the copper residue was likewise low-grade. Roasting was done 
in a 25-ft. 9-hearth Wedge-type Skinner furnace with the five lower hearths arranged for 
rapid cooling by the removal of the brick lining and quick withdrawal of hot gases. The 
best temperature range was 920° F. maximum and 400° F. or lower on the bottom hearth. 
Slow cooling was particularly important; quick cooling killed selective action in the float. 
The zinc froth assayed 2.6 per cent Cu, 47.1 per cent. Zn, 4.2 per cent. Fe, 3.3 per cent. 
BaSOy, 4.4 per cent. CaO, 3.8 per cent. AlpO3, 3.2 per cent. SiOz; copper residue, 7.2 per 
cent. Cu, 12.3 per cent. Zn, 23.4 per cent Fe, 8.2 per cent. BaSO4, 12.7 per cent. CaO, 
10.5 per cent. AlpO3, 10.4 per cent. SiOy. There was about 8 oz. Ag per ton in each concen- 
trate.- The costs were: collective flotation, 10¢ per ton; flotation of roasted material, 15¢; 
roasting and cooling, 30¢; royalty, 50¢; total milling cost, $2.09. 

Wood (1,263,503/1918) describes the production of a collective float of molybdenite and 
pyrrhotite followed by high-temperature drying, 7.e., substantially flash roasting, to very 
slightly oxidize the iron, with subsequent flotation of the molybdenite. 
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The flotation processes described in the specifications of these various 
patents are the old-time processes of skin flotation and chemical-generation 
(see Art. 2 and 4) but the method of the patents is equally applicable to both 
agitation-froth and bubble-column processes. No extensive application of 
any of the processes has ever been made, and no practice exists at present. 

The wet-chemical processes of this class, like the dry-chemical, all depend 
on reactions with the lead and iron minerals to change the surfaces of these 
while zinc and copper sulphides are left unaffected. A distinct disadvantage 
is the fact that silver sulphides are not attacked and therefore go with the zinc. 


Ramage (967,671/1910) treated a finely-ground, un-oiled ore containing a mixture of 
lead, iron and zine sulphides with a 10 per cent. solution of sodium nitrate or sodium chloride 
and sulphuric acid at 140° F., forming a pulp containing 25 to 30 per cent. solids. As a 
result blende rose in the form of a heavy, spongy froth. Subsequently raising the tempera- 
ture to 180° F. caused iron sulphides to be raised while the lead was permanently oxidized 
or chloridized and stayed behind with the gangue. 

Wentworth (970,002 and 980,035/1910) proposes treating moist ground ore with chlorine 
(or another halogen) in order to chemically change and deaden the surfaces of some of the 
floatable minerals. He states that at blende surfaces an oily-appearing substance is formed 
which may be chloride of sulphur and which accentuates the floatability of the blende, while 
at pyrite surfaces a water-soluble compound is formed which induces wetting and sinking of 
the affected particles. Chalcopyrite is placed in the non-affected class. 

Mac Gregor (972,459/1910) has the same idea. 

Horwood (1,020,353/1912) describes digestion in nitrated sulphuric acid solution to sul- 
phatize galena and oxidize pyrite, leaving blende substantially unchanged. 

Greenway and Lowry (1,102,738/1914) describe digestion in a solution containing a salt 
of chromium, e.g., sodium or potassium bichromate, in order to render galena and iron un- 
floatable. After digestion the chromate solution is decanted and the residue floated with 
organic reagents in the usual manner. They cite the following EXAMpLEs: (1) Chalco- 
pyrite-pyrite ore crushed to 100-mesh and digested 30 min. in a hot 1 per cent. solution of 
sodium bichromate; solution decanted and the residue floated ky the agitation-froth process 
using 1 lb. of eucalyptus oil per ton of ore. Assays: Feed, 6.5 per cent. Cu and 35 per cent. 
Fe; concentrate, 19.0 per cent. Cu and 30.2. per cent. Fe; tailing, 0.7 per cent. Cu and 36.2 
per cent. Fe. (2) A galena-blende collective concentrate similarly treated. Assays: Feed 
18.6 per cent. Pb and 32.2 per cent. Zn; concentrate, 47.2 per cent. Zn and 6.3 per cent. Pb; 
tailing, 31.6 per cent. Pb and 16.3 per cent. Zn. (3) A molybdenite-pyrite ore floated with 
1 lb. of eucalyptus oil per ton at 120° F. in a 0.25 per cent. solution of sodium bichromate. 
The pulp contained 20 per cent. solids. Assays: Feed, 15 per cent. molybdenite and 25 
per cent. pyrite; concentrate, 93 per cent. molybdenite and 4.9 per cent. pyrite. 

Lavers (1,142,821/1915) describes the use of chromate in a purposely alkaline solution 
¢.g., 1 per cent. sodium carbonate, preferably at 120° to 150° F. Exampims: (1) Lead- 
zinc-iron ore treated by agitation-froth flotation in a pulp containing 20 per cent. solids at 
130° F. adding 22 lb. of sodium carbonate, 6 lb. of sodium bichromate and 0.5 Ib. each of 
eucalyptus oil and kerosene per ton of ore. Assays: Feed, 9 per cent. Pb, 28.2 per cent. Zn 
and 14.2 per cent. Fe; concentrate, 50.1 per cent. Zn, 4.25 per cent. Pb and 8.3 per cent. Fe; 
tailing not given, and probably, therefore, not worth giving. (2) A lead-zine ore, agitation- 
froth flotation, 20 per cent. solids, 130° F., 24 lb. sodium carbonate and 1 lb. eucalyptus oil 
per ton. From a feed assaying 11.6 per cent. Pb and 13.4 per cent. Zn a collective concen- 
trate assaying 22.2 per cent. Pb and 27.4 per cent. Zn was obtained. This concentrate was 
re-floated at 130° F. with 24 lb. sodium carbonate, 6 lb. sodium bichromate, 0.12 lb. eucalyp- 
tus oil and 0.75 lb. kerosene per ton of ore producing a float concentrate assaying 48.6 per 
cent. Zn and 7.5 per cent. Pb and a leady residue assaying 55.9 per cent. Pb and 8.9 per 
cent. Zn. 7 

Coghill and Anderson (7 P 283, USBM) report an extensive series of tests on 
complex lead-zinc-iron ores from Colorado mines, using slightly-acid dichromate solutions 
with oil. They found that, in the laboratory, at least, the following procedure was 
applicable to all the ores tested: (1) Crush to about 50-mesh in such a way as to produce as 
little fine lead as possible, separate —120-mesh material and table the oversize to recover 
lead, (2) Re-grind table tailing to 120-mesh and join with the original slime. (3) Float 
with coal tar, cresylic acid (or steam-distilled pine oil or xylidin) and NaeS to obtain a dif- 
ferential lead concentrate; add more of the frothing agents and make a second froth for 
tabling; finally add Cleveland Cliffs No. 2 and float the balance of the mixed sulphides and 
leave a final tailing. (4) Table the second overflow above and obtain a lead concentrate 
and tailing. Re-grind and re-float the tailing with further coal tar, cresylic acid and sodium 
sulphide; collect lead concentrate and send tailing to join the froth obtained with Cleveland 


| 
. 
. 


Art. 20. PROCESSES INVOLVING PERMANENT CHANGE 877 


_ Cliffs oil. (5) Table the Cleveland Cliffs-oil froth (together with the re -floated-middling 


underflow) and make lead concentrate and tailing. (6) Re-float this tailing with acid 
dichromate solution (1 lb. of dichromate per 4 per cent. of zine and 0.1 lb. HSOx per Ib. of 
dichromate) and a minute amount of the Cleveland Cliffs oil or No. 350 Pensacola Tar aunt 
Turpentine Co. oil; clean the froth one or more times as necessary to grade up the zine con- 
centrate, returning the middling to the dichromate rougher cell. The underflow of the 
dichromate cell is an iron-rich product. By this method they obtained results shown in 
Table 25. They found that while the acid dichromate would hold back coarse lead, it 
would not hold back fine lead and that its principal useful function was in holding down eal 
It was necessary to grind to 120-mesh to float the zinc in the presence of dichromate. 


Table 25. Results of treatment of Colorado complex ore. (After Coghill and Anderson) 


Assays 
Product 
Per cent.|Per cent.|Per cent.|Per cent. Au, Ag, 
Pb Zn Fe Cu ounces | ounces 
LDS ty ale aera tes eget anda 6.83 6.37 Se2 0.44 0.02 10.92 
Meamecoucentrate:.. a. ce oe 33.9 6.51 18.2 1.57 0.08 45.78 
Zine concentrate...:.......... 2.4 49.1 7.4 1.20 0.04 18.68 
Zine Micha oo Se ee So 14.0 13.8 0.34 0.02 11.28 
PRQUUOR oct ences ce oe 0733 0.58 0.88 0:06) 2eiae 0.68 
ME OUAIS ctr te en LD, PATE GUTOR i. Devas nt i Pets wibtl ot THeclobys 
Recoveries 
Product + 
Pb Zn Fe Cu Au Ag 
Scere eae Paaias get alsaset hOiks 20a rah ley aero ch, El lict ea catee-c pail hex Vaca Tucealliadassheoue-se|actame.c peels tere el eas 
Lead concentrate. ............ 92.00 19.00 64.88 66.34 76.18 77.70 
Zine concentrate............. 3.16 68.20 12.59 24.10 17.70 15.10 
Finetmid dling wikis hike panes 1.40 6.64 8.01 2.33 3.02 Sys 4 
Malin gas iets H toes ee tearing 3.34 6.24 | 11.65 7.62 2.60 4.22 
Totalowitechtcaoan: « .atebant 99.90 | 100.08 | 97.13 | 100.39 | 99.50 | 100.14 


Terry (1,254,173/1918) states that ammonia in solution oxidizes iron sufficiently to pre- 
vent oil coating. On the other hand it dissolves oxide from partially-oxidized lead, zinc and 
copper sulphides. He describes mixing a pulp first with ammonia, then with oil in a closed 
vessel to exclude air, then floating by the cascade method. Prior treatment of the ore ina 
ball mill with calcium hydrate and sodium thiosulphate are also recommended. Ammonia 
solution of 0.04 to 0.06 per cent. strength is required and the pulp should be digested for 
some time prior to flotation. Treating an ore containing zine, iron and copper sulphides, it 
was found necessary to remove ammonia before flotation or copper floated with zinc. On 
this ore neutral pine oil and neutralized wood-creosote oil were best, coal-tar creosote would 
not give differential action. Laboratory tests showed concentrate carrying 48 to 60 per 
cent. zinc and 2 to 15 per cent. iron from feeds carrying 4 to 25 per cent. each iren and zinc; 
recoveries, 60 to 90 per cent. The cost of the process would be high on account of the high 
price of ammonia (19 CME 319). 

Pellegrini (1,233,398/1917) proposes differential separation of mixed base-metal oxide 
ores by preferential sulphidizing and says that the process is particularly suitable for sepa- 
ration of lead vanadanate from other lead salts, particularly the molybdate. He arranges 
the lead minerals in decreasing order of rate of sulphidizing as follows: Carbonate, oxide, 
molybdate and vanadanate. Hydrogen sulphide, sodium sulphide and the like, in limited 
amounts, are recommended for sulphidizing. 

Smith (1,452,662/1923) states that in an ore containing oxidized minerals of lead, zinc 
and manganese, the lead may first be sulphidized by the usual soluble sulphides in alkaline 
solution in a thick pulp and subsequently diluted and floated and that thereafter the tailing 
should be thickened and acidified, after which zinc and manganese minerals may be sul- 


phidized. 
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21. Processes in which organic or inorganic chemicals are used to retard 
flotation of one of the normally-floatable minerals 


Under this heading are included all those processes in which some sub- 
stance, usually a salt, is added to a flotation pulp for the purpose of rendering 
one of the ordinarily-floatable minerals temporarily non-floatable. The 
action of the reagents is, usually, to affect the degree of adsorption of gangue 
at the mineral surfaces, so that the particles of one sulphide are gangue-coated 
and hence readily water-wetted just like gangue particles themselves, while 
the particles of the other sulphide present normal lustrous surfaces to the 
action of the collecting agent. 


Owen (1,157,176/1915) adds a small amount of an alkaline permanganate or a somewhat 
greater amount of manganese dioxide in a neutral or alkaline (e.g., NaOH) solution to effect 
retardation of blende in the presence of lead, silver and copper sulphides. Heating to 120° F. 
is recommended when the ore pulp reduces the manganese compound rapidly. Subsequent 
flotation with acid raises blende but acid prevents differential flotation. Eucalyptus oil is 
recommended. ‘The process is claimed to be particularly applicable to weathered material 
and weathering for a few hours is suggested as advantageous with some current mill pulps. 
Weathered BrokEN Hitz slime assaying 16 per cent. Pb, 13.5 per cent. Zn and 17 oz. Ag 
per ton was floated in a pulp containing 20 to 25 per cent. solid with 2.5 lb. potassium per- 
manganate and 0.3 Ib. eucalyptus oil per ton of ore, Concentrate assayed 60.5 per cent. Pb, 
11.8 per cent. Zn and 54 oz. Ag per ton; 15 lb. of sulphuric acid per ton of ore was then 
added to the residue and flotation continued. Concentrate assayed 43.2 per cent. Zn, 
6.2 per cent. Pb and 11.2 oz. Ag per ton; tailing, 2.0 per cent Pb, 1.6 per cent. Zn and 3.0 
oz. Ag per ton. Fahrenwald (4 UId 19) reports a test using about 0.25 lb. per ton of per- 
manganate on a Ca@ur p’ALENE ore containing organic matter and therefore difficult. With- 
out permanganate the concentrate assayed 36.6 per cent. Pb and 22 per cent. Zn and rep- 
resented 62 per cent. recovery of the lead; with permanganate the corresponding figures 
were 49.8 per cent. Pb, 14.3 per cent Zn and 65.5 per cent. recovery. Shellshear says that a 
small quantity of permanganate will keep down zine and produce a high-grade lead float. 
An excess will keep down both sulphides unless heat and acid are used, when the lead can be 
floated. The process is economically impracticable on account of the high cost of perman- 
ganate. 

Bradford (1,182,890/1916) states that with oleic acid and a temperature of 120° to 160° F. 
blende will float away from galena and pyrite in a solution, preferably weakly acid, of one or 
more chlorides of the alkaline metals or alkaline earths. The best strength of acid solution is 
between 0.1 and 0.2 per cent.; 1 per cent. solution causes galena and pyrite to float. The 
quantity of salt may vary widely, but 10 per cent. is suitable. Sodium chloride is pre- 
ferred on account of cheapness. The lower sulphur acids and their salts (sulphites and 
thiosulphates) are stated to further retard galena and pyrite. With crude ores the oil may 
sometimes be omitted. 

Shellshear (115 P 616) says that lead chloride is found in solution, but the fact that the 
lead can be subsequently floated by use of potassium permanganate or copper sulphate 
indicates that any surface change is exceedingly minute. The process yields clean zinc 
concentrate and the recovery of zinc is high. 

Lyster (1,203,374/1916) states that at normal temperatures in a neutral or alkaline 
solution of a chloride of a metal, e.g., NaCl, KCl, BaCle, CaCl, MgCly, with or with- 
out an organic frothing agent as the case may be, galena floats in preference to blende. 
Solution strengths range from 300 to 800 grains of chloride per gal. plus 1.8 to 18 grains 
Ca(OH). Two pounds of eucalpytus oil per ton of ore is stated as a suitable kind and quan- 
tity of organic agent. 

Lyster (1,203,372/1916) states that flotation at temperatures below 100° F. with, say 
2 to 5 lb. per ton of eucalyptus oil in a neutral or alkaline, but not acid, solution of a sul- 
phate, chloride or nitrate of calcium, magnesium, sodium or potassium; or a sulphate of 
manganese, zinc, or iron; or barium chloride; or a carbonate or bicarbonate of sodium or 
potassium; or any mixtures of these salts will cause galena to float in preference to zine. 
The solution strengths recommended are 160 to 800 grains per gal. In patent 1,203,373/ 
1916, the same patentee states that flotation at a temperature below 100° F. with eucalyptus 
oil or other frothing agent in alkaline solution, causes galena to rise in preference to blende. 
Examples of solution composition are: Sodium carbonate, 500 grains per gal.; sodium 
bicarbonate, 600 gr.; calcium chloride, 300 gr. with 300 gr. calcium hydrate, calcium nitrate 
300 ft. with 18 gr. calcium hydrate. He warns that with certain ores, as the calcitic ores of 
Broken Hill, excessive alkalinity retards galena flotation. Patent 1,203,375/1916, to the 
same patentee adds nothing new. 
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ee Freeman (36 Aa 95) says that Lyster’s process is workable with ores that contain blende 


| and galena with large differences in floatability, but that the differentiating action of the 


-alts is not nearly so intense as that of sulphur dioxide (Bradford) and that the latter is used 
- vrhen blende and galena are of varieties close together ‘in floatability. Ralston (110 P 980) 
soints out that these patents contemplate a minute amount of oil, excessive agitation and 
a crowded spitzkasten, all of which conditions, irrespective of the kind and quantity of salts 
_ present, would tend toward differential flotation. 

Faul and Lavers (1,257,990/1918) describe flotation of blende from galena effected by 
_adding metallic mercury, mercury amalgam or a mercury salt to the pulp. Retardation 
of galena may be aided by a bichromate in an alkaline medium (see also Pat 1,142,821). 
Exampiy. Feed containing 9 per cent. galena, 45 per cent. blende and 30 per cent. pyrite 
vas made into a pulp with potassium bichromate, 0.4 per cent. on the ore; sodium silicate, 
0.2 per cent. on the ore and 0.5 lb. per ton of cresol and floated at 140° F. in a wooden agita- 
_ tion machine containing metallic mercury. A froth concentrate was separated assaying 
4.7 per cent. Pb, 51.5 per cent. Zn and 8.6 per cent. Fe. It is stated that similar results 
ere obtained when sodium carbonate alone or sodium carbonate and hydrogen sulphide 

replaced the potassium bichromate and sodium silicate of the example. 

The results stated in this patent differ so little from those described by one of the same 
natentees in 1,142,821 (p. 876) as to lead to the suspicion that the presence of mercury had 
Little or no effect. See also Freeman, pat. 1,301,551. 

Callow (1,269,157/1918) prescribes the use of sodium acid sulphate (NaHSO,) or salt 
eake or niter cake and an acid, preferably sulphuric, to retard flotation of one of the sul- 
phides present in a complex ore. The process may be applied to crude ore or to a collective 
concentrate. Exampuie. A feed containing 14 per cent. Pb, 18 per cent. Fe and 16.5 per 
sent. Zn was ground with a small amount of an organic frothing agent. Niter cake in an 
amount equivalent to 100 lb. per ton of ore and about 2 |b. per ton of sulphuric acid were 
added in the flotation cell. The concentrate assayed 5 per cent. Pb, 45 per cent. Zn, 7 per 
cent. Fe and 3 per cent. insoluble. The residue was treated on a shaking table and yielded 
a concentrate assaying 30 per cent. Pb, 6 per cent. Zn, 25 per cent. Fe and 1 per cent. insol- 
uble and a tailing containing 3 per cent. Pb and 3 per cent. Zn. 

The quantity of niter cake used would indicate that the surface of the lead sulphide was 


_ permanently deadened by a lead sulphate film. 


Hebbard (1,261,810/1918) states that the addition to an alkaline or neutral, but not 
acid, pulp of 1 to 2 lb. per ton of powdered charcoal, graphite or like carbonaceous material 
will cause ‘certain sulphides such as galena to float in preference to certain others such as 
blende. Flotation of blende can then be effected by ordinary methods in an acid pulp. 
Exampve. Feed containing 8.2 oz. Ag per ton, 4.2 per cent. Pb and 17.3 percent. Zn was 
floated in reclaimed water (containing a minute amount of organic flotation agent) with 1.7 
lb. per ton of powdered coke. The first froth assayed 53.2 oz. Ag per ton, 58.6 per cent. 
Pb and 13.8 per cent. Zn. Tailing and recovery are not stated. 


Bradford (1,274,505/1918). In general terms this patent describes pre- 
treatment of a pulp with a reducing gas more or less soluble in the water of 
the pulp to prevent blende from floating with galena and pyrite. Bradford names 
sulphur dioxide and hydrogen sulphide as examples of such gases. Practically 
sulphur dioxide only has been useful. This gas may be externally generated 
and introduced into the pulp, or generated in the pulp by the action of acid 
on sulphites, bisulphites or thiosulphates. Blende may be subsequently 
floated by de-gassing the solution or decanting and adding sulphuric acid and 


heating. The amount of reducing agent varies, but 8 oz. to 8 lb. per ton of 


ore is suggested. 


Performance. In the United States the Bradford process was given a thorough trial 
at Mipvaue, Urax (121 P 455) treating 500 tons per 24 hr. of dump and current tailing from 
the U. §. S. R. anp M. Co. plant. Combined current and dump tailing was thickened to 
25 per cent. solids, a rough collective float made in Janney mechanical-air machines, tailing 
was sent to waste and the concentrate cleaned and re-cleaned in pneumatic cells. Clean 
concentrate was thickened to 20 per cent. solids then sent through four gasifying tanks in 
series; SO: was pumped into the first two, the other two gave sufficient storage to allow 
three-hours’ contact with the gas before flotation. The gasified pulp was floated with addi- 
tional oil as necessary in Fagergren bubble-column machines, yielding lead float and a leady 
The latter was de-gassed with heat and sulphuric acid, then treated in Fager- 


zinc tailing. K 
gren cells for zinc. Results are shown in Table 26. as 
Riddell (19 CME 823) summarizes operating conditions at Broxen Huu plants as fol- 


lows: Organic agents were not used at JunoTion Norra; SO: only in an amount equivalent 
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to 1.5 Ib. sulphur per ton of slimes was added. Pulp density in lead flotation should not 
exceed 27 per cent. solids or the grade of the lead concentrate falls off. Temperature in lead 
flotation must be kept below 90° F. or zinc floats also. Acidity must be kept below 0.03 
per cent. free acid or zinc floats; on the other hand lead does not float well in a neutral 


cee LE 1 f SO 
Table 26. Operation of Bradford process at U.S. 8S. R. and pap fey PE ae. % 


a must be regular. ,Typical 
M. Co., Midvale plant. (Aug. 7 to Sept. 8, 1920) igad COR neniT nto tas venes 


per cent. Pb; typical zinc 

Pb, Zn, Insoluble, | concentrate, 50 per cent. Zn. 
per cent. | percent. | percent. | Shellshear (115 P 614) warns 
that excess of SO will tem- 
Collective plant: porarily render all sulphides 


> 


Mill ‘feed. 1a: 8.74: Pe: gee Al a ae unfloatable, zinc, iron and 
Janney-machine feed Seat A a ad eed aoa ae lead being prevented in the 
Mill tailing......... 0.45 C5 ETS ay rs ay order named. The action 
Cleaner concentrate. ne (Me SOE pa Sey of the sulphur dioxide is un- 


Lead section: affected by the nature and 


Heedt: Ne vais larch Sov 14.2 OG Fe acl sack, gee: amount of salts in solution, 
Concentrate........ 41.8 AREER eee within reasonable limits, 7.e., 
PR thai eee vce, arc rere. 6.6 30) iNeed tues eee any likely to be met with 


Zine section: when there is no plant addi- 


Meed Aetaeeren Vex iets 7.8 SO) Art Meme pies tion. At Broxen Hix Pro- 
Concentrate........ aS 40.2 4.5 PRIETARY (1/17 P 467) 20 to 
Mailings achhc tian 2 Sao De Sub alae ea Ee 25 tons per hr. were treated 


| | in machines with special 
centrifugal pumps for agita- 
tors, discharging the aerated pulp into cylindro-conical froth-separating boxes. Pulp 
contained 23 to 26 per cent. solids, acidity was between 0.025 and 0.03 per cent., 
temperature 85 to 90° F.; 1.5 to 2 lb. sodium hyposulphite per ton of solid was added to 
the pulp before agitation and air and sulphur dioxide were admitted at the pumps. Lead 
was floated in 9 cells in series. Tailing was diluted to 20 per cent. solids, temperature raised 
to 125° F., acidity raised to 0.3 per cent. and zinc floated. Results are given in Table 27. 
See also flow-sheet of Central mine. 


Table 27. Performance of Bradford process at Broken Hill Proprietary 


Assays 
Product 

Zn, Ag, | Total Pb, | Oxidized 

per cent. ounces per cent. Pb, 
per cent. 

Reed. attespre bese yg 16.5 15.5 12.8 4.7 
Lead concentrate. ... 8 84 (Si Rh leone, 
Zine concentrate..... 50 13 5 Se ALIN lee See Mey dh 

Pein eee. AOR: 2 4.2 8 7 


Williams (1,300,516/1919) describes the addition of bleaching powder + a persulphate, 
e.g., ammonium persulphate, to retard flotation of blende. Exampis. (1) Lead-zine ore, 
25 lb. per ton each of bleaching powder and ammonium persulphate with no organic frothing 
agent. (2) Bleaching powder, 17.5 lb. per ton; eucalyptus oil, 0.25 Ib. per ton. (3) 
Bleaching powder, 7 lb. per ton; iron-ammonium alum, 10 lb. per ton; no organic frothing 
agent. (4) Bleaching powder, 17.5 lb. per ton; iron-ammonium alum, 3.5 lb. per ton; 
eucalyptus oil, 0.25 lb. per ton. The feed carried 10 to 20 per cent. Pb, 16 to 24 per cent. Zn 
and about 7 oz. Ag per ton; concentrates assayed 50 to 60 per cent. Pb, 12 to 15 per cent. Zn 
and 35 to 50 oz. Ag. The best recovery was 85 per cent. of the lead. 

Freeman (1,301,551/1919) develops a theory to explain conflicting results obtained in 
differential flotation of galena from blende in alkaline carbonate solutions. He states that 
when copper, silver, mercury or their salts or any metal or the salt of any metal electro- 
negative to copper is present in or in contact with an alkaline or acid pulp containing blende, 
the blende becomes ‘‘metallized,”’ (i.e., coated with the metal) and then floats as readily 
as galena, thereby preventing differential flotation. Hence to effect differential separation, 
exclude such metals and their salts. He further states that both oil and acid aid blende 
flotation, the latter particularly if flotation is performed in a copper vessel. He recom- 
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mends treatment in a 1 to 10 per cent. solution of alkaline carbonate, without frothing agent, 


Jin an iron or wooden vessel. Heat aids the separation. The pulp should carry 20 to 25 


per cent. solids. The best temperature is about 60° C. Freeman claims that copperizing 
will cause blende to float away from iron sulphides, if essential oil is used. Results of tests 
are given in Table 28. 


Table 28. Tests recorded in Freeman patent, No. 1,301,551 


{ { 
Assays, per cent. 
Dura- 
Test Flota- NIE ae Rough | Cleaned 
P Re- | pera- | flota- 
num- Type of ore tion meontletare on Feed concen- | concen- 
ber vessel og. area trate trate 
(a) |= 
Pb | Zn | Pb} Zn | Pb | Zn 
Py iCaleitio.......- wi b 50 4 15.0) 9.7/63.2] 8.6173.0) 6.2 
Zim | GbCtbIG eve Gee ene Cu b 50 4 VSKOP E739. 2127) Sima... 
Bini MOCONIGIC 2216.75 tae a wi b 60 5 14.4/14.6|65.8] 7.1]74.6] 4.8 
ol) FUHOGONIGIC. . <..c ts. Cu b 60 3 14.4/14.6/23.5/35.8/21.4/39.0 
Dy |Poilicious .& wy. «$s <3 wi b 59 4 12.5}10.4/60.0/10. 2). 
Gea POUICLOUS s.r as ck Cu os 59 4 12.5}10.4/33.4/29.0]. 
7 | Collective conc.(c)...| wi 6b 57 4d |27.5/31.4/62.2/11.6]. 
8 | Collective conc....... Cu b 57 4d |27.5|31.4|15.8/43.2).. 
9 | Collective cone.(e)...| Cu i] 60 5g |27.5|30.9/16.0]/42.4).. 
10 | Collective cone.(h)...} Wood i 52 3j |38.4/23.4/62.8)12.4].. 


a All tests by agitation-froth process. 6 2.5 per cent. sodium carbonate solution. 
c Made by boiling with 4 per cent. sulphuric acid solution. d Collective float first washed 
and aerated with a small quantity of sodium sulphide. e Made with acid and eucalyptus 
oil in a copper machine. Drained, soaked 30 minutes in hydrogen-sulphide water, again 
drained, agitated in water to expel H,S. f 3 per cent. sodium carbonate solution; 0.1 lb. 
eucalyptus oil per ton of ore. g Preceded by i-min. contact. hk Made as in test No. 9, 
except that a wooden vessel was used. i 3 per cent. sodium carbonate solution. j Pre- 
ceded by 2-min. contact. wi wrought-iron. 


Edser and Sulman (1,337,548/1920) state that differential separation of lead from zinc 
can be effected by a flotation operation with a soluble soap in the presence of a proper 
amount of sodium silicate. The quantity of sodium silicate is important, e.g., 5 lb. per ton of 
ore is sufficient to produce the differential effect while 3 lb. permits a collective float. The 
silicate is preferably added as a 40 per cent. solution made by adding the commercial sub- 
stance (140° Twaddell) to water. Sodium palmitate, stearate, oleate or resinate are men- 
tioned as suitable soaps. The amount varies with the ore but 4 to 5 lb. per ton is usually 
sufficient. Soft water should be used to prevent formation of insoluble soaps. EEXAmpLEs. 
(1) 500 gm. lead-zine ore freshly ground to 80-mesh; 1380 cc. soft water; sodium silicate, 
16 lb. per ton and sodium oleate, 4 lb. per ton were used to float the lead. Further soft 
water to make a total of 2200 cc. was added and a second froth taken. (2) A similar ore, 
in a 20 per cent. pulp made by adding soft water containing 0.25 per cent. commercial sodium 
silicate with sodium oleate, 5 lb. per ton of ore, was floated in a sub-aeration machine. 
(3) The same ore and other conditions as in (2) except that the solution contained 0.125 
per cent. sodium silicate. Results are given in Table 29. Comparison of tests (2) and (3) 
shows the effect of reduction in the amount of sodium silicate, the froth in test (3) being a 
collective concentrate, rather than a differential float. 

Faul and Lavers (1,375,087/1921). This patent is substantially the same as 1,257,990, 
except that the specific metal is copper instead of mercury. Operation in an alkaline pulp is 
specified and the addition of a bichromate is recommended. Exampies. (1) Feed: 
250 Ib. lead-zine sulphide ore assaying 31.5 per cent. Zn, 13.5 per cent. Fe and 7.8 per cent. 
Pb floated at 140° F. with 0.5 lb. per ton of eucalyptus oil in a solution containing 0.1 per 
cent. potassium bichromate. The flotation machine was made of wood and lined with cop- 
per. Pulp contained 20 per cent. solids. Froth concentrate assayed 50 per cent. Zn, 
7.2 per cent. Fe and 6.9 per cent. Pb and tailing, 7.3 per cent. Zn, 20.9 per cent. Fe and 8.1 
per cent. Pb. (2) A feed assaying 32 per cent. Zn, 15 per cent. Fe, and 8 per cent. Pb was 
floated at 130° F., with 0.5 lb. of cresol and 20 lb. carbonate of copper per ton of ore in a 
0.1-per cent. solution of potassium bichromate. The pulp contained 20 per cent. solids. 
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Concentrate assayed 53 per cent. Zn, 6 per cent. Fe and 4 per cent. Pb. Other experiments 
are cited in pulps containing sodium carbonate with or without sodium hydrogen sulphate 
in a copper-lined machine. 


Table 29. Results of tests with sodium oleate and sodium silicate 


Assays, per cent. Recovery, per cent. 
ial Weight, 
Materia gm. 
Pb Zn Pb Zn 
Test No. 1 
Weed ne ees Tee oS 500 19.54 rae la eReerhee Me sncamn ARON Sin 3 RSS 
Concentrate Nowl...:......- 140 51.8 16.2 74.3 13.6 
Concentrate No. 2%.) ..0 2.21 268 7.4 45.4 20.3 [2.5 
Test No. 2 
csi (Fei irden jab Pet Patotion tecketyg edited: 500 18.2 Te 2 Sof ita tagetet SO ee eee Pee 
Concentrates ns. cate cise le 147 54 .\6 55 88.2 13:6 
eMevilins Oy caters ce dca a ates cceaebers ccs 353 3.6 AA} Os: + slgaoeeeiyd tay SUA ETSS  as 
Test No. 3 
Heed re ee eee 500 18.2 B85 lee es eee 
POR ee REAR. 421 20.7 3573 95.6 88.7 
PAM Se ee ETS 79 3.4 D4 Ovy] 2 Chernov ANSIE 


The results cited in these tests are not sufficiently superior to those in 1,102,738 and 
1,142,821, presumably without copper, to warrant the claim of the present patent that 
copper is an essential factor in the differential effect. 

Dosenbach (1,377,189/1921) is for the use of deterrent agents in atomizing flotation. 
(Art. 14.) 

Palmer, Seale and Nevett (1,401,435/1921). The essence of this patent, in so far 
as it deals with differential flotation, is that the presence of elemental sulphur in the pulp, 
preferably in solution, causes one sulphide, e.g., blende, to become temporarily less sus- 
ceptible to flotation. The sulphur may be merely mechanically intermixed. The quantity 
necessary will ordinarily be less than 10 lb. per ton of ore. The quantity of oil and acid 
should be small and the temperature kept low. Several methods are stated to be available 
for getting the sulphur into solution, but one recommended is to boil powdered sulphur in a 
weak aqueous solution of sulphuric acid to which has been added a small amount of coal 
tar. 

The sulphur solution is made with oil, whenever the method is indicated, and probably 
in all cases. It is quite likely that the differential effect is largely due to the small quantity 
of oil. Tests at Columbia University indicate that in most cases the same effect is obtained 
without as with sulphur present. 

The process is said to have been used successfully at the Junction Norta Minn, Broken 
Hill, and to be cheaper than the Bradford sulphur-dioxide process, as it requires only heating 
to 120° F. to float blende after galena has been removed (36 Aa 97). 


Sheridan and Griswold (1,421,585/1922). The essence of this patent is 
flotation of galena from associated iron and/or zinc sulphides by pre-treatment 
of the pulp with a cyanide and an alkaline salt. The cyanide may be alkaline, 
alkaline-earth or metallic and the quantity will usually range from a fraction 
of a pound to 4 lb. per ton of ore. Sodium carbonate is a suitable alkaline 
salt, in quantities ranging from 1 to 10 lb. per ton of ore. Sodium bicarbonate 
may replace the carbonate. Zinc sulphate in quantity ranging from a fraction 
of a pound to 4 lb. per ton of ore may be a useful addition to keep down blende. 
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The pulp may be heated to between 120° F. and boiling during pre-treat- 
ment; the necessary time is from 2 min. to several hours, and pre-treatment 
is usually best accomplished in a thick pulp. Flotation of galena is effected 
at a temperature of about 130° F. by diluting to about 20°per cent. solids, 
adding a minute amount of frothing agent and agitating or aerating. After 
lead is floated, add 1 to 5 lb. per ton of an appropriate alkali, é.g., sodium 
hyroxide, and a frothing agent, when blende will float but iron stay down. 


Exampies. (1) In 65-mesh material, 50 per cent. solids, 1 hr. pre-treatment at 160° F. 
with 10 lb. sodium carbonate and 1 lb. sodium cyanide per ton of ore, diluted to 20 per cent. 
solids, oil added and the lead floated. (2) 65-mesh feed, 50 per cent. solids, 3-min. pre-agi- 
tation in a flotation machine with 5 lb. sodium carbonate, 2 lb. zinc sulphate and 1 lb. 
sodium cyanide per ton of ore; then diluted to 20 per cent. solids, oil added and the lead 
floated. After taking off the lead concentrate, 2 lb. of sodium hydroxide was added to the 
residue in the machine and flotation continued, yielding a zinc concentrate and a final tailing. 
Results are given in Table 30. For mill performances, see pp. 166 and 894. 


Table 30. Results of differential-flotation tests on lead-zine ore with cyanide 


Assays, per cent. 


Test 
num- Feed Lead concentrate Zine concentrate Tailing 
ber 
Pb Zn Fe Pb Zn Fe Pb Zn Fe Pb Zn Fe 
1 7.0 | 15.0 | 8.0 | 56.0 Ge Ot ZEON Bats ae cle cee 1.55 | 15.6 8.7 
2 7.2 | 14.5 | 8.9 | 55.5 | 12.9 | 2.8 | 5.54 | 53.1 |] 1.4 | 1.00 LOC! Ye a 17 | 


Table 31 shows the results of a test of Park City ore by this process. The coarsely- 
ground sample was first de-slimed, the sand was ground in a thick pulp in a pebble mill to 
the desired fineness, then the slimes together with 1.2 lb. sodium cyanide, 2.4 lb. zinc sul- 
phate, 12 lb. sodium carbonate, and (probably) about 0.4 lb. Barrett No. 4 per ton of ore 
were floated at 60° F. in a Janney laboratory machine in a pulp containing 20 per cent. 
solids. After removal of lead concentrate 2 lb. copper sulphate, 0.4 Ib. xanthate and 0.1 Ib. 
pine oil were added and zine was floated. The zinc concentrate was cleaned twice. Two 
lb. sodium sulphide and about 0.3 lb. Barrett No. 4 per ton were then added and a concen- 
trate containing iron and oxidized lead taken. In another test the ore was first ground to 
20-mesh and tabled, the tailing de-slimed, the sand ground in a pebble mill to substantially 
100-mesh, and the slimes together with 0.4 lb. sodium cyanide, 0.8 lb. zine sulphate, 8 lb. 
sodium carbonate and 0.5 lb. Barrett No. 4 per ton added and ground 10 min. longer, then 
floated at 60° F. in a 20-per cent.-solid pulp in a Janney laboratory machine to make a lead 
concentrate which was cleaned. The lead tailing was re-treated with 1 lb. copper sulphate, 
0.32 lb. T-T mixture and 0.12 lb. pine oil per ton, making a zine concentrate which was 
cleaned. The zine tailing was re-floated with 1 lb. sodium sulphide and 0.3 Ib. Barrett 
No. 4 per ton of ore to get the oxidized lead. 

The tabling test yielded by far the better lead tailing. Zinc tailing is too high in both 
tests and the reagent cost, estimated at $0.50 per ton is also high. 

The patentee’s theory is that the cyanide cleans the galena surfaces and deadens the zinc 
and iron surfaces by forming films of the respective metal cyanides and that the alkaline salts 
react with the iron cyanide to form hydrated oxides that permanently deaden the iron. 
The cyanide is most active in neutral solution, hence it may be best to defer addition of the 
alkaline salt. The caustic soda in the zinc-flotation period removes the zine cyanide and 
exposes a cleaned sulphide surface. This treatment is not always necessary. The zinc 
sulphate may help to form a more complex and less soluble film on the zinc blende or it may 
remove hydroxylion. But see p. 844. 


Sheridan and Griswold (1,427,235/1922). In this patent the same paten- 
tees describe treatment of copper-iron ores by the same methods. 


Exampyes. (1) 65-mesh feed, pre-agitation for 2 min. at 160° F. with 5 Ib. sodium bicar- 
bonate and 1 lb. potassium cyanide in a pulp containing 50 per cent. solids. Dilute, add 
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Table 31. Tests of Sheridan and Griswold process on Park City ore. (After 
Thompson and Varley) 

: Assays 

Products W sieht. 
eee eee to Age Pb, Zn, Fe, Insol., 
ounces |per cent.|per cent.|per cent.|/per cent. 
All flotation 
PEC: MABE S ROTOR SLI LOOKO. tients 18.8 251.2 4.38 22.74 
Lead concentrate............. Sede | HOR: 67.74 11.0 0.51 2.6 
Iron concentrate.............. 10H6F Uf Oeste 28.77 9.3 15.53 11.7 
Lead-iron concentrate......... 2ST OLS. eee Si 1 10.4 6.05 5.97 
Zine concentrate. ............ 31 KE AR. HO 4.18 59.2 2:53 he 
Zinc cleaner tailing...........- 5 POH LIP Tay 8.59 20.9 2.53 40.2 
Rougher tailing eo ~ gece 2 aps 51 Oe ae iE eee 2.32 5.80 4.05 59.7 
PROvAls ey arse hese ee S629) let as 18.4 25.4 4.02 24.8 
Tabling and flotation 
iced etal nate Satan Tehee 100.0 8.96 18.8 25,2 4.38 22.74 
Table lead concentrate........ 7 225 27.36 59.2 8.2 5.56 1.72 
Flotation lead concentrate. .... 12.0 36.36 68.9 10.4 0.34 1.42 
Lead-iron concentrate......... 5.96 8.06 48.8 3.2 8.77 9.66 
Total lead concentrate........ 25.21 27.10 61.2 8.08 3.84 3.46 
Zine concentrate. ......7..... 3P70 2.72 2.67 60.7 2-05 0.62 
Lead cleaner tailing........... 1:65 24.24 39.2 20.8 1.69 12.54 
Zinc cleaner tailing........... 5.43 4.96 5.92 24.2 8.61 26.62 
Rougher tatlimex. ost. eke 36.60 2.52 9.41 5.3 5.40 57.96 
Potalea £2 Sos ASL 2 99.89 9.24 17.39 24.5 | 4.22 23.8 
Distribution, per cent. of original ore content 
Pras Weight, 
BOSE per cent. 
Ag Pb Zn Fe Insoluble 
All flotation 
Feed he BE ES ey LOOHOWPIOS Ok F8 100.0 100.0 100.0 100.0 
Lead concentrate............. 1S A AAT 69.2 8.15 2136 2.04 
Iron concentrate.............. LOPES Fe OH 17.0 4.0 42.10 5.4 
Lead-iron concentrate......... 28% THIN BEN 2 86.2 12215 44.46 7.44 
Zinc concentrate............. SIS, 993, DH 7 et) 75250 19.50 1.63 
Zinc eleaner tailing........... SEA 2 Se 2.61 4.60 3.49 9.45 
Rougher tailing... 0.5 i160 oss SLi Gio te BE 4.08 7.40 32.60 81.70 
Totals scucseeis vat fon BROS 96 2905)), 4am DED 100.24 99.65 | 100.45 | 100.02 
Tabling and flotation 
bee Ene oe Ropes Oe ee ete Se 100.0 100.0 100.0 100.0 100.0 100.0 
Table lead concentrate........ WeZo) io Biss 24.2 2.42 9:55 0.52 
Flotation lead concentrate..... 12.0 47.3 47.5 5.06 0.97 0.72 
Lead-iron concentrate......... 5.96 5.3 16.8 0.78 12.40 2.42 
Total lead concentrate........ 25.21 74.1 88.5 8.26 22.92 3.66 
Zine concentrate............. 31.0 9.15 4.8 YS) 18.70 0.81 
Lead cleaner tailing.......... 1.65 4.16 3 72 1.4 0.65 0.87 
Zinc cleaner tailing........... 5.43 2.90 1.84 5.38 11.0 5.85 
Rougher tailings rac acer ierer ae 36.60 10.0 0.87 T3395 47.0 89.2 
otalisnr.. cree mene 99.89 | 101.31 99.73 99.98 | 100.27 | 100.39 
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oil and float. (2) As above except that the temperature was 150° F. and 2 lb. zine sulphate 
was added in addition to the other reagents in the pre-agitation period. -After the first 
froth, a lead concentrate, was taken, 2 lb. sodium hydroxide was added and the pulp agi- 
tated for 2 min. then more oil and a rough zine concentrate was removed, which was later 
cleaned. (3) Ore was floated without pre-treatment at 113° F. using 3 lb. sodium bicarbon- 
ate and 1 lb. cyanide. (With oil.) (4) 80-mesh feed no pre-treatment, flotation at 55° F. 
with 2 lb. sodium hydroxide, 1 lb. sodium cyanide and oil. Results are given in Table 32. 


Table 32. Results of differential-flotation tests on copper-iron ore, with cyanide 


Assays, per cent. 

Q Recov- 
g ery, 
a Feed First concentrate |Second concentrate Tailing per 
a cent. 
al Cu 

Cu | Fe | Zn} Pb| Cu | Fe | Zn | Pb | Cu! Fe! Zn | Pb | Cu] Fe | Zn! Pb 

I SeA413. 914 Ut 564 T2-6)20.. 2 Io hiceene 6.7|47 1)... ./0. 38114. 2) Tr:10.00) 91-2 
2 |1.86)15.2/7.1/12.5| 5.86] 6.6] 6.6/50.5/3.52/6.7/43.1/9.0a/0.1 |18.110.1]0.62 b 
SOeL2L2 Sic cl cbs « PAF ON BCS AT A Veet | Ve tetra Veseotenneal t+ Fat lira alee om Opa Reis UL BFA | ba Dal ac 94.7 
al (0P-7A GbR] Pee i PACE Nil SS) eS MT a Rs Ne fh ee ee COC ey Pili Bird esr he aoe 90.7 


a After cleaning. Cleaner tailing assayed 3.28 per cent. Cu, 17.6 per cent. Fe, 13.2 
per cent. Zn and 6.77 per cent. Pb. 6 In first concentrate: 85.6 per cent. of the lead and 
65.4 per cent. of copper; in zinc cleaner concentrate, 67 per cent. of the zinc. 


Stevens (1,429,544/1922) prescribes an agent for effecting differential flotation that is a 
solvent for the sulphide to be retarded but not for the.one to be floated, or, if not initially a 
differential solvent, is saturated with the sulphide to be floated but not with the one to be 
retarded. Cyanide is mentioned as a typical solvent. 

The principle that appears to underlie this patent is that solution of a substance involves 
wetting of that substance by the solution. It follows that a substance thus wetted will not 
be wetted (7.e., filmed) by an organic flotation agent, and will not, therefore, be in any way 
affected by gas introduced into or generated in the pulp and hence cannot be floated. 
Stevens’ instructions for lead-zine separation direct a procedure that is opposed to mill 


performances. 


Hellstrand (1,469,042/1923) describes the use of a sulphide or polysulphide 
of an alkali or an alkaline earth in pre-treatment of a thick pulp in order to 
prevent zinc from floating while sulphides of lead, copper and iron float. 
Later the zinc can be floated by adding more oil together with an acid or 


alkali. 


Exampues. (1) Feed: Lead-zinc-copper-iron ore ground to 65-mesh, 4 lb. commercial 
sodium sulphide (62 per cent. NagS) and 0.1 lb. oil (90 per cent. coal-tar creosote and 10 
per cent. pine oil) per ton of ore, mixed with the ore in a thick pulp. Lead concentrate 
floated in a pulp containing 25 per cent. solids upon the addition of 0.15 Jb. of the same oil 
mixture. Tailing was acidified, heated to 95° F. and re-frothed with additional oil to raise 
zinc. (2) Similar ore pulp, 7 lb. commercial sodium sulphide and 0.1 lb. coal-tar creosote 
per ton of ore in pre-treatment. Lead concentrate floated in a pulp containing 20 per cent. 
solids with addition of 0.1 lb. pine oil per ton. Further addition of 2 lb. sodium carbonate 
and 2 lb. of a mixture of coal-tar oil, coal-tar creosote and pine oil raised the zinc. Results 
are given in Table 33. 

Table 34 shows the results obtained in a test by this process treating Park City ore 
(16 UU 55). The sample was de-slimed, the sands were then ground in a pebble mill to the 
desired fineness, after which the slimes together with 10 lb. per ton of sodium sulphide, 0.4 
Ib. of thiocarbanilid and 0.5 Ib. of Barrett No. 4, were added and lead was floated in a 
Janney laboratory machine in a pulp containing 20 per cent. solids, at 60° F. The con- 
centrate was cleaned once, the tailing was re-floated after adding 0.12 lb. of T-T mixture 
(thiocarbanilid and orthotoluidin), 0.9 lb. yellow pine oil and 1.5 Ib. of copper sulphate per 
ton of ore. Pulp consistency and temperature were the same as in the first flotation. Con- 
centrate was cleaned twice. Weights and assays of all products are shown in the table. 
Table 34 shows the results of another test on the same ore in which a lead concentrate 
was made on tables prior to flotation. The procedure was the same as in the preceding 
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test except that the reagents used for lead flotation were 12 lb. sodium sulphide, 0.4 Ib. 
thiocarbanilid, 0.16 lb. Barrett No. 4 and 0.16 lb. straw-colored cresylic acid per ton of ore; 
and in zinc flotation 4 lb. of T-T mixture and 2 lb. of copper sulphate. 


Table 33. Results of differential-flotation with sodium sulphide 


Assays Recovery, per cent 
Weight, 
Material per Cu, Ag, |Insol- Fekcza- Pb; 
cent. oz. | uble, 
per | per | per per | per | per Ag Fe Zn Pb 
cent. Homulicertt cent. | cent. | cent. 
Test No. 1 
Reeds iat ss wh 100 OSES) GR? WOO ra Le 7 a 16a e202) 2 oe ao et ate terete i 
Lead concentrate. 7.1 |1.13]32.8] 8.6|19.6 | 13.1|22.30| 34.7 | 82.8) 5.8) 78.4 
Zinc concentrate..| 23.3 |0.45|16.5| 5.5| 0.4 | 60.2] 1.34| 57.4) 5.5) 86.8] 15.4 
Zine middling... . Gay A eae Ded 0:6 | 14.3] 0.76)-.5:1)' (2°40 5.97 2.5 
Tawingesc 45 os be (GVAEC)E | lee ORS: aa sick 0:25)" Of4 |" O12) 278) 1903 Tooy See 
Test No. 2 
N 
Reedegs peaer ls: OOS san: re E26 165.25) Wed Saeed. | OL eee ell eee ene 
Lead concentrate. 105 Sel o.2 34: 37.1|10.8] 30.3] 6.0/12.40] 30.3] 94.8] 4.2]95.4 
Zinc concentrate.. OH ON ars a 37.9| 3.8| 0.4] 60.0] 0.27/65.8| 2.8) 89.2) 4.4 
Zinc middling... . tc: Hie ieee ae CM NCD ol 200 [et Lad | (OcOols 9) sO 1Oyln 2 a7 ae ee 
Mating A) eos. (ay: bee: a | a es ORAS Ie, Ost | 2029). ir: 220 |) ysot|, coos aera 


Comparison of the tests shows much lower lead tailing by the combination treatment. 
The zinc tailing is too high in both cases and the consumption of reagents is excessive. 

At TimBer Butte (see p. 165) (120 J 687) 6.4 lb. of commercial sodium sulphide and 
0.21 lb. Barrett No. 4 per ton were added in the primary grinding mills and a small amount 
of frothing agent (cresylic acid, 0.05 lb.) at the lead cells. Concentrate was about 8.5 per 
cent. of the feed and assayed 53 oz. Ag, 43.5 per cent. Pb, 12.0 per cent. Zn, 13.7 per cent. 
Fe and 5.0 per cent. insol.; 1.8 lb. sodium carbonate, 0.85 lb. copper sulphate, 1.2 lb. Bar- 
rett No. 634 and 0.15 lb. steam-distilled pine oil per ton were added to the lead tailing and 
this was floated in an M. S. machine and the concentrate cleaned three times in Callow cells. 
Concentrate represented 17 per cent. of the original flotation feed and assayed 13.0 oz. Ag., 
56.1 per cent. Zn, 6.9 per cent. Pb, 2.4 per cent. Fe; 3.5 per cent. insol. Tailing assayed 
1.7 oz. Ag.; 0.7 per cent. Pb, 1.1 per cent. Zn and 2.7 per cent. Fe. On an easier ore at the 
same mine (Elm Orlu), adding 5.7 lb. sodium sulphide and 0.25 lb. Barrett No. 4 at the 
grinding mill and 0.08 lb. pine oil at the lead machine; 40 lb. sulphuric acid, 0.65 Ib. Barrett 
No. 4 and 0.80 lb. pine oil to the zinc-machine feed, with temperatures of 54° F. in the lead 
cells and 100° F. in the zine cells, the results were as shown in Table 35. 

Bragg (1,478,597/1923) describes the flotation of galena from blende in a slightly alkaline 
solution by the use of a small amount of a soluble sulphite, e.g., sodium sulphite. He rec- 
ommends lime for producing alkalinity but mentions also sodium sulphide, sodium car- 
bonate, soda ash, and caustic soda. As flotation agents he mentions thiocarbanilid with 
slightly acidulated aldol. After flotation of galena the pulp should be dewatered or other- 
wise treatel to decrease the sulphite concentration. To float zinc, add further alkali, 
e.g., sodium carbonate and copper sulphate together with more thiocarbanilid and, say 
xylidin. The quantities recommended in the lead-flotation operation are 1 lb. sulphite, 
1 lb. lime and about 0.5 lb. thiocarbanilid per ton of ore. These should be added in the 
grinding mill. In zine flotation use about 5 lb. sodium carbonate, 1 lb. copper sulphate, 
and 0.4 lb. of a mixture of 85 parts xylidin and 15 parts thiocarbanilid, per ton of ore. 

‘ Pallanch (1,486,297/1924) describes the use of an alkaline sulphite, e.g., sodium or cal- 
cium, and recommends sulphuric acid to destroy the sulphite. He also recommends simul- 
taneous addition of sulphur dioxide gas and a hydrate or carbonate of an alkali or alkaline 
metal in order to form the desired sulphite in situ. The quantities indicated are 2 Ib. cal- 
cium sulphite per ton for lead flotation and 5 Ib. per ton of sulphuric acid to destroy the sul- 
phite. The claims are specific to calcium sulphite. 
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Table 34. Tests of Hellstrand process on Park City ore. (After Thompson and Varley) 


| Assays 
Products WE des : ' 
ESO A Pb, Zn, Fe, Insol. 
ounces |per cent.|per cent.|per cent.|/per cent. 
All flotation 
DELS 8 scr ce He ree te, ab Ea LOOKO CE cae 18.8 25.2 4.38 22.74 
Head concentrates... e. PA PPA a Saas ioe suena, 60.67 7.6 7.26 Lal 
Mic concentrate. 0a). ok oo BANS OSE, scious 6.15 59.2 1.86 1.3 
Lead cleaner tailing........... Pie | etn 28.76 13.0 6.58 22.6 
Zinc cleaner tailing........... SEO! Asexreiweil che 12.58 18.9 5.06 33.8 
WVOUPNEr GAMING. <s..01< cece, Soa) suse. s a a hea get aa oe 1.91 6.1 8.44 58.7 
| OURS Bt ert EE eS OST eal. ata be: 19.8 25.1 DHE 23.6 
Tabling and flotation 
Reeder, W4. WE RA aie 0.8 100.0 8.96 18.8 25-2 4.38 22.74 
Table lead concentrate........ 6.95 31.12 64.03 Tor: sa PES lb ym tacne 
Flotation lead concentrate..... 18.45 22.40 50.92 12.9 8.19 0.96 
Total lead concentrate........ 25.40 24.80 57.47 9.5 6 FZ SRD ea 
Zine concentrate... :......... 28.50 2.96 4.06 59.3 1.10 1 upp 
Lead cleaner tailing........... } 6.34 15%. 12 B5l26 15.0 9.25 13.60 
Zinc cleaner tailing........... 5.20 4.23 4.01 29.5 4.97 32.80 
Rougher ‘tailing... \s 4... 384.80 1.12 0.35 Bid 4.21 67.40 
othls. baste wet. 2h. TRA 100.24 8.13 18.0 26.3 4.48 26.98 
Distribution, per cent. of original ore content 
Products Weight, 
per cent. 
Ag Pb Zn Fe Insoluble 
All flotation 
SCRE ea, MR. cS ALS Lt LOOMOP Fitted coheas 100.0 100.0 100.0 100.0 
Lead concentrate............. 2218) Bethe: SESH. 78.1 7.04 29.6 1.08 
Zine concentrate............. a de sce ean es 10.2 77.50 10.75 1.81 
| Lead cleaner tailing........... 24a A AS Et 3.41 6.15 2.83 2.30 
Zine cleaner tailing........... 8: Olio kak 5 422 1.27 T4936 11.70 
Rougher tailing............... BAY + | hate. AAA BEAL 8.09 49.50 83.20 
Totalstlic << duics soobusic.* 93 fio | AIMILONS 100.14 | 100.05 | 100.03 |! 100.14 
| Tabling and flotation 
ECC ait Tatts Pee racer 100.0 100.0 100.0 100.0 100.0 100.0 
Table lead concentrate........ 6.95 | 26.6 25.2 1.98 TAGE MODE As oss 
Flotation lead concentrate... . . 18.45 | 50.5 53.6 9.6 B83 401) Ae 
Total lead concentrate........ Dp eA el voc k: 78.8 11.58 Al SOL: kegs axamnee 
Zine concentrate...........-- 28.50 | 10.4 6.74 71.00 7.05 1.30 
Lead cleaner tailing..........- 6.34 4.93 12.70 3.84 13.10 3.23 
Zine cleaner tailing.........-. 5.20 2.69 1.19 6.20 ie) 6.41 
Rongher tailing Aen. ws ee. 34.80 4.78 0.68 7.74 32.60 88.00 
Totalssw 2eblgaeR sen 100.24 | 99.90 | 100.12 | 100.36 99.85 99 .00 
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Table 35. Performance of Hellstrand process at Timber Butte 


Assays Recovery, per cent. 
Weight, 

Material per Pb Zn Fe Insol- 
eon: Ag, per | per | per uble, Ag Pb Zn Fe 

oe cent. | cent.| cent. | P& 

cent. 
(Reeders fer tra tes, orc e 100 4.8 dO 1 kee 1 eter! pet). Anais). © saline ae eee 
Ag-Pb concentrate...... 4.7 |34.5 113.2 |13.5 |24.9 | 6.9 |33.7|62.0| 4.5] 65.0 
Zine concentrate....... 21. 5413.25 1.44159. 1, |.1.7 | 3.4 | 59.4 | 31.0,|,90.8.) 20.6 
SDRSRLLIT Balok der ogean tole dekaio sane 73..8|.0 45). 0. 1-1-0. OSB) «<a CRS le AO) NO Rl i T° 


Feed, 2 per cent. +65-mesh, 20 per cent. solids. 


Tucker and Edser (1,497,310/1924) describe the use of a ‘‘ product obtained by adding 
to a solution of a soap, such as sodium oleate, a solution of an alkaline sulphide or sulphy- 
drate; or by treating the solution of an alkaline sulphide with a fatty acid; or by mixing or 
combining materials or ingredients necessary to produce soluble soaps and alkaline sul- 
phides, as for example by treating an alkaline hydrate or carbonate with sulphur and adding 
a fatty acid; or by treating a solution of an alkaline sulphide containing sulphur in excess of 
the normal sulphide with a fatty acid; or by adding a soluble soap to an aqueous solution of 
sulphuretted hydrogen.’’ They cite a concentrate containing 60 per cent. Pb and 12 per 
cent. Zn made by use of such a reagent from_a feed containing 17.6 per cent. lead and 34 
percent. Zn. They claim also that the reagent is useful to float oxides and give an example 
of 88 per cent. recovery of wolframite in a concentrate assaying 16.8 per cent. WO3 from a 
feed containing 4.1 per cent. WOs. 

Price (1,499,872/1924) describes a process for differential flotation of different varieties 
of bituminous coal by the use of organic colloids, e.g., starch granulose, tannic acid, 
gelatines (glue), albumens, caramel, dextrine, etc. The effect is to retard flotation of 
all of the varieties of coal, but if the amount added is limited, the result is claimed to be to 
keep down the high-ash non-coking fusain variety, while the balance floats. Many varieties 
of starch may be used, e.g., rice, wheat, potato, maize. ‘‘Soluble starch,’ tapioca and maize 
flour are also applicable. Several varieties of glue are named; both egg and blood albu- 
men; casein in alkaline solution, animal glutin, and agar-agar. In the examples given cresol 
and kerosene were used as flotation agents. 


McArthur (1,552,936/1925) describes the use of a cyanide alone or with a 
hydroxide to effect differential separation of lead, silver and copper from zine 
and iron in a collective-flotation concentrate. The operation consists in 
thickening the collective concentrate, treating for some time, say 30 min., 
with the cyanide and hydroxide, then floating. 


Exampues. A concentrate assaying 14.8 oz. Ag, 4.6 per cent. Pb, 56.8 per cent. Zn, and 
2.3 per cent. Fe was thickened to 35 per cent. solids, agitated for 30 min. with 5 lb. per ton 
of sodium cyanide, then floated in a Callow cell. Overflow assayed 40.0 oz. Ag, 44.1 per 
cent. Pb, 26.4 per cent. Zn and 3.6 per cent. Fe; residue, 12 oz. Ag, 1 per cent. Pb, 60 per 
cent. Zn and 2.1 per cent. Fe. Similar treatment of a similar product, using 7.5 lb. per ton of 
sodium hydroxide and 2.2 lb. of sodium cyanide gave a float assaying 45 oz. Ag, 60 per cent. 
Pb, 14 per cent. Zn and 2.4 per cent. Fe and a residue containing 12 oz. Ag, 0.5 per cent. Pb, 
60 per cent, Zn and 3 per cent, Fe, 


McArthur (1,552,937/1925) describes a similar process in which a halogen 
is used with the cyanide. This method he applies both to collective concen- 
trate and to primary ore. He states that the iron may be floated with the 
lead or left in the final tailing as desired by varying the relative propor tions 
of halogen and cyanide. 


Exampues. 1500 gm. of — 10-mesh ore with 750 cc. of water, 0.8 lb. per ton of bromine 
and 0.4 lb. of sodium cyanide were ground in a ball mill until the sulphides were free and of 
flotation size, then floated with Barrett No. 4 making a silver-lead float. One lb. of copper 
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sulphate, 4 lb. sodium carbonate and 0.2 Ib. Barrett No. 634 per ton were then added and a 
zinc float made. Assays are given in Table 36, line 1. The halogen-cyanide ratio was large 


Table 36. Performances of McArthur process 


Feed Lead concentrate 
Line 
Ag, Pb, Zn, Fe, Ag, Pb, Zn, Fe, 
ounces |per cent.jper cent.|/per cent.| ounces |per cent./per cent.|per cent. 
1 5.1 5.0 10.3 7.4 30.0 40.1 14.5 11.4 
2 11.3 Lath Ona. 5.1 71.2 68.1 9.5 2.6 
3 16.2 4.0 55.5 2.2 24.4. 44.5 16.2 LIZ0 
4 bed b 5.9 56.0 1.8 27.4 55.0 18.0 2.4 
Zine concentrate Tailing 
Line 
Ag, Pb, Zn, Fe, Ag, Pb, Zn, Fe, 
ounces /per cent./per cent./per cent.| ounces |per cent.!per cent.|per cent. 
1 3.6 1.9 57.6 3.0 1.0 ORL 0.5 6.4 
2 13.4 2.8 52.0 4.6 1.4 0.1 0.7 5.6 
3 15.4 0.7 60.1 3 tC ie ee Bib roa Omen one as | each Tee. oe ea 
4 14.6 0.3 60.4 SOMA eects ete is ene eos Ghee AIPM ee a rtyisis eallgceceheye sae 


and iron came up with the lead. In a similar test using 0.4 lb. per ton of bromine, 1.0 lb. 
of sodium cyanide and 0.3 lb. of Barrett No. 4 for the first float and 1 lb. of copper sulphate, 
3 lb. sodium carbonate and 0.3 lb. Barrett No. 634 for the second, the iron was kept down. 
See line 2. A collective concentrate was thickened to 35 per cent. solids and treated 30 min. 
with 1 lb. bromine and 2 lb. sodium cyanide per ton of solids, then floated in a Callow cell. 
Assays are givenin line 3. A relatively large amount of bromine was used and iron came up 
with the lead. Ina similar test using 0.3 lb. bromine and 2.5 lb. of sodium cyanide flotation 
of iron was inhibited. See line 4. 


22. Control processes 


Nutter and Lavers (1,067,485/1913). This patent is an early attempt 
to explain and generalize the then-known physical principles underlying 
differential flotation. It states that the process depends on difference in the 
inherent floatability of minerals and that by careful control and regulation 
of the factors in a flotation operation that go to produce flotation, the net 
effect can be so adjusted as to raise the most floatable mineral while the 
others remain submerged. The patentees name the following flotation 
factors over which control is to be exercised: amount and character of 
agitation and aeration, chemical constitution of the solution employed, the 
percentage of solids in the pulp, the pulp temperature and the amount and 
nature of the organic flotation agent. 


They also noted that in a collective froth, particularly one made with a minute amount of 
organic reagent, the particles of one of the sulphides are generally much smaller than those 
of the other and they point out that such material is readily susceptible to gravity treat- 
ment. As an example of control they state that if a copper-zinc sulphide ore is floated in a 
cold neutral pulp with a minute amount of cresol or eucalyptus oil, the froth is relatively 
rich in copper, but contains some fine zinc and some yet finer gangue. By heating the 
remaining pulp, adding acid and floating, a froth relatively high in zinc is raised. The zinc 
sulphide is coarser than that in the first concentrate, but the copper sulphide is still coarser. 
By adding oleic acid the coarsest of the zinc and copper sulphide particles may be raised. 

Higgins (1,236,933/1917) makes a specific application of this idea by suggesting prepara- 
tion of flotation feed by hydraulic classification. He reasons that by treating together grains of 


890 : DIFFERENTIAL FLOTATION Sec. 12. 


minerals of different floatability that are equal-settling in water, the gravitational pull that 
resists flotation will be the same on all grains and differences in floatability will have full 
play. He states that the arrangement pyrite, galena, blende, gangue is one of decreasing 
floatability. In his experiments he used generally from 0.06 to 0.12 lb. eucalyptus oil per 
ton of ore and floated in a 0.1 to 0.3 per cent. solution of sodium carbonate. He cites a test 
on classified feed in 0.088 per cent. sodium carbonate solution. After adding 0.19 lb. euca- 
lyptus oil, he frothed in a sub-aeration machine and collected separately the froths over- 
flowing in the intervals 0 to 3 min., 4 to 8 min. and 9 to 12 min. inclusive, respectively. He 
then added 0.19 lb. more of eucalyptus oil and collected froth for six minutes. The assays 
of the products are shown in Table 37. Higgins (1,236,934/1917) develops another variant 


Table 37. Differential flotation of classified feed 


m. Assays, per cent. Recovery, per cent. 
Material Weight 
per cent. 
Zn Pb Insoluble Zn Pb 
Peediscs. i... ». Stak 100 17.35 De TRA EO io ae ecere ae  ey s hewel es 
Concentrate: 
O:tor*Simin..7; 5 7.9 68.8 2.6 2 35.6 
4 to; 8 min... 11.3 26.8 41.4 146 18 48.1 
9 to 12 min.... 20.8 46.6 4.4 2.4 55:7 9.4 
13 to 18 min.... 8.2 41.3 2.2-\ 9.6 19.5 1.8 
Residues 2.42% 4 54.7 1.6 O07 SS Bae ee ee he ee eee 


of the same idea in prescribing close sizing of the feed in preparation for differential flotation 
with the idea that the resulting difference in settling rate of the particles in water should 
affect the net effective floatability, enhancing the inherent differences in some cases, revers- 
ing them in others. Sizing should be as close as possible; between 80- and 100-mesh, 100- 
and 120-, and 120- and 150-mesh are recommended. 

Examp es. (1) A lead-zine ore sized between 120- and 150-mesh was floated in a solu- 
tion containing 0.11 per cent. dry sodium carbonate. Froths were collected for four sep- 
arate intervals following oil additions as shown in Table 38. Assay results are given in the 


Table 38. Differential flotation of sized feed 


Dura- Oil added Assay, per cent. Recovery 
tion per cent. 
ot Weight, 
Material froth- per 
ing, Pounds] cent. Tasos 
min- Kind per Zn Pb Zn | Pb 
uble 
utes ton 
COC ate teans taceanict asrncreau| cusuaushs. ty soustemaranctereaale ee tholl one cations LOO. WE Sor. Ole eager ore Saran 
Concentrate No. 1 4 Eucalyptus...| 0.17 4.5 142.3 | 624°] 4.8 117.0) 214 
Concentrate No. 2.. 4 Eucalyptus...| 0.17 9.5 |44.8 | 2.6 | 0.5 |37.8) 2.1 
Concentrate No. 3.. 8 Eucalyptus...| 0.34 BF 42 Oot) 9 4.4 60125. Slt 
Concentrate No. 4 3.5 | Texas oil and 
wood-tar oil | 0.19 15°2 6.2 |67.4 | 2.2 | 8.3/86.8 
Maney ao. POOLS. Sst. a0. SMa ier 58.4 2002 |O}6 Ee at aR 


same table. A sub-aeration machine is recommended for the bubble-cclumn action as 
distinguished from the permanent and stable bubble attachment in the agitation-froth 
machine. 

These experiments are interesting but impracticable, on account of the impossibility 
of accurate commercial sizing and classification at these fine sizes. 

Hebbard and Harvey (1,260,668/1918) describe another variant on the theme of Nutter 
and Lavers. They point out that flotation with a limited amount of an emulsifying agent 
(meaning an organic frothing agent) and a limited amount of acid will float galena in the 
presence of blende and that the addition of more of the frothing agent and further agitation 
and aeration will raise the blende. They state that if water reclaimed from a previous flo- 
tation operation (containing, therefore, dissolved frothing agents) is used, no organic agent 
need be added in the first frothing. Using such reclaimed water and 22 Ib. of acid per ton 
of solid they obtained on the first of a string of 12 flotation cells a concentrate assaying 66 
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per cent. Pb and 9.8 per cent. Zn from a feed containing 19 per cent. Pb and 21 per cent. Zn. 
The combined concentrate from the 12 boxes assayed 50.5 per cent. Pb and 21.2 per cent. Zn. 

Schwarz (1,317,945/1919) states that a phenol plus a small amount of a resin soap used 
in neutral or alkaline pulp will float galena and molybdenite away from blende. He says 
that the separation is better in a pneumatic cell; the zinc also tends to float in an agitation 
machine. Resin soap may be made by boiling together two parts of resin, one of caustic 
soda and 97 parts water, until the resin goes into solution. After the lead and molybdenum 


. have floated, the zine may be raised by adding further soap and acid. Quantities men- 


tioned are 2 lb. carbolic acid and 0.5 lb. per ton of the soap for the lead float and 10 lb. addi- 
tional soap and 5 to 10 Ib. per ton of acid for the zinc. Pulp consistency should be 16 to 25 
per cent. solids. 

Borcherdt (1,445,989/1923) sets up the theory that colloidal matter in the ore itself 
inhibits flotation and that the inhibitory action has a differential incidence on different 
minerals. He directs step-removal of the colloidal material to permit successive removal of 
different sulphides. In treating a lead-iron-zinc ore the direction is to add first about 0.5 lb. 
per ton of rosin soap and float, which will remove some of the inhibitory colloidal material; 
then add, e.g., wood-creosote oil and float galena; float off further colloid after addition of 
0.25 lb. per ton more of rosin soap; next add a small amount of pine oil and crude petroleum 
in emulsion and float blende; add another 0.25 lb. of rosin soap and float off more colloid 
and finally some more of pine oil-petroleum emulsion and about 0.5 lb. per ton of sulphuric 
acid in-order to raise pyrite. 

This is very close to Schwarz (1,317,945) differing, apparently, only in that the so-called 
colloid froth is collected separately. 

Borcherdt 1,446,376/1923) enlarges on the theoretical matter of the previous patent 
and describes a variation in operation involving first complete removal of the ore colloid 
and later partial return of the same or addition of other colloids in order to utilize, under 
control, the inhibitory effect. He states that the ore colloids are derived from clay, shale 
and chert. Other colloids that may be used are: sodium silicate, acacia, and colloidal pre- 
cipitates of barium or calcium sulphate, ferric oxide or hydrate, and magnesium hydrate. 
The guiding principle to be followed in the choice of a colloidal inhibitory agent is that 
colloids adsorb on surfaces of opposite polarity and hence a colloid of opposite sign to that 
of the mineral to be inhibited should be chosen. Tor dispersing the ore colloids prior to 
removal, sodium silicate, alkaline or acid agents, salts, foundry molasses, tri-sodium phos- 
phate and gum arabic are mentioned. If colloid is to be removed by flotation, soaps (espe- 
cially rosin soaps), oils having a high pitch content and ordinary flotation oils in excess are 
recommended and preliminary emulsification of those agents is said to be desirable. Emul- 
sified creosote oil may be used for a differential galena float; pine, crude oil and copper sul- 
phate to float zinc after removal of the inhibiting colloid. An illustrative flow-sheet shows 
‘‘de-colloiding’’ followed by rough flotation, return of part of the colloid to the froth con- 
centrate and differential flotation. In (1,454,838/1923) the same patentee describes step 
removal of colloids to effect differential separation, e.7.,a small amount of sodium silicate 
is added, the pulp thickened by decantation of part of the slime, the thick product is diluted 
and the lead floated with creosote oil; more silicate is added to the tailing, more slime 
decanted, the thick pulp is diluted with fresh water and zinc floated with petroleum and pine 
oil and copper sulphate. 


23. Miscellaneous processes 


The following patents are not to be grouped with any of the foregoing 
nor do they form in themselves a rational group: 


Haultain (1,226,330/1917) and Sundberg (1,326,545/1919) depend upon complicated 
schemes for re-treatment of flotation concentrates in order to utilize the difference in float- 
ability, under given conditions, that is inherent in minerals. Thus, galena being more 
easily floated than blende under given conditions, the first concentrate of the primary 
machine will contain a higher proportion of lead to zinc than was present in the original feed. 
By re-treating this concentrate under similar conditions a further increase in the lead-zince 
ratio will be effected. The increase in the lead-zinc ratio is set forth by Sundberg as being 
of the nature of a geometrical progression, hence a small number of re-treatments is expected 
to produce large differentiation. Actually the ratio does not increase rapidly and there is a 
large amount of middling formed that cannot be graded up practically and must be joined 
with concentrate or tailing, thus ruining results. 

Peck (1,420,138 and 1,420,139/1922) describes an impracticable extension of the principle 
set up in Higgins (1,236,934). He proposes to mount a couple of pneumatic cells in a ver- 
tical-spindle centrifugal machine, placing the canvas “ bottoms’’ parallel to the spindle, and 
by controlling the centrifugal force, increasing the difference in the resistance offered by 
heavy and light sulphide particles to gas-bubble buoying. He would thus float blende from 


galena, 
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Lockwood and Samuel (956,381/1910) claim that preliminary agitation of a ground 
ore in a solution of a substance such as caustic alkali or sodium or potassium silicate results 
in cracking apart attached sulphides such as blende and galena, thus freeing them for sep- 
aration by any means, e.g., table concentration. 

Lockwood (1,043,850/1912) claims that the silicate of an alkali metal in a pulp being oiled 
with the magnetic paint of the Murex process (see Sec. 13, Art. 18) will cause differential 
oiling of sulphides, or oiling of oxides or carbonates in preference to gangue or oiling of gangue 
in preference to sulphide. Differences in the amount of silicate and in the oils used for the 
paint produce the differences in behavior. The patent gives several examples. Any dif- 
ferential oiling that occurs here is a result of differential gangue adsorption. 

Emerson (1,126,965/1915) describes treatment of a table concentrate containing blende 
and other sulphides by immersion in a 10-per cent. acid bath, which is said to result in prefer- 
ential agglomeration of the blende by gas bubbles. The agglomerates are buoyant enough to 
rise slightly above the settled mass and are to be skimmed away by a submerged bucket 
conveyor. S 

Bacon (1,312,668/1919) describes selective separation of the oxidized minerals of iron, 
copper, lead and zinc by differentiai sulphidization. See p. 897. 

Thornhill (1,338,264/1920) points out that in ordinary flotation concentration, using 
certain oils such as coal oil (kerosene), certain minerals, notably molybdenite, flocculate 
more completely than others, e.g., iron or copper pyrite, and that by screening the flotation 
concentrate the molybdenite floccules will remain on the screen. 


24. Mill performances of differential flotation 


Lead-zinc ores 


Zinc CORPORATION, Broken Hill. Feed: Zinc middling assaying 9.2 per cent. Zn, 14.3 
per cent. Pb and 2.6 oz. Ag perton. Treated in a pulp containing 33 per cent. solid in a 10- 
compartment 24-in. Hebbard (sub-aeration) machine with spindles running at 700 r.p.m. 
Oil: 0.2 lb. per ton of 1-to-1 mixture of eucalyptus oil and tar. Lead concentrate removed 
from all boxes. _Tailing, with 0.3 lb. of eucalyptus oil and 0.6 lb. copper sulphate per 
ton of solid, sent to a 14-compartment machine. Rough zine concentrate assayed 39 per 
cent. Zn and was cleaned to 42-43 per cent. Zn. MRougher tailing, 2 per cent. Zn, 0.5 per 
cent. Pb and 0.5 oz. Ag per ton. Recoveries: 85 per cent. Pb, 68.2 per cent. Ag, 50 per 
cent. Zn. 

Broxen Hitt Sours (28 MM 9). Current slime was treated in nine 3.5 X 7-ft. circular 
under-driven sub-aeration machines with 18-in. disk impellers, in series. Capacity, 9 tons 
solid per hr.; 200 kw. for the whole plant. Each impeller drew in 2200 cu. ft. of air per hr. 
The best pulp consistency was 45 per cent. solids. Oil, 0.05 lb. eucalyptus per ton. Lead 
concentrate assayed 61 per cent. Pb, 47 oz. Ag and 8.4 per cent. Zn; tailing, 2.5 per cent. 
Pb, 1.5 oz. Ag and 13.9 per cent. Zn; recovery of lead, 80 per cent., silver 84 per cent. 
Flotation of the tailing for blende has been discontinued and this material is being 
impounded. Over 99 per cent. of the float galena passed a 0.063-mm. screen. The silver 
was apparently in an easily floated mineral free from the lead and zine at this size. The 
circuit water contained 370 grains of dissolved salts per gallon. Detailed costs are given 
in Table 39. Crnrrau Mine, Broken Hill (118 P 149). Dump slime and current leady 


Table 39. Cost of differential flotation at Broken Hill South (1922) 


Item Labor | Supplies} Power Total 
Superintendence......... $0: .OLG Fer fec'|fSPOE $0.016 
Flotation RT re ee Son en 0.308 | $0.226 | $1.074 1.608 
Tailing disposal......... 0.128 0.040 0.046 0.214 
SCA CLOU aocien-w faut cueghoyo a 0.082 0.130 0.016 0.228 
Concentrate handling. ... OnO24ul weiladomalisan eee 0.024 
Sundryin, ceacrtetactin deen 0.036 0.118 0.036 0.190 

ThOtahe noo. Wel arate $0.594 | $0.514 | $1.172 | $2.280 


tailing from the gravity plant were treated in 10-compartment sub-aeration machines. 
Galena float was taken off in the first three boxes; acid but no oil was added; the water 
however, was reclaimed from zinc-flotation products and therefore contained oil. Bloade 
was floated from the tailing of the lead machines on addition of acid and eucalyptus oil and 
heating to 130° F. Results are given in Table 40. The lead concentrate was much finer 
than the zinc as is shown in Table 41. Also the coarser sizes were higher in zinc in both 
concentrates. C@ur b’ALENE, 1918 practice (105 J 741). Ziegler states that ‘‘starva- 
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Table 40. Metallurgical results of differential flotation at Central Mine 


Assays Recovery, per cent. 
Product = 

Ag, oz. Pb, Zn, 

per ton |per cent.|per cent. ae od Zi 
Feed, dump slime............. 15.6 17 OT Lesa repe Picts Rea aT Sees cA lb elie ga 
Lead concentrate............. OSS 49.9 21.4 35.5 30.1 11.6 
Zine comeentrate. > oo. 2. ce oo. T7295) 15.2 41.7 33.9 26.9 65.9 
CED ET ies tac ate ie dialectal sahara mc 5.9 8.6 Ch es eo ee a eee eee 
CEC ICUITONG ns riers cn crciate scl ere eect 4.2 DSU tne ey a Nee eee | ea ee 
HoeRG CON COMUTACC a5 2. wre sguaeur «ne. lees cee SLOSS aan seb rc | ators ce | Oar see ae eal Pe Dana 
BPaAtiingpirotn leads Gels. ccs scene fe 03 oe 3) > 3.0 LARS IPR ook eee cate eee oe eee ee 
NMC SCONCOULTALE siyrs.s tiene caves leet elie 6.0 AT oe Seda he PIC TRPTE Li yaar ses slisy chy Seem 
cia PIERRE Atop ale lenin en apraeaminetan laee ARE  ea 1.0 PAS Leen Dn Crom eee ol eee eee 


Table 41. Sizing-assay tests of lead and zinc concentrates from differential flotation 
at Central Mine 


Zine concentrate Lead concentrate 
Screen, Assays Assays 
I.M.M. 
mesh Weight, Weight 
per cent. Ag, Pb, Zn, |per cent. Ag, Pb, Zn, 
ounces |per cent.|per cent. ounces |per cent.|per cent. 
On 40 6.7 8.8 3.0 5022 Site ees ee Shiba be eae Ester, gh chee 
60 22.0 11.4 4.2 BSeE Woes oS ORS. THe SU orate pbhadnmon deen 
80 20.0 11.4 4.5 476 Gr, Sh eh nage Soslal, eeertalianrna: ee 
100 11.6 12.0 5.0 46.6 hae. Pere: | arety. Reales PCr cit cprietent 
120 4.2 11,2 3.8 47.0 RD) IE ek. ee 48.8 16.6 
150 6.2 11-2 3.5 47.2 Die a ee 61.4 12.4 
200 5.0 11.8 4.7 47.4 3.6 63.4 61.0 12.2 
Through 200} 24.2 14.2 6.0 45.4 94.0 56.6 60.4 13.6 
Totals....| 100.0 12:2 4.6 47 .3 100.0 59.1 60.0 isas 


tion’’ quantities of pine oil or wood creosote were the usual reagents for lead flotation. 
Also, that a light coal-tar distillate made soluble in strong caustic soda solution floated lead 
almost entirely free from zinc. A small amount of pine oil dissolved in a large amount of 
wood alcohol also raised lead, but with it considerable fine blende. Sodium chloride or 
sodium carbonate aided in galena flotation at times, but the action was erratic. Additions 
of copper sulphate and pine oil were made to raise zinc. At the tailing plant at WaLLace 
(106 J 528) a feed sizing 10 per cent. on 48-mesh and 60 per cent. through 200-mesh was 
treated in a pulp containing 13.3 per cent. solids in a K. and K. machine with about 0.5 lb. 
per ton of pine oil. The bubble column was carried 14 in. deep and the top 3 in. scraped as lead 
concentrate, which was tabled, yielding a lead streak assaying 70 to 75 per cent. Pb and 3 per 
cent. Zn; middling 40 per cent. Zn and 10 per cent. Pb and slime, 30 per cent. Pb and 10 per 
cent. Zn. Tailing of the first machine was treated in a second of the same type with 0.5 lb. each 
of Pensacola Tar and Turpentine Co. No. 350 (wood creosote) and coal-tar oil. The con- 
centrate was tabled yielding a lead streak assaying 60 per cent. Pb and 3 per cent. Zn anda 
zinc residue carrying 35 per cent. Znand 12 percent. Pb. Parker (114 J 629) describes the use 
of sodium sulphide at Bunker Hiti anp Suriivan. It was added at the ball mill in order 
to get about 15 min. contact with the ore before lead flotation was attempted. Oil was 
added at the flotation cell. Galena concentrate was cleaned with the addition of more 
sulphide. The best results in zinc flotation were obtained by grinding lead-section tailing 
with oil. Stocan, B. C. (114 J 679). Early practice at the Surprise mill was to float 
lead in neutral pulp with 0.1 lb. cresylic acid per ton in a Hebbard machine, then add 5 lb. 
of water-gas tar and 0.6 lb. per ton of Cleveland Cliffs hardwood creosote and float zinc in an 
M.S. machine. The original feed assayed 1.5 to 2.5 per cent. Pb, 10 to 15 per cent. Zn and 
25 to 30 oz. Ag per ton; lead concentrate, 40 to 45 per cent. Pb, 25 to 30 per cent. Zn and 
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200 to 300 oz. Ag, but the recovery was low and the operation delicate. Tailing from the 
M. S. machine assayed 6 oz. Ag, 5 per cent. Zn and a trace of lead. MRe-treatment of tailing 
in a Hynes machine with 0.3 Ib. water-gas tar, 0.02 lb. of Pensacola No. 350 pine oil yielded 
a concentrate assaying 10 per cent. Zn, which was returned to the M. S. machine, and a 
tailing containing 2 oz. Ag and 1.7 per cent. Zn was made. Later, at the RoseBrRRy mill 
in the same district, the same procedure was used for lead, but lead-machine tailing, sizing 
60 to 75 per cent. through 150-mesh, was thickened to 30 to 35 per cent. solid and sent 
through four Hynes machines in series, the first three making concentrate assaying 40 to 
45 per cent. Zn and 45 to 95 oz. Ag and the last a middling containing 10 to 12 per cent. Zn. 
Tailing assayed 0.6 to 3.0 per cent. Zn and 0.5 to 3.7 oz. Ag, depending on the ore. The oils 
were water-gas tar and Cleveland Cliffs hardwood creosote ranging from 0.75 to 1.65 and 
0.21 to 0.55 lb. per ton of each respectively. Conso~ipaTtep Mining anp Smextine Co, 
or CanabDa (Bull. 617, Canada Dep’t of Mines, Mines Branch, 1923). Ore from the Sullivan 
mine of this company was ground to pass 65-mesh in a ball mill. A mixture of coal tar and 
coal-tar creosote together with 5 Ib. per ton of soda ash was fed to the ball mill. A little 
cresylic acid and 0.1 lb. sodium cyanide per ton were added at the head of the lead cells. 
Tailing from lead flotation was sent to a mixer and Barrett No. 634, T-T mixture and 1 lb. 
per ton of copper sulphate were added and the pulp was sent to the zinc cells. Results 
are shown in Table 42. (For performance at the KimBeriey mill of this company see 


Table 42. Laboratory test on Sullivan ore of Consolidated Mining and Smelting Co. 


of Canada 
Reeava Recovery, 
per cent. 
Insol- 
Pb, Zn, Cu, 
per per per Au, Ag, uble, Pb Zn 
ha pie cent, | Cunce | ounces per 
cent 
Needirests cae Seay 1.96 DOA y fia ome tet 0.02 Jee fol Me eee eS eee Pees 8 
Lead concentrate....| 51.09 4.17 2.60 O30" 1 G6. 20S LG ts 80m Tees aed 
Zine concentrate..... LOO 4G 39 ai kee Se li Beene cs ehalcs chat ealee cee re ae ee ae 94.8 
Pailin grrIrs - Pes 2 0.15 OES PRR hare SR IAN Nate | Relea ie Se NBA Nege  e ” 


p. 166.) In the zinc mill at Anaconda the feed contains 10 to i1 per cent. Zn, 2.25 per cent 
Pb and considerable pyrite. It is floated in agitation-froth and pneumatic machines with 
2.5 lb. CaO per ton and about 0.6 lb. of T-T mixture to make a collective concentrate of 
lead and zine and drop iron. Concentrate assays 48-49 per cent. Zn, 9-10 per cent. Pb 
4 per cent. FeO and 4 per cent. insol.; tailing 0.7 per cent. Zn. The concentrate is thick- 
ened to 65 per cent. solids, agitated in M. S. beater boxes for 15 min. at 50 per cent. solids 
and 140° F. with about 2 1b. per ton of a mixture of potassium cyanide and zinc sulphate 
(in theoretical combining proportions), then discharged into Callow cells, with a small 
amount of additional frothing agent. The overflow is cleaned once in a pneumatic cell: 
final overflow assays 72 to 75 per cent. Pb, 5 to 7 per cent. Zn and 0.5 per cent. insol., repres 
senting 50 to 55 per cent. recovery of lead. Tailing from the rougher and cleaner machines 
combined assays 53 per cent. Zn, 4 to 5.5 per cent. Pb, 4 per cent. FeO and 4.5 to 5 per cent 
insol., making about 92 per cent. recovery of zinc. 5 


At Uran Apex thiocarbanilid (dry), 0.06 Ib. per ton; soda ash, 2 to 4 lb.; 
xanthate, 0.10 lb.; cyanide, 0.10 lb.; and zinc sulphate, 0.30 Ib. are fed to 
the ball mills; pine oil, 0.05 lb., to a centrifugal pump ahead of the pneumatic 
flotation cells, and lead is floated. Alkalinity is maintained constant by half- 
hourly titrations and pulp density by hourly determinations. The tailing 
of the lead cells is pumped to a contact tank together with soda ash, 1 to 2 Ib.: 
copper sulphate, 1.5 lb.; T and T, 0.10; cyanide, 0.10; zinc sulphate, 0.20: 
pine oil, 0.40 Ib. per ton. From the contact tank the pulp passes to a pneu- 
matic rougher, the early froth to a cleaner, the later froth and the cleaner 
tailing back to the head of the rougher. Zinc is floated and iron depressed 
For flotation results see Table 17. 


For performance at SunNysipr Mining anp Mixuina Co. see p. 180; at T 
see p. 165 and Table 35. ; ; sabes Oks 
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Copper-iron ores 


At Rossianp, B. C., a pyrrhotite-chalcopyrite-gold concentrate from coarse jigs was 
ground and floated to drop pyrrhotite. (115 J 568.) Mill operation yielded a concentrate 
assaying 0.91 oz. Au, 4.66 per cent. Cu and 28.5 per cent. Fe as sulphide when treating 
Wilfley-table tailing carrying 0.074 oz. Ag, 0.30 per cent. Cu and 6.3 percent. Fe. Tailing 
assayed 0.043 oz. Au, 0.10 per cent. Cu and 5.2 per cent. Fe. The pulp was ground to 5 
per cent. +60-mesh and 86 per cent. —120-mesh; it carried 20 per cent. solids. The 
Burwav or Mines reports some differential effect on chalcopyrite, pyrrhotite and pyrite 
with soda ash and sodium hydroxide in the presence of coal tar and creosote. (Bul. 205 
USBM 58.) On an oxidized feed carrying 0.04 oz. Au and 0.35 per cent. Cu a concentrate 
carrying 0.34 oz. Au and 8.03 per cent. Cu and tailing, 0.01 oz. Au and 0.13 per cent. Cu were 
made. At Cra. pp Copre Macisrrar-Amegca (116 J 1106) an ore containing chalcopyrite, 
bornite, chalcocite and pyrite in a quartz gangue was treated ina K. and K. machine with an 
oil mixture consisting of a solution of 0.3 lb. heavy Mexican asphalt-base fuel oil in 0.1 Ib. 
per ton of gasoline for the differential effect and 0.1 lb. per ton of steam-distilled pine oil 
for frothing. Daily recoveries were 93 to 95 per cent. in a concentrate assaying 26 to 28 
per cent. Cu. Coghill (TP 182 USBM) reports tests on chalcopyrite-pyrrhotite ores of 
Oregon, using starvation quantities (0.1 lb. per ton) of Flotco No. 1 (Flotation Oil and Chem- 
ical Co., N. Y.). The feed assayed 1.3 to 3.2 per cent. Cu, tailing 0.12 to 0.90 per cent. and 
cleaner concentrate 25 to 30 per cent. The ore contained about $2 per ton in gold in 
metallic state which was freed by crushing and was not recovered in the froth. The tests 
indicated that the pulp should not be ground in the presence of ‘‘insoluble”’ oil, nor in a disk 
pulverizer and that iron in the pulp from grinding machines was probably harmful. An 
anonymous writer (1/6 P 167) describes flotation of chalcopyrite from pyrite and pyrrho- 
tite using a salt solution of substantially the composition of sea water and no oil and also 
with sea water alone. With the latter, from a feed assaying 1.75 per cent. Cu, concentrate 
was made assaying 21.6 per cent. Cu and tailing assaying 0.09 per cent. Cu. Middling 
contained 0.71 per cent. Cu but was small in bulk and could be expected to disappear in cir- 
culation. Tests on other ores indicated that cranky operation was to be expected. At 
Moctrezuma Copper Co. (118 J 445) 90 per cent. of the pyritic iron is rejected and a chalco- 
pyrite concentrate made assaying 28 per cent. Cu, 29 per cent. Fe and 8 per cent. insoluble. 
The sulphide content is practically pure chalcopyrite. The feed is ground to 12 per cent. on 
48-mesh, 52 per cent. through 200-mesh and is floated in Callow cells. The tailing assays 
0.31 per cent. Cu. Concentrate is cleaned three times. The lower rougher cells are 
run counter-current. Originally the oil mixture consisted of gas-works coal tar and 
steam-distilled pine oil and it was found that the best quantity was the minimum pos- 
sible, viz.: 0.35 1b. perton. Later T-T mixture (20 per cent. thiocarbanilid and 80 per cent. 
orthotoluidin) with lime and pine oil were found to give the best results. Lime is added at 
the ball mills, the other reagents to classifier overflow. Consumption is 0.28 lb. per ton of 
T-T mixture, 0.14 lb. per ton of pine oil, and 5 to 6 lb: of lime, the latter sufficient to show 
0.15 to 0.35 Ib. of CaO content per ton of tailing water. Lower alkalinity causes higher 
tailing loss; higher makes froth hard to clean. See p. 102 for work at PHrtes DopeGE 
Morenci branch. At Cananwa (121 J 597) a high-iron chalcopyrite-pyrite ore with small 
amounts of chalcocite, bornite, sphalerite and galena in a quartz-feldspar gangue is floated 
differentially, using lime to depress the iron. Present results compared to those using grav- 
ity concentration and collective flotation follows: 


Item Last Half 1923 First Half 1925 

Cost per ton (concentrating.............. $0.83 $0.90 
AVALIOTOLICONCEMUTAUION: . os. e ss we seme s 2.019 10.18 
Recovery Cub ERAS ia Ml nd ddsd RCo ATE 87.40 91.17 
HRGCOMELY, vA Diicera ry asec aa ht S}4 aerate ek uae 88.21 90.18 
Recover Awisuuxo. BALATRG2S 2P Baws 95.80 88 . 82 
Assays,{per cenit. arf .nbassmiiae . ue. - Cu Fe Insol. Cu Fe ‘| Insol. 

HCC CMOELS Ruse OR BNE eon hare sem, erenan? 1.95 UG odseskroe sss 6e3 Ly 9dewhikd . Ts | rps eto. 

COMER BUC ea eats ge aah cio Shs ccs hess py ee 4.3 36.0 15.20 {17.69 | 30.2 7.3 

ER Eapi voit Ree aes Ue aia 0.297 O SZ baleen sie 4 (Seed 276 Mallat EG ee ea ose 
Power consumed, kw.-hr. per ton......... 15.8 18.20 
Coal tar, pounds Per ton. cccrehecaud > dey sud 50's hi 24S aiid 20 ulous hese Bes. 
HEE OM, POURS DCT COD ooo s cise leone Policia fk Weel Sho ates Pell isaces eT pee talaene. Me 
Pine oil, pounds per ton.. ees tans oat 0.608 0.227 
Xanthate (Z-3), pounds per ton. EEE ct AASS pede TAPCEA RET SILER, oe 0.090 
Mimes pounds per toner faye Tle bel OOS tI Gl. kA 11.18 
Moisture in concentrate...........++-5.- ll.4a 9.1 


a Average of. ‘gravity concentrate at 7.76 per cent. and flotation concentrate at 18.67 
per cent. 
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Results with T-T mixture were the same as with xanthate. An enormous economy in 
smelting charge per pound of copper results from the change. The mill water comes from 
the mine and contains large quantities of iron salts; it is added to the tailing thickeners and 
there neutralized with lime, the gelatinous precipitate thus produced is dragged down 
rapidly by the settling pulp solids. 

Canapa Dep’r or Minzs (Bul. 617, Mines Branch, 1923) reported tests on ore which 
contained 3 per cent. copper as chalcopyrite, 39 per cent. Fe as pyrite and 8 per cent. insol- 
uble and required to be ground to 100-mesh to free the minerals. Ten pounds lime per ton 
of ore was added to the ball mill and by maintaining the pulp between 25 and 28 per cent. 
solids a 22-per cent. Cu concentrate representing 95 per cent. recovery was obtained. 


Zinc-iron ores 


Most present-day practice uses sodium carbonate or bicarbonate with or without cyanide 
and zinc sulphate or copper sulphate to hold down iron. At Magma Copprr Co. blende 
was floated from pyrite using a mixture of fuel oil, 34° Bé. and G. N.S. No. 17 together with 
0.1 1b. copper sulphate per ton of ore (4 UId 18). The concentrate was later tabled to sep- 
arate galena from blende. The cost of the flotation operation alone was $0.34 per ton 
(1918); filtering concentrate cost 7¢ per ton on the basis of 185 tons feed per day. The 
total milling cost was $1.10 per ton including $0.22 for sorting, (114 P 662). In the Canada 
Dept. of Mines laboratory (Bul. 617, Mines Branch, 19238) it was found that in a pulp made 
alkaline with soda ash, iron was usually held down. If not, lime was added to the ball mill 
and the pulp then de-watered and made distinctly alkaline with soda ash. Copper sul- 
phate frequently increased the recovery of zinc. 


Copper-zinc-tron ore 


CanapDa Dep’t or Mines, (Bul. 617, Mines Branch, 1923). Ore contained 7 per cent. 
chalcopyrite, 7 per cent. blende, 73 per cent. iron sulphides and 13 per cent. non-metallic 
minerals. It required to be ground to 200-mesh to free the minerals. An excess of lime 
above that required for high-grade copper concentrate was added in the grinding mill and 
prevented pyrite and blende from floating. After floating the chalcopyrite, the pulp was 
dewatered to remove part of the lime and fresh water and soda ash were added. Results 
are shown in Table 43. 


Table 43. Laboratory test of copper-zinc-iron ore 


Assay Distribution, per cent. 
Product Cu, Zn, Fe, yen 
per per per Oia on 5 Cu Zn Au 
cent cent cent 
HeedsG@eostext), crcgates tees ossil icxesagsnah a euches asd eile cueicece elite me 100.0 | 100.0 | 100.0 
Copper concentrate.......... 16.7 4.4 24.3 0.10 87.9 10.6 18.2 
Copper middling............ 1 Wats! Sa 28.3 0.10 1.9 4.2 3.6 
Zinc CONCENtTALE .. «.. epee aue.ee,- 0.45] 40.7 17.9 0.11 1.3 52.5 10.8 
ZAC STN AON et acs exes ob oxeisa ohana 0.5 8.9 33:7 0.07 1S} 10.9 6.6 
Sar lim oeeprgeren ac sgerce, Ore aroucas- ces’ 0.3 1.9 35.4 0.07 7.6 21.8 60.8 


FLOTATION OF NON-METALLIC MINERALS 


As early as 1885 Evrerson had the idea of separating oxidized minerals 
of copper and lead from the ordinary gangue minerals by the selective 
action of organic compounds in the presence of water, but her process of 
separation, even as applied to sulphides, was not practical, and the conception 
languished. In 1905 Scuwarz conceived the idea of producing a sulphide 
film on the surface of the oxidized minerals of the base metals and thereafter 
floating them as sulphides. This conception, in many variations, appears ina 
number of subsequent patented proposals, but, with a few notable exceptions 
e.g., the flotation of lead carbonate at Suarruck-Arizona (see p. 188), 
has not been commercially effected. It has shown promise with carbonates 
of copper (azurite and malachite), but has failed with the silicate, and the 
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latter forms so important a part of most oxidized-copper deposits that, unless 
it responds, the process is a commercial failure. An obvious departure from 
sulphide filming, particularly for copper ores, was complete solution of the 
oxidized compounds and subsequent precipitation in floatable form, e@.g., as 
sulphide or metallic copper. A large amount of experimentation on both 
small and large scales has been done on this method, but with the exception 
of Cuino Copper Co., no particularly close approach to success has been 
made. The difficulties have been numerous. Precipitated copper sulphide 
is difficult to float. Copper sulphides present in the ore do not dissolve and 
the presence of the precipitated sulphide or of some of the reagents or reaction 
compounds incident to solution or precipitation inhibits their flotation. The 
same is true, in a measure, when metallic copper is precipitated. Precipi- 
tation of metallic copper in floatable form has proved difficult and expensive 
and regeneration and re-use of solutions has been complicated by fouling. 
Precipitation by sponge iron, as developed at Curno, has been the most prom- 
ising method. A large part of the problem of successful operation was the 
economical production of the sponge. More recently various patentees have 
reverted to the Everson conception and proposed direct flotation of the 
oxidized base-metal minerals by the use of certain reagents, principally of a 
class including soluble soaps, whose action is speculated to be a chemical reac- 
tion with the surface layer of the mineral to be floated, resulting in the forma- 
tion of an organic-film coating that will act similarly to an oiled-sulphide 
surface. 

In the course of investigations along the latter line, experimenters have 
found that there are differences in floatability of non-metallic minerals. 
Coal has been found to be easy to float away from slate and other non-carbon- 
aceous impurities, and differential flotation of coking and non-coking varieties 
of bituminous coal has been described. (See p. 888.) Phosphate minerals 
have been separated from quartz and other silicates, hornblende from feldspar 
and quartz; calcined alumina from silicate impurities, and calcite and fluorite 
are quite readily separated from quartz. 


25. Flotation of oxidized base-metal minerals 


The proposed methods may be classified into three general groups, viz.: 
(1) sulphide filming; (2) solution and precipitation as sulphide or metal; 
(3) selective oxide-flotation. None of the methods has had any general 
success, and it is safe to say that the problem has not, as yet, been solved. 
Each ore appears to be a separate problem, amenable to a partial solution by 
any one of the three methods, but only in rare cases responding satisfactorily. 

Sulphide-filming processes are described in the following patents. 

Schwarz (807,501/1905) describes treating oxide ores with a soluble sul- 
phide, e.g., sodium or potassium sulphides or polysulphides, in solution, in order 
to convert the oxidized surfaces to sulphide surfaces prior to separation from 
the rocky gangue by reason of the selective action of oils. 

Terry (1,094,760/1914) describes the use of hydrogen sulphide in water for sulphide filming 
of base-metal oxides and carbonates, after which froth flotation is effected. He notes also 
that hydrogen sulphide will precipitate sulphides from base-metal solutions and claims that 
such precipitated sulphides aid flotation of original sulphides and sulphide-filmed particles, 
but this is not general experience. A base-metal solution, ¢.g., copper sulphate, may be 
added to produce sulphide precipitate. The process may be carried on in neutral, acid or 


alkaline solutions, with or without heat. J 

Bacon (1,140,866/1915) recommends neutralizing the excess of soluble sulphide over that 
used for filming and simultaneously making the solution faintly acid. Sulphur dioxide is 
suggested for neutralization and acidification. In some cases flotation is better in neutral or 
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slightly alkaline solutions, but it is necessary in such cases to destroy the excess of soluble 
sulphide or render it innocuous before flotation. 

Bacon (1,180,816/1916) states that filming by soluble sulphides is much more efficiently 
performed with the pulp under pressure. He cites an example in which hydrogen sulphide 
is used and the pressure in the filming chamber is 20 lb. per sq. in. 

Martin (1,236,856/1917) recommends monosulphides, polysulphides or hydrosulphides 
of sodium, potassium and calcium to effect direct selection of oxidized particles without 
filming. This last qualification is apparently an effort to escape the incidence of previous 
patents covering filming by soluble sulphides. Martin cites in defense of his claim that 
copper carbonate particles thus floated are green and hence, according to him, non-sulphi- 
dized, but this fact is, of course, no proof of his contention. He recommends making the 
polysulphide solutions by boiling for ten minutes the following mixtures: (1) 52 parts 
sodium hydroxide, 48 parts flowers of sulphur, 6000 parts water; (2) 47 parts lime, 53 parts 
flowers of sulphur, 6000 parts water; (3) 44.6 parts lime, 50.4 parts flowers of sulphur, 1 
part sodium hydroxide, 6000 parts water; (4) fused sodium sulphide of commerce (sodium 
polysulphide) may be used. 

Exampuy. 500 gm. copper sulphide-carbonate ore, 1500 cc. water at normal tempera- 
ture, 10 cc. of solution (1) above, 1 lb. per ton of a mixture of 90 per cent. gas-tar creosote 
and 10 per cent. yellow pine oil. Solution (3) was used with reconstructed oils (see p. 847) 
on slimes carrying 0.9 per cent. Cu of which 0.3 per cent. was oxidized. According to Mar- 
tin, the concentrate assayed 10 per cent. copper and tailing about 0.1 per cent. 

Bacon (1,312,668/1919) describes making soluble sulphides by heating alkaline or alkaline- 
earth materials, ¢.g., lime or the hydroxides, carbonates or borates of alkalies or alkaline- 
earths with metallic sulphides or concentrate, and subsequent separation of metallic oxides 
from ores and of the metallic oxides produced, by using the soluble sulphide for filming and 
flotation. He notes also that those native oxidized minerals whose sulphides are insoluble in 
acids may be separated from those whose sulphides are soluble by sulphidizing and floating 
in an acid pulp, and that subsequently the second mineral may be sulphidized by rendering 
the pulp alkaline. Thus copper minerals may be sulphidized in the presence of iron, or lead 
in the presence of zinc. 

Thompson (1,334,721/1920) recommends treatment of a sulphidized pulp by blowing 
with air prior to flotation. In case hydrogen sulphide has been used as the sulphidizing 
agent this treatment removes the residual gas, which, in certain instances, appears to 
interfere with subsequent flotation. Thompson describes a porous-bottom launder as suit- 
able for the blowing treatment. 

Callow, Thompson and Terry (1,334,733/1920) recommend simultaneous sulphidizing 
and oiling of the pulp, preferably during grinding. They also mention that further subse- 
quent sulphidization may, in some cases, be beneficial and that in some cases blowing before 
flotation, as described by Thompson (1,334,721), is advantageous. In patent 1,334,734, 
the same patentees describe oiling of the pulp prior to sulphidization as preferable in certain 
cases. 

Palmer, Seale and Nevett (1,401,435/1921) claim that “elemental sulphur’ or sulphur 
in solution, prepared as described on p. 882 will float weathered sulphides and will accelerate 
the action of sulphidizing agents on oxidized ores. 

Ellis (1,425,185; 1,425,186; 1,425,187/1922) claims that the use of salts containing ions of 
high valence, such as sodium pyrophosphate, titanium chloride, etc., has beneficial effect in 
flotation of oxides, carbonates or hydroxides either with or without sulphidizing. 

Borcherdt (1,446,375/1923) recommends removal of colloidal constituents of the ore 
prior to sulphidizing and flotation. If the colloids are de-flocculated, removal is effected 
by simple overflow (decantation); otherwise dispersion must first be effected by adding suit- 
able reagents, ¢.g., sodium silicate, gum arabic, foundry molasses, sodium tri-phosphate, etc. 
Acidity should be neutralized before dispersing by means of lime, caustic soda and the like. 
If an excessive amount of flocculating salts, such as magnesium sulphate, is present, they 
should be removed by washing prior to de-flocculation. 

Smith (1,452,662/1923) describes a process in several steps, as follows: (1) Grind to suit- 
able size, preferably —30-mesh. (2) Separate the ground product into sands and slimes. 
(3) Sulphidize each portion separately in the same manner preferably in a thick, slightly- 
alkaline pulp at a temperature of about 50° C., using a soluble sulphide. (4) Thicken as 
much as possible, then oil the thickened pulp with a ‘‘filler oil,” e.g., petroleum sludge. The 
quantity of oil used should be suficient to fill about 20 per cent. of the voids in the mass of 
solid material. (5) Add a flotation oil such as crude turpentine. (6) Discharge the oiled 
pulp into a flotation cell containing four or five times its volume of clean, cold water and agi- 
tate slightly in a way equivalent to shaking a few times in a test-tube. 

Smith (1,459,167/1923) describes sulphidizing in the presence of a so-called preparation 
oil in a thick pulp, removing the water, adding a comparatively large quantity of water 
uncontaminated by preparation oil, and producing a froth concentrate by any of the cus- 
tomary methods. Alternatively dilution alone may replace decantation of the preparation 
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oil and dilution. The laboratory examples of the patent show about 70 to 80 per cent. 
recovery of silver and 85 or 90 per cent. recovery of lead. 

Eberenz (1,505,323/1924) describes flotation of oxidized minerals (together with sul- 
phides) by the use of hydrogen sulphide in an agitation- froth machine with air excluded or 
with some ‘‘other reducing or non-oxygenous reagent,” ¢.g., an alkaline sulphide, and adding 
an inert gas such as nitrogen or carbon dioxide for levitasion: The pulp is preferably neutral 
but may be either slightly acid or slightly alkaline.’ It is stated that a small amount of 


_ resin may be added to improve frothing. An agitation-froth machine with sealed agitation 


chamber is pictured for effecting the operation. 

Smith (1,551,588/1925) describes a method for oxidized or mixed sulphide and oxide 
copper ores, consisting in pre-treatment by slow agitation in a thick pulp with a mixture of 
gases, principally H2S, CO2 and H, and subsequently floating in a more dilute pulp by the 
usual methods. The patent contains also a description of a method for making the hydro- 
gen sulphide free of various deleterious sulphur compounds. 

Nokes (1,444,552/1923) recommends preparing an oxidized ore for flotation by incorporat- 
ing with it, as by grinding, a reagent made by melting together a normally solid hydrocarbon, 
such as paraffin, and an alkaline sulphide; thereafter floating with a suitable frothing agent, 
such as pine oil. 

Exampte. 500 gm. of oxidized silver ore with 500 gm. water was ground to 80 per cent. 
— 80-mesh in a ball mili with a mixture consisting of 2.5 gm. sodium sulphide and 1.75 gm. 
paraffin, fused as above, and 0.12 gm. yellow pine oil. Excess water was decanted from the 
ground pulp, and it was floated with 1200 cc. water, 0.25 gm. reconstructed pine oil and 0.75 
gm. of a mixture of 50 per cent. benzol, 20 per cent. reconstructed pine oil and 30 per cent. 
petroleum. From a feed assaying 0.24 oz. Au, 33.36 oz. Ag, and 4.35 per cent. Mn a con- 
centrate was made assaying 3.50 oz. Au, 374 oz. Ag and 4.50 per cent. Mn and the tailing 
assayed 0.04 oz. Au and 4.96 oz. Ag. 

This patent contemplates simultaneous sulpbidizing and oiling because of the immediate 
proximity of the paraffin and sulphide when the latter is freed in the water by grinding. 


Solution-and-precipitation methods have been less frequently described 
in the patent office than either of the other classes, but more large-scale experi- 
mental work has been done on them. The method is practically restricted in 
application to copper and zinc ores. Lead is excluded because of the difficulty 
of rendering it water soluble. With completely oxidized copper ores and with 
zinc ores the method comes into competition with highly efficient hydro- 
metallurgical processes and so far has failed utterly in the competition. This 
practically restricts its application to copper ores containing mixed sulphides 
and oxides, the former under ordinary circumstances readily amenable to flota- 
tion concentration and not readily soluble in commercial-leaching solvents. 
Most of the large porphyry-copper companies have experimented with the 
patented methods and wita unpatented variants, but with the exception of 
Cuno Coppsr Co., as previously mentioned, none has approached success. At 
Chino the process involved solution in dilute sulphuric acid, precipitation of 
metallic copper in the pulp by means of sponge iron, and flotation of the sul- 
phide and metallic copper at one operation. 


Sulman and Picard (1,333,688/1920) describe what they claim to be animproved method 
for precipitating copper as sulphide for flotation purposes. -This consists in mixing with the 
ore pulp containing dissolved copper a powdered mixture of calcium and ferrous sulphides. 
This mixture is made by heating together pyrite or copper pyrite and an equivalent of lime 
at a low red heat and cooling out of contact with air or, in another method, by heating 


together with the above ingredients an amount of carbon equivalent to the oxygen present. 


In precipitation the solution should be slightly to strongly acid, according to the copper 
content. If the solution contains more than 0.2 to 0.4 per cent. copper, acid in an 
amount equivalent to 3 to 5 per cent. is necessary, if rapid precipitation is desired. 

The patentees also state, like Terry (1,094,760), that flotation of the sulphides present in 
the original ore is enhanced by the presence of the precipitated sulphide. 

Terry (1,541,292/1925) describes a method especially adapted to copper ore, consisting 
in dissolving the oxidized copper compound in sulphuric acid solution, precipitating with 
lime, calcium carbonate, an alkali-metal carbonate or sponge iron, then treating the pulp 
with acetylene to form a copper acetylide and floating this by the usual methods. It is 
desirable that these reactions be confined to the surface of the mineral. He states that the 
same method is applicable also to silver and mercury minerals. Terry (1,541,293/1925), 
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describes the use of an ammoniacal solution containing a small amount of copper, followed 
by acetylene to produce the copper-acetylide coating. This patent is applicable also to 
sulphide ores. ; 

Cremer (1.550,512/1925) recommends solution and precipitation of the oxidized mineral 
as sulphide, using the precipitated colloidal or semi-colloidal metallic sulphide as an agent 
to float primary sulphide of the same metal also present in an ore pulp. 

Nevill (1,551,605/1925) describes a process for floating cement copper in a pulp containing 
ferrous sulphate by using a neutral or reducing gas such as coal gas instead of air as the 
levitating agent, thus preventing oxidation of the cement-copper surface or formation of 
ferric sulphate and solution of copper thereby. 


Selective-oxide flotation. The methods proposed comprise two varieties, 
viz.: (1) Methods in which chemical reaction probably occurs between the 
surface of the oxidized metal-bearing mineral and one of the reagents used 
to effect flotation, resulting in coating of the mineral particles with the reagent. 
(2) Methods in which differences in surface are depended upon in precisely the 
same way as in ordinary sulphide flotation. The first may be called cHEmicat- 
COATING METHODS; the second, OXIDE-FLOTATION METHODS. 


Chemical-coating methods 


It is not impossible that Nokes (1,444,552, p. 899) is in this class. 

Whitaker (1,457,680/1923) recommends coating oxide particles with insoluble or slightly 
soluble soaps, which soap surfaces then act like sulphides in flotation processes. Thus an 
oxidized copper ore may be treated with a dilute solution of acetic, sulphurous, sulphuric 
or hydrochloric acid, forming at the surface of the copper particles the corresponding copper 
salt, which will then react with certain saturated or unsaturated fatty acids or their glycer- 
ides, or vegetable or animal oils containing the acids or glycerides. Oleic and stearic acids 
are named. 

Sulman and Edser (1,492,904/1924) describe a non-sulphidizing process for oxidized ores 
comprising the addition of a soluble soap, e.g., sodium oleate, stearate, palmitate or resinate, 
in an amount that will leave a small amount of free soap in solution, usually varying between 
0.1 and 1 per cent.; also in some instances, in addition, about 1 per cent. or less on the ore of 
certain oils, e.g., kerosene, gas oil or other hydrocarbon oils; or certain soluble salts of alka- 
line reaction, such as sodium silicate or sodium phosphate; or silicic acid sol; and, in some 
cases, caustic alkali. The pulp water should be free of substances such as calcium or similar 
salts or acids that will decompose the soap. Some ores may require a frothing agent in 
addition to the soap. 

The patentees claizn that the method is applicable not only to the usual oxidized ores 
but also to sulphides, sulphur, carbonaceous materials and for separation of hornblende or 
hematite from feldspar and quartz. 

Clark (1,548,351/1925) describes a method for oxidized lead ores in which the ore is 
treated with a chromate, preferably of copper or in the presence of a dissolved copper salt, 
or by some other substance which reacts with the oxidized lead and forms at its surface a 
coating with oxidizing powers; subsequently adding an organic agent capable of being 
oxidized by the substance formed at the lead-mineral surface, thereby coating the lead min- 
eral with an organic oxidation product, and thereafter floating by the usual methods. 
Copper bichromate or sodium bichromate and copper sulphate are recommended for the 
initial treatment in neutral or slightly acid pulps and aniline oil or an acid salt of aniline, 
linseed oil, turpentine, pine oil or the like for the organic coating compound. Calcium hypo- 
chlorite (bleaching powder), hydrogen peroxide or ferric cyanide together with the above 
organic substances are recommended for alkaline pulps. With some ores preliminary treat- 
ment in alkaline or neutral solutions with copper sulphate or potassium-copper cyanide 


followed by coating treatment with acetylene or other oxidizable organic substances is 
recommended. 


Oxide flotation 


Everson (348,157/1886) (p. 790) states that her process is applicable to ‘‘oxides and carbon- 
ates of copper and the carbonate of lead,’’ but there is no evidence in the patent that any 
different treatment was contemplated for these minerals from that designed for minerals of 
metallic luster. 

Lockwood (1,043,851/1912) states that metallic carbonates, oxides and silicates may be 
oiled and thereafter separated by froth flotation, by agitating the oil and ore together in a 
thick aqueous pulp containing a small amount of an alkaline carbonate alone or together 
with a small amount of a silicate of an alkaline metal, e.g., sodium silicate. ‘ 


f ; In the examples 
given he used in one case 6.2 lb. soda ash per ton of water in a 50 per cent. 


pulp; in another, 
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the proportions were 1.25 lb. soda ash and 40 lb. sodium silicate per ton of water in a pulp 
containing 48 per cent. solids. 

Wiser (1,288,350/1918) describes the use of sodium resinate with’ordinary frothing agents 
in order to float mixed sulphides and oxide minerals. Resinate solution may be made by 
boiling together rosin and a solution containing an excess above the combining proportion 
of sodium carbonate or sodium hydroxide, e.g., 1 part soda with 6 parts rosin and enough 
water to make a 5-per cent. solution, is suitable. The amount of sodium resinate recom- 
mended is 0.25 to 10 lb. per ton, conveniently added as a solution of 5 to 10 per cent. strength. 
The resinate may, in some cases be used without other frothing agent. The pulp should 
generally be strongly alkaline, but may be near neutrality. In some cases sodium sulphide 
in addition to the resinate improves recovery of both oxides and sulphides, and oils contain- 
ing sulphur may also be useful. 

Luckenback (1,386,716/1921) claims that oxidized minerals may be floated by the use of 
reagents made by dissolving resinous substances, particularly copal, shellac, or rosin or 
mixtures thereof in a solvent such as a water solution of caustic soda, borax, or ammonia, 
or in alcohol. Oleic acid, grease or tallow or other oily substances capable of reacting with 
the above mixture or some of its constituents in such a way that the ‘‘oil constituents (are] 
neutralized’’ may be added. 

Luckenback (1,417,262/1922) describes the use of ‘‘a reagent comprising a liquefied resin 
or combination of resins’’ for treatment of carbonates, oxides and silicates of metals, as 
well as for minerals of metallic luster. He states that the resin ‘‘may be liquefied by means 
of an alkali, or alcohol, and may be combined with the reaction product of an alkaline metal 
and a fatty acid’’ (soap). The patented reagent may be used in conjunction with a nor- 
mally unsaponifiable oil or oily substance, if desired. He recommends lac in alcohol, oleic 
acid and caustic soda or ammonia. The examples cited do not give much promise of suc- 
cess of the process. 

Luckenback (1,417,263/1922) describes a reagent made by mixing the reaction product 
of a resin and an alkali other than caustic soda (alkaline resinate), a normally unsaponifiable 
resinous substance, e.g., copal, mastic, congo, caoutchouc and the reaction product of an 
alkali and a fatty acid, e.g., sodium oleate. Sodium oleate may replace the resinate with 
certain ores. The example of the patent does not indicate commercial utility. 

Christensen (1,467,354/1923) describes a non-sulphidizing process for concentrating oxi- 
dized ores and, more generally, for separating non-silicate non-metallic minerals from sil- 
icates by froth flotation. Essentially the treatment comprises the agitation-froth process 
with the following limitations; (1) the ore should be ground and oiling of the pulp carried 
on out of the presence of metals, 7.e., grinding in a pebble mill and oiling in an agitation 
machine with non-metal walls and a non-metal, or at least, not an iron, impeller. (2) The 
oil should be one containing a goodly proportion of a fatty or resin acid or a similar com- 
pound. Typical oils of this class are fish oils, such as menhaden or salmon oil; liver oils 
such as cod-liver oil; blubber oils such as whale oil; tallow dissolved in other oils, sperm 
oil, linseed oil, castor oil, olive oil, cocoanut oil and palm oil; oleic and stearic acids; rosin 
dissolved in kerosene or coal-tar oil. (3) The quantity of oil should be relatively large, e.g., 
10 to 15 per cent. of the weight of the minerals to be concentrated. Experiments are cited 
to show that the silicate mineral in the concentrate decreases with increase in oil quantity 
up to 4,5 per cent. by weight on a given lead ore and 6 per cent. on a given manganite ore. 
(4) The water of the pulp should be free of electrolytes. The patentee states that with a 
manganite-porphyry ore he made a 60-per cent. Mn concentrate and 94 per cent. recovery 
from a 30-per cent. feed; with a copper-carbonate sandstone ore, 46-per cent. concen- 
trate and 98 per cent. recovery from 12-per cent. feed, also 38-per cent. concentrate and 94 
per cent. recovery from a 2-per cent. feed; and with a lead-silver-gold ore in silicified lime- 
stone assaying 0.25 oz. Au, 17.2 oz. Ag and 11.8 per cent. Pb he recovered 95 per cent. of the 
gold, 91 per cent. of the silver and 96 per cent. of the lead in a concentrate assaying 0.07 oz. 
Au, 45 oz. Ag and 32.6 per cent. Pb. 

Tucker and Edser (1,497,310/1924) describe a selective-oxide process both for dif- 
ferential separation and for floating oxidized ores (see p. 888). 


26. Flotation of coal 


Flotation of coal from the associated rocky impurities (see Sec. 2, Art. 12) 
is an operation similar to the flotation of sulphide minerals from the usual 
gangues and the underlying principles are the same in both operations. Some 
differences in procedure follow from the differences between run-of-mine coal and 
metalliferous ores. Thus, on account of the lower specific gravity of coal, it 
is unnecessary to grind it as fine as metalliferous mineral must be ground; 
16- to 30-mesh is ordinarily sufficiently fine provided the coal is freed from 
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waste at these sizes. Peterson (Bul. 117 CMI 62) found that — 10-mesh coal 
was readily lifted. For the same reason, a less coherent froth may be em- 
ployed. The oil that goes with the concentrate (coal) has fuel value, hence, 
if oil is cheap enough, considerable quantities may be used and will aid in 
the subsequent dewatering. The proportion of valuable mineral to waste 
in the feed is much greater in coal than in metal separation, the valuable 
material is less valuable and cleanliness of concentrate not so important, hence 
the operation need not be so careful, cleaning is generally unnecessary and the 
volume of material treated in a machine may be pushed up to a point that 
largely compensates for the low specific gravity. Almost any oil that will 
froth may be used but coal-tar cils and wood-tar oils are the most usual. The 
reagent generally adopted in England, where there has been some actual 
washery use of the process for bituminous coal, is two parts of cresylic acid 
to one part paraffin (kerosene) or gas oil (gasolene). The froth is preferably 
voluminous and tender and pulp density should be lower than in ore flotation, 


Table 44. Performance of agitation-froth flotation process on English coals. (After 
Tupholme, 23 CA 177) 


Washed coal, per cent. Recov- 
Hesdi Refuse, ery, 
; hoe per cent. com- 
Kind of coal eute First froth |Second froth Total bust- 
ae ible, 
per 
Weight | Ash | Weight | Ash | Weight | Ash | Weight} Ash | cent. 
Washery waste(a)|70.46 |....... Se a Oe Te le a 15: -6€ lea..3%. dase seltirecs +0 
Washery waste(a)|67.6d |....... See SRE ENS ee | LO. Beh ccunsvare« Mise sovserth. deal 
Washery waste(a)|48.5f |....... oh alae RATE £0..5Gi<turcpartio Hl teep? oteall- seemed 
Coking coal......|24.0 625. Lercle- Ae] phon sa ioe- Ole CD) Ox ely devil eile ceding CGD: 90+ 
Non-coking coal. .|21.8 41.0 ):6.0 | 28.6; 1-9. 1}. 69,26, .)..7.3 30.2 |74.4 85— 
Washery waste...|/61.2 |....... nat nes ree Re PRG aa sae | 66.28 ecldsioc 75 
Welsh coal...... 10.1 by i AN ES By 2.4 |19.2) 89.6 3.6 10 .4,)72). 1 95+ 
Derbyshire coal. .|29.5h |....... emies Mingle’ speeds sald csporad Oe din | O)Oidl 24. 9..18294 J). .93 
Coking coal...... sD. er? Seals ea ce vce efei aS uO site Sissel <b owl a. ae OS 
Coking coal is. .23,)2402 «2\sare «bie suse inks Seed sneyseenust GEO BED Lah ge ads Ge te 93 
Coking coal...... L583 ceil est Boys. nears eae” 2 ise! 88. 2es| Pod 16.8 |76.0 96 
Non-coking coal. .|25.5 |....... eee | Beira eee EER YI!) 26.2 |84.5 96 
Non-coking coal..|27.0 }....... 5s Peel mines Bounds ids: an fle LOST ten pe) 31.6 |76.0 91 
Non-coking coal. ./21.8 |....... spe as eae Ao cual O9.- Sin ato a0 wlan tions 93 
Non-coking coal..|28.2 |....... pcsacl cacti ahs J yajne'l hen 0 Olareesl tO ea 27.5 |78.8 92 
Blacks pee i. SOLO ba | inbecmaa phn | panes eisie dl) OS Oamplad Zany Sl-2il el SOO) 92 
SENG ar eee SO Opell suchas base ee eh eae ye mccmstye, Ack sOesele 9.5 Oumlt 2950 a S10) 95 
Silt rs, 5 CONN Sy sercs atl | nan esl aerial ich, Pa AES COS IB Ps BES eV en es) 83 
Silt Sree er ere SSF. een Mra ae Prue Sil Gapsaden es aBpogstl wa Oise ltd dip od toms Gao 89 
Silt cas bas 7 peas all nae Se eae ocala cae os a Soprge: htooe oe He ae, 1G32ig |S1a5, 96 
ro) Pa es Lee Re iii eee aa a sesepod HOM Oe HLetD id AO> Orel Semis 85 
Washery wastes 
and Gumpse .2..104,.0 i boo evars tore ERE cer Se > ppolGs S 113.0 83.2 |86.6 57 
oa LES [Nace eves Ripa she ly curry 536 O ol Bw De vert Me Oed cht dos 81 
= Oa is e.ahe arena tecacesst hvac 30.2 10.1 67.8 |86.1 76 
3 7 sO een recreaemeael | sek ear > 5 145 |13.5 | 83.0 487.6 56 
4 6262) 7 HAM. By. melee nes ie 24.3 | 9.6 | 70.7 |84.8 72 
- 62:20) calves Psrecrelistsarciontt: hex 228} brOe® | oF 10s. 82i47 67 
‘ Ct: Oe le cue rin enlace deb 16.2 |14.0 | 83.8 |88.5 62 
Wears icsulianraeheriaatel hoe. call Ais ali acrers 28.7 110.8.) 71.3 186.5 74 


a Powell-Duffryn Coal Co., Aberamau tipple. 6 2280 B.t.u. per pound. ¢ 12,450 
B.t.u. per pound. d 5230 B.t.u. per pound. e 12,280 B.t.u. per pound. ‘f 4390 B.t.u. 
De pound. if giao B.t.u. ne capes h 48.2 per cent. fixed carbon and 22.35 per cent. 
volatile. : per cent. fixed carbon and 29.9 per cent. volatile. 2.75 
fixed carbon and 14.8 per cent. volatile. : re 
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particularly if much clay is present, 
otherwise, without cleaning, the 
froth will be of low grade. When 
pyrite is present, it is best to remove 
it by gravity concentration prior to 
flotation for the reason that it floats 
with the coal. 


Bacon (1,329,493/1920) states that 
bituminous coal, if properly crushed and 
mixed with a small amount of oil or oil 
mixture or equivalent froth-forming agent 
can be separated from slate and other 
non-carbonaceous impurities by ordinary 
flotation processes. He recommends grind- 
ing to 48-mesh in such a way as to pro- 
duce sharp-edged rather than rounded 
grains, e.g., in a ball mill rather than in 
a crusher of the type of a disk pulverizer. 
As useful flotation agents, he names coke- 
oven light oil, pine oil, ‘‘ cold-weather 
mixture,’’ and petroleum. The pulp may 
be either acid or alkaline. 

Bates (1,552,197/1925) states that pul- 
verizing with oil ina thick pulp at a 
temperature well above atmospheric is 
best for subsequent flotation, especially 
when the surfaces of the coal have become 
oxidized, as in coal from dumps, caved 
workings and the like. 

Price (1,499,872/1924) describes differ- 
ential flotation of different grades of bitu- 
minous coal, claiming that colloids such 
as tannin, starch, albumin and glue de- 
press the already low floating tendency 
of the non-coking constituent. 


HOCOMAH 
LOVOAONMID 
BOHNRADAADS 


Recovery 
of com- 
bustible, 
per cent. 
81.7 
f Tests 


h 
25.28 


0 
4 
5 
8 
ily 
7 
0 
3 
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e Semi-anthracite. 


Tailing, per cent. 
Weight 


Ash 
13.15 


Total 


Weight 
79.8 
95.5 
co. 
91.8 
82.3 
82.6 
89.9 


(f) (After Ralston, 22 CA 912) 
92.6 
d Bituminous, coking. 
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Second froth 


Weight 
53.9 
2 
7 
0 
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Concentrate, per cent. 


Ash 
12.24 


5.81 
15.46 
6.33 
10.08 
c Bituminous, non-coking. 


First froth 
8 
6 
7 
-mesh. 


Weight 


Performance. Tables 44 and 45 
show the results obtained by flota- 
tion on various kinds of coals and 
washery products. For flow-sheet 
of an operation in a British washery 
see p. 70. 


5 


Feed, 
per cent. 
ash 


Pounds 
per ton 
6 
6 
4 
2 
4 

ai 
3 


Applicability. The pisapvanraces of 
froth-flotation in coal cleaning are numer- 
ous. The outstanding one is the difficulty 
of utilizing the product. Dewatering con- 
centrate is difficult and expensive. The 
fine coal can be readily coked on a small 
scale, but the possibility of coking ona 
large scale in present-day furnaces is not 
clearly established. Transportation would 
entail some loss and unloading, especially 
in freezing weather, would be difficult and 
expensive. Storage and handling of the 
dry product would be dangerous. Bri- 
quetting is a possible outlet for anthracite, 
but requires education of domestic con- 
sumers. The process tends to increase the 
sulphur content of the washed coal above 
that of the feed. Another possible outlet 
is in the form of Trent amalgam (Sec. 14, 
Art. 4), and it may easily turn out cheaper 


Results of agitation-froth flotation on coals of Pacific Northwest. 
6 Good sub-bituminous. 
Feed ground through 6 


Table 45. 
Oil 
Kind 


SOte: (Cie De es oe oe Se eee 
Crude pine creosote........... 


Kerosene (5), hardwood creo- 


Kerosetens.c «ian on os became 


X-cake and xylidin............ 
Pine: oil, a See. Se ee 


ine oil. So ee 


Crude pine creosote........... 
Kerosenes:.'3 tae e& fs Romie. s 


Kerosene (4), pine (1)......... 


a Low-grade, sub-bituminous. 


in M. S. type laboratory machine. 
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to prepare the latter by concentrating by froth flotation and then forming the amalgam 
than to concentrate and make the amalgam in the same step. 

As the situation stands at present, the process is available, at a cost of between $0.05 
and $0.10 per ton of raw fines fed, to treat low-sulphur washery fines and will make a satis- 
factory low-ash coal. Dewatering may easily more than double the cost per ton of washed 
coal. 

Dewatering coal-fiotation concentrate. Tupholme (24 CA 277) describes a method in 
which the froth concentrate in a pulp with water is agitated with 3 to 10 per cent. of oil, tars or 
other hydrocarbon or carbonaceous liquids, reckoned by weight on the solid coal, as a result of 
which irregular agglomerates are formed that may be separated from the water by draining, 
filtration, or pressure. This is, of course, the old Cattermole process (see Sec. 14, Art. 4), 
applied to coal. It is claimed further that reduction in ash may be made at the same time, 
the unagglomerated refuse passing off with the water. No commercial application is cited. 


27. Flotation of miscellaneous non-metallic mineral substances 


Alumina 


Hornsey (1,255,749/1918) describes flotation of alumina from associated impurities by 
means of a small amount (2 lb. per ton) of oleic acid or other oil or frothing agent. Accord- 
ing to the patent, the method of procedure is the same as that followed with sulphide ores. 


Phosphates 


Broadbridge and Edser (1,547,732/1925) describe flotation of phosphates such as phos- 
phorite, apatite and the like away from silicates, calcium carbonate, ferric oxides, alumin- 
ates, etc., by means of a frothing agent such as oleic acid or soap and a dispersing agent such 
as sodium silicate. They also suggest pre-emulsification of the frothing agent by agitation 
in water in the presence of a small amount of sodium carbonate, sodium resinate or sodium 
oleate. EExampie. — 80-mesh dry-ground feed containing 20.5 per cent. P20; was floated 
with 2-lb. sodium silicate (60° Bé.) and 2.3 lb. per ton of oleic acid. The froth assayed 
35.4 per cent. P2O;, and 10.3 per cent. insoluble and represented 94.5 per cent. recovery. 
Tailing assayed 1.05 per cent. P2O;. In a similar test on —60-mesh material assaying 52 
per cent. calcium phosphate, using 1 lb. of oleic acid and 1 |b. of sodium silicate, concentrate 
assayed 79.3 per cent. calcium phosphate and tailing 1.8 per cent. Recovery was 98.2 
per cent. 


Cassiterite 


Edser describes (29 IMM 268) flotation of a mixture of Nigerian cassiterite and quartz 
gangue, ground to pass 80-mesh, in a 4: 1 pulp with soft water and a small amount of sodium 
oleate solution and alkali. He states that several Cornish ores have shown recoveries of 
80 to 90 per cent. in a concentrate assaying 20 to 25 per cent. metallic tin. 


Sulphur 


The fact that sulphur could be floated has been recognized since early in flotation his- 
tory. Hyde (Minerals investigation series, USBM, No. 15) found that under favorable cir- 
cumstances 80 per cent. recovery in a concentrate assaying upwards of 80 per cent. S could 
be made. The oils that he found could be used were pine oils, wood and coal-tar creosotes 
cresylic acid, coal tar, kerosene. Carbolic creosote or a mixture of equal parts kerosene 
and Pensacola T. and T. Co. No. 80 pine oil gave the best results. Sherman (14 UU 82) 
reports an extensive series of tests on ores containing native sulphur in a gangue of quarzite 
and feldspar. The lots tested assayed 15 and 32 per cent. S respectively. The work 
showed that the feed should be ground to pass a 200-mesh screen in order to free the sulphur 
and produce high-grade concentrat . A pulp containing 20 per cent. solids was best in a 
centrifugal bubble-column machine (Fahrenwald) and either acid or alkaline pulp could be 
used. The best tests gave about 80 per cent. recovery in a concentrate containing about 
90 per cent. S. In this test about 1 lb. per ton of Genasco flotation oil was used in an alkaline 
pulp. The best of the numerous reagents used were the Genasco; T-T and X-Y mix- 


a ge Ib. per ton; Barrett No. 4, 1 lb.; a gas-works distillate, 2 to 3 lb.; amyl alcohol, 


Miscellaneous 
See Christensen, 1,467,354; Sulman and Edser, 1,492,904. 
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1. Introduction 


Magnetic separation depends upon the fact that minerals differ in permea- 
bility and, therefore, in their behavior in magnetic fields. Some minerals, 
eé.g., magnetite and franklinite, are readily attracted to the poles of a magnet in 
fields of relatively low intensity, while others, such as quartz and the acid sil- 
icates, are apparently unaffected by the most powerful fields. Certain other 
substances, of which metallic bismuth is, perhaps, the best-known example, are 
actually repelled from the magnet poles in very powerful fields. Experiment 
shows thateall substances are permeable to some extent and that attraction 
and repulsion depend on the relative permeabilities of the substance and the 
medium in which it is tested. Physical terminology classes substances that are 
attracted to the poles in a magnetic field in air as PARAMAGNETIC and those that 
are repelled as piamMAGNetic. For ore-dressing purposes minerals can be 
better classified as strongly magnetic (the physicist’s FERROMAGNETIC), weakly 
magnetic, and non-magnetic. Such classification is shown in Table 1. Any 
mineral in the strongly-magnetic class can be separated readily from any in the 
classes that follow it, and any pure mineral in the weakly-magnetic class from 
any pure minerals in the non-magnetic class; but the values given in the table 
are not to be depended upon to determine the possibilities of separation in 
any given case, without some confirming experiment, for the reason that small 
amounts of impurity, mechanically or chemically held, may change markedly 
the position of a given mineral in the list. Thus certain sphalerites containing 
small percentages of iron are attracted in strong fields and readily separated 
from pyrite and quartz; iron-bearing garnet is sufficiently magnetic to be 
separated from quartz and other acid silicates and corundum; magnetic 
yalena occurs at one of the Coeur d’Alene mines, and similar examples of 
livergence from the tabular order are not infrequent. 

Elementary sulphur is diamagnetic while oxygen is paramagnetic and, 
srobably dependent upon these facts, no pure sulphide, except pyrrhotite, is 
ound in the list of magnetic substances while many of these substances are 
1igh in oxygen content. On the other hand, research makes it appear probable 
hat permeability is due to molecular structure rather than to chemical compo- 
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sition. Heat affects permeability, usually decreasing it, but a ferruginous 


blende is cited that was readily 


Table 1. Relative magnetic attractability of : 
minerals. (After Davis, Bul. 7, MSM) separable (magnetic) when warm 
: but separable with difficulty when 
Substance ielapeve cold 
attractability c - 
The most important separa- 
Iron (taken as tions in concentration practice are: 
Strongly standard)...} 100-00 Tramp iron from crude ores; mag- 
magnetic. . Magnetite.... 40.18 : ; f ate 
Wranlklinite. 35.38 netite Im ores irom associate 
Ilmenite...... 24.70 gangue minerals such as quartz, 
Pyrrhotite.... oP he feldspars, hornblende, garnet, and 
Page Tors Wes apatite; iron from zinc-iron gravity 
Weakly _ Fircowe eines 1.01 concentrate, ¢.g., roasted pyrite 
magnetie.-|< Tamonite. 25: 0.84 from unaltered blende, pyrrhotite 
Seat oh ae from blende, ferruginous blende 
Pyrolusite.... 0.71 f : antieu blond 
| Manganite.... 0.52 rom pyrite, siderite irom blende, 
Calamine..... 0.51 roasted siderite from blende; iron 
Garnet....... 6 ay from copper-iron gravity concen- 
De Pog? 0.87 trate, eg., siderite from chalco- 
CSR ae 0.30 pyrite, pyrrhotite from  chalco- 
Cerargyrite. .. 0.28 pyrite; franklnite from willemite, 
pF BOREL Gays Diet aincite and calcite; wolframite 
Orpiment..... 0.24 ‘a va ihe * 5 
Pyritehiantcc: 0.23 irom cassiterite; and magnetite 
Sphalerite... . 0.23 and ilmenite from monazite sands. 
oon ee Other examples of separations made 
olomite..... 4 . 
Boatitell tide 0.22 by magnetic means are, the mag- 
Apatite....... 0.21 netic material being in each case 
Willemite..... 0.21 named first: hematite from silica; 
gg som aa siderite from cryolite; rhodonite 
Non Dies Galgitens 0.15 and ferruginous garnet from blende; 
magnetic..| | Magnesite... . 0.15 some copper carbonates from sili- 
Chalcopyrite. . 0.14 cious gangue; garnets and_ basic 
Sh a IER Drie ilicates from di dif ds; 
ite ceric 0.11 8 rom diamondiferous sands; 
(ie eee 0.10 burnt magnesite from lime and 
Celestite...... 0.10 alumina; hornblende from apatite; 
a ate Sony rutile from apatite; garnet from 
Chalcocite.... 0.09 seb tara! 
Guprite. |... 0.08 metamorphic silicates ; garnet from 
Smithsonite... 0.07 corundum; biotite from  meta- 
yf etiinde aioe morphic silicates; leucite from 
LRN UG sie ene. ts, (4 6 . “1 ° 
Gryolith toh... 0.05 lava; chromite from silicates; iron 
Enargite...... 0.05 introduced in mining and grind- 
Senarmontite . 0.05 ing from ceramics; limonite from 
oe ae ote silicious and aluminous gangue; 
Galena onset: 0.03 roasted hematite and limonite from 
Witherite.. ... 0.02 gangue minerals. 
2. Theory 
Definitions. A MAGNET is a body possessing certain electrical properties 


that cause it, when freely suspended, to align itself in the magnetic meridian 
(roughly north-south in middle latitudes). It has the ability to draw to itself 
through short distances small pieces of iron and stcel and certain other sub- 
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stances, all of which are known as magnetic substances, although they are gen- 
erally not magnets themselves. This attractive force exerted by magnets is 
due to a field of force surrounding them which, both for 
purposes of illustration and numerical caleulation- is con- 
ceived to be made up of LINES CF FORCE as shown in 
Fig. 1. 


If such a magnet is placed under a sheet of cardboard or glass 

and iron filings are dusted above it and agitated by tapping the sheet Fig 
in order to give them freedom of movement, they will arrange them- ‘ 
selves in chains, end-to-end, in a pattern similar to that of the dotted 
lines. If the same magnet is so suspended as to be free to move 
horizontally, then, if not near a mass of highly magnetic material 
or another magnet, it will swing around until it finally comes to rest in an approximately 
north-south direction, and one particular end of any given magnet will always point north. 
This is called the north-seeking or north pole, and, from the fact that it was usually 
marked with a cross, is now called the (+) or positive Pee; the other is called the (—) 
or NEGATIVE POLE. Lines of magnetic force are conceived to be directed from north pole 
to south pole outside the magnet and from south pole to north pole inside the magnet 
and to close, i.e., to form closed circuits. 


1.—Lines of 
force surrounding 
a bar magnet. 


Lines of force outside the magnet, in passing through different media, 
- diverge or converge according to the relative permeability of the media. A 
highly permeable body is one that concentrates or draws together the lines of 
force in its vicinity and the pprmMBaBILiTy of a body may be thought of as the 
ratio of the concentration or crowding of the lines in a given area through the 
body in a given field to the spacing in air 
SSRANG at the same position, the body being ab- 
sent. Thus Fig. 2 represents the effect of 
a piece of magnetite, with relatively high 
permeability, in concentrating the lines 
of force in the magnetic field around a 
bar magnet. 

Electromagnetism. When an electric 
current flows through any conductor, a 
magnetic field is set up in the medium 
surrounding the conductor. If the con- 
ductor is wound in a helical coil'a magnetic 
circuit is set up in which the lines of force 
are approximately axial through the coil 
and curved without in a manner entirely similar to the field of a magnet of the 
same shape and size as the coil, in fact the coil itself may be regarded as a 
magnet. If the length of the coil is great in proportion to its diameter, the 
strength of the magnetic field in the interior. of the coil is given by the 
equation H = 47AN/10l, where H is conccived of as the number of lines of 
magnetic force per square centimeter of the medium, A is the current flow- 
ing in the coil, expressed in amperes; NV is the number of turns or wind- 
ings, and J is the length of the coil in centimeters. Ifthe diameter of the 
coil is relatively great with respect to the length, H=21NA/10r, where 
r is the radius of the coil in centimeters. The product AWN is called the 
AMPERE TURNS of the magnet coil. If a soft-iron core is inserted in the coil, 
the number of lines of force within the coil is enormously increased, with 
corresponding increase in the strength of the magnetic field, and the combina- 
tion becomes a typical electromagnet. In such a magnet the magnetic field 
continues as long as current flows through the coil; its strength depends on the 
strength of the coil field and the permeability of the core; and the field ceases 
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Table 2. 
Volume 
Substance susceptibility, ky 
Minerals 

Neawnetites ata: eee 3.07 to 0.12 
New Zealand iron sand..... 0.19 
Magnetite, very impure..... 0.056 
Iron sulphide (artificial) . 0.022 

0.00575 
Pyrrhotite:..f.:...os%8.-%. 52. ef 0.000337 
Doleritewkin «eta: og 0 eae 
Franklinite si) 2.5.4.0 { Glonde 
Timenite cc scaler eee 0.0015 
Specular hematite..........) , 9.0011 
GEaNILC. pias scrapes at Es 0. oorO 
Chrome iron ore......... { ° Coane 
Chalybite, massive......... 0.00056 
Spathievore! 225. 22S 0.00048 
Green serpentine........... 0.00035 
Red serpentine............ 0.000041 
IROrnbiende «cee ns cs 0.00033 
Wolfram: ore aqtids vest} 0.00030 
Tronstone .. 0.00030 
Nickel sulphide, native. 0.000183 
Red) hematitesc.\ssi5 .i. avius 0.0002 
Brown hematite........... 0.00011 
IMPonazite fase, Se fetes ones 
Winé-blende . 15232 2 f8. 0.000012 
I it bi 0.00015 
ron pyrite, cubic........ 00000015 


Tron pyrite, rhombic ....... 
Copper ‘pyrite... 0... : 
Pergusonite J2 .A.c.y- BE 
Arsenical pyrite.......... 3 


Tinstone: crystah. ...,......- 
Tinstone crystals in matrix. . 
Mica, Bengal ruby-clear .. 


Mica, Bengal ruby-spotted 


POUT MAUNE sia sere 


Bimestone.? . 20S: . 
Cobalirte;.c: lier. beac 2. 3 
Sapphire, Al,O3............ 


Glasses (various)......... 
Antimony sulphide, native. . 


Corundum crystal, AlpQO3. . 


lights 


0 
0 
0 
0 
0 
0 
ie) 
0 
10) 
0 
0 
0. 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
=O) 


-00000015 
-00000085 
.0000016 
.0000019 
.0000005 
.00000136 


Apatite. gs vi. A. In. Bi - 00000072 
Metals 
Manganese iron 0.0004 (a) 
(13 per cent. Mn)...... | 0.530(6) 
Chromium mcs)’ hos ted ise 0.000031 
angsten’. c; as ae: eter ar. - 0.000006 
Platinum’ s) IGS eS. 0.000029 
Manganese ..... se. 08 smc.tetes st: 0.000084 
AUMAO UTI srs seaeriengs oh ueiel eet 0.0000018 
MV Gani crenata ance ecart 0.00000019 
Silversd #.geshesdiacs ar-2 —0.0000021 
Copper rncinccacradby ere. +, ap lh —0.0000073 
Antimony ie eet. LAU —0.0000063 
Bismuth, ws tae chiles. 3 —0.000014 
Fluids 
Manganese sulphate(c) ..... 0.000017 
Ferrous sulphate........... 0.000015 
WUOher. toch ats Acasa. A deters 0.00000075 
a Before heat treatment. 6b After heat treat- 
ment. ¢ Molecular normal solution, 


See. 13. 


Magnetic susceptibility of low order except, perhaps, for a weak residual 


permanent field, when the current 
stops. The driving force in a mag- 
netic circuit, conceived to cause the 
lines of force to penetrate the differ- 
ent media in the circuit, is called 
the MAGNETO MOTivE FORCE, M. 
It is expressed numerically as 


M = Hl = 4rAN/10 = (approxi- 
mately) 1.25AN. 


This force is conceived to create a 
magnetic flow or MAGNETIC FLUX in 
the magnetic circuit, which varies 
directly as the magneto motive force 
and inversely as a quality of the 
circuit, analogous to the resistance 
of an electrical conductor, known . 
as RELUCTANCE, R. The unit of 
reluctance 1s RELUCTIVITY, p, and 
is defined as the reluctance of a 
magnetic circuit 1 cm. long and 
1 sq. cm. in transverse section. The 
total reluctance of a homogeneous 
circuit 1 em. long and S em. in trans- 
verse section is: =<=pl seu une 
relation between reluctivity p and 
PERMEABILITY pw is expressed in the 
equation p =1/y. PERMBABILITY 
is expressed numerically in terms 
of field strength and flux density as 
= B/H. Hence p = H/B. 

Susceptipinity K, which may 
be considered as the increase in the 
number of lines per square centi- 
meter at a given point in a given 
magnetic field, caused by the intro- 
duction of a given substance, over 
the number that would be present 
at the same point in air alone, is 
related to permeability by the equa- 
tion» = 1+ 47K. It may also be 
considered as the ratio of the inten- 
sity of magnetization, J, to the mag- 
netizing force H, or K = I/H. Since 
the mechanical effect on a particle 
of given size and shape at a given 
point in a given magnetic field is 
proportional to the intensity of mag- 
netization of the particle, it follows 
that susceptibility is a direct meas- 
ure of the relative response to be 
expected from different substances 
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when presented to a given magnetic field. Table 2 (Wilson, 59 Trans. IEE 
319) represents the latest published figures on susceptibility of minerals and 
is apparently the result of careful work, but the warning given in connection 
with Table 1 is to be remembered. 

The total MAGNETIC FLUX, Z, in any circuit is given by the equation Z = BS 
from which M = Bol = Zpl/S, and AN/l = 0.8Z/uS. This is the equa- 
tion for determining the number of ampere turns required to produce a given 
total flux density in an electromagnetic field. But permeability varies with 
flux density, hence experimentally determined permeability curves showing 
the relation between flux density and permeability for the substances compos- 
ing the magnetic circuit are required before the formula can be used. Also, 
since the magnetic circuit in an electromagnet is non-homogeneous, the reluc- 
tance of the different parts of the circuit must be calculated separately and 
summed to obtain the total reluctance. 


ISXAMPLE. Given an annealed Swedish-iron ring, 24 in. mean diameter and 3-in. cross- 
section, cut transversely and leaving an air gap of 0.75 in.; required NA to give a total 
flux Z = 400,000 C.G. S. units. The length of the iron circuit = 59.1cem. B = 400, 
000/39.82 = 10,050. mw (from Table 3) corresponding to 10,059 (B) for iron is 1339. 

59.1 1.9 
R(iron) = uS ~ 1330 X 39.82 ~ 0.0011. Reair) = ae = 1x 39.82 ~ 0.0478.  R(total) 


l 
= 0.0489. AN = 08475 = 0.82% (total) = 0.8 (400,000) 0.6478 = 15,300. 


Tractive force. If a bar magnet is cut transversely and the cut ends are 
then placed in contact, the force F in dynes holding them together can be 
expressed by the equation F = B?S/8r; but this equation is in no way applica- 
ble to the attractive force exerted by a magnet on a body separated from the 
poles by an air gap. The attractive force exerted on a small sphere in a mag- 
vk dH, = *) 


netic field is F = 1 adekeaare! where K is the susceptibility (- WE: 


v = volume of sphere and Hp is the magnetic force or field strength in the 
direction of a displacement, X. It follows from the above 
equation that when Hp is constant, F = 0. Thus the sphere 
in the magnetic field between the flat-faced poles of the 
magnet shown in Fig. 3, a will not move toward either 
pole because of the fact that the field strength is the same 
across every section of the field adjacent to the sphere. 
On the other hand, in the case shown in Fig. 3, b, where 
one of the poles is wedge-shaped, the field increases in 
strength from the flat-faced pole to the wedge-shaped pole, 
which means that H> increases, and the sphere will tend to Erais) 
move toward the stronger field. If the sphere were dia- 

magnetic instead of paramagnetic as illustrated, the coefficient K/(1 + 47k) 
would be negative, indicating a tendency to move from a stronger to a weaker 
part of the field. 

Design. It is impossible to proceed with theoretical analysis to the point 
of design of electromagnets for separation of ores. The last equation tells that 
the field must be of variable strength, and for this reason wedge-shaped pole 
pieces are used on the collecting poles, or other devices such as sharp projec- 
tions on pole pieces or armatures, laminated pole pieces, armatures of alter- 
nate disks of magnetic and non-magnetic material, or parallel cylinders are 
employed as pole pieces for producing converging fields. The air gap between 
the collecting pole and the particle should be as small as possible, in order to 
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bring the particle to be collected into the stronger and more rapidly changing 
part of the field. But for determination of proper field strength and number of 
ampere turns to effect a given separation, it is necessary to resort to experiment 
with a magnet of known construction, and from the data thus obtained to draw 
the specifications for the desired magnet. 


It is clear from the equation AN = 0.81Z/pS, that for a given total flux density Z and 
with a given cross-section S, the number of ampere turns per unit of length (AN/I) is 
inversely proportional to the permeability of the core. Since iron and steel have the great- 
est permeability of any known substances they are used for magnet cores. The permeability 
of different kinds of iron and steel with different flux densities are given in Tabie 3. Mild 


Table 3. Permeability and flux density of various materials for electromagnet cores 


Permeability () 
' Flux 
density (B), 
CxeGir Ss Units)» | Cast Annealed Steel Forged 
iron Swedish casting IDZOv 
iron iron 
| 
2,000 ayeantses AP at [ed ates, eciQ OF 4 
4,000 260. Ver hon + BPnatild BOSON oA cue ths 
6,000 300 1180 1880; GL .....Bay.| 
8,000 180 1330 LOGOM Mele caeioce ceatae < 
10,000 100 1330 L700 Pallets kee 
12,000 40 1200 LSZOUMING 5a: MRE 
14,000 20 900 900 1900 
165000 YiSATeERN GS? ti 550 450 900. 
18,0004 saccibsfessd <ooresrt 220 180 240 


steel is now generally used for magnet cores, except where the highest possible permeability 
throughout a wide range of flux densities is required, when forged ingot iron is employed. 
At New Jersey Zinc Co. Swedish cast steel for cores, pole pieces and pole points is spe- 
cified to contain not more than 0.06 per cent. C, 0.025 per cent. P, 0.025 per cent. 8, 0.30 
per cent. Mn, 0.30 per cent. Si, and to be thoroughly annealed. 

The same equation shows that a given magnetic flux is dependent upon the product of 
the current flowing and the number of turns of wire around the core per unit of length. 
Hence by increasing the number of turns the current can be decreased and vice versa. On the 
other hand, as the diameter of the coil increases with respect to the length, the magnetic 
effect of a given number of ampere turns decreases. Ordinary design makes the length of the 
coil 5 to 10 times the diameter. The amount of current that can be safely carried through a 
given wire is limited by the HEATING; a general rule in well-ventilated core windings is that 
the current shall not exceed 2.5 amp. per sq. mm. of copper wire. DWnclosed magnets must 
carry less current. Asbestos-covered wire should be used in high-intensity magnets to 
prevent break-down of insulation and lessen fire risk, and careful waterproofing is also 
essential. Winding specifications for Wetherill-Rowand high-intensity magnets at New 
Jersey Zinc Co. call for the wound spool to stand 10,000 volts; temperature not to exceed 
70° F. above the surrounding air with 125-volt direct current. One spool answering this 
specification was wound with No. 13 wire, 37 layers, 233 turns per layer, 55.56 ohms resist- 
ance per spool. Protective rope winding, }4-in. manila, free from moisture before winding. 


Effect of size of particle on strength of field required is dependent on the 
method of presentation. Attractive force is proportional to the product. of 
magnetic masses and inversely proportional to the square of the distance 
between them. But the magnetic masses in a given field, while proportional 
to the volumes of the particles, act as though concentrated at the extremities 
of the particles and with a large particle the distance to the like pole, which is 
repelled by the magnet pole, is relatively greater with respect to the distance 
to the unlike pole than is the case with a small particle. Hence the counter- 
repulsive force due to this pole is relatively less, and the net attractive force 
relatively greater. Therefore, although gravity, acting against the magnetic 
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attraction, is likewise proportional to the respective volumes of the particles, 
and, considering volume alone, the net attractive force per unit of volume is 
the same for all particles of the same mineral at the same distance from the 
poles, irrespective of size, nevertheless, where concentration of magnetic mass 
at the poles is taken into consideration, the greater net force is exerted on 
the larger particle. Moreover, if the material to be treated is presented resting 
on a supporting surface below the magnet pole, so that the particles must be 
lifted to the pole, then the unlike induced pole in the larger particle will be 
nearer the magnet pole than that of the smaller particle and this, in addition 
to the fact that the like induced pole will be relatively further away, results in 
a net effective force on the larger particle considerably greater than on the 
smaller, or, conversely, the larger particle can be separated in a weaker ficld. 
Further, the smaller particle may be so deeply buried in the mass of material 
as to be less free to move than the larger particle, and for this reason, also, 
requires a stronger current. When the magnet is under the presenting surface, a 
somewhat reverse condition holds, and a weaker field will suffice for the smaller 
particle. It follows, therefore, that if the particles are not pure, but are 
composed of a mixture of magnetic and non-magnetic minerals, they must be 
closely sized, if clean products are desired. Also, if a field of high intensity is 
necessary, the air gap must be small and close sizing is essential in order that 
the large pieces may not touch the magnet poles when the gap is sufficiently 
small with respect to the small particles. With highly-magnetic feeds the 
tendency for the larger magnetic particles to entrain gangue and for the larger 
middling particles to attract and hold small particles of magnetic mineral also 
calls for sizing of the feed. 

Time required to induce magnetism. Evidence is conflicting as to whether 
or not there is a distinct time element involved in the induction of maximum 
magnetization in a given particle in a given magnetic field. Thompson 
(Electricity and Magnetism, p. 884) cites the fact that a large electromagnet 
at the Royal Institution (London) requires about two seconds to reach max- 
imum strength. Truscolt, on the other hand, states that with 600,000 alterna- 
tions per second the limit to the speed of magnetization of a piece of laminated 
iron was not reached. When, however, the question is one of the speed of 
passage of minerals through a magnetic field, the result is the same as though 
time were an essential element, 

When a mixture of magnetite, rhodonite and ferruginous blende, ground to pass a 0.75- 
mm. screen, was presented at different speeds to a given field, it was found that at a speed of 
330 ft. per min. magnetite only was removed, at 230 ft. per min. some of the rhodonite but 
none of the blende came off, at 165 ft. per min. all of the rhodonite and some of the blende 
were lifted, at 130 ft. per min. more of the blende and at 100 ft. per min. all of the blende 
was recovered. It is true that the determining factor here may well have been the relation 
between final magnetic attraction and momentum of the particles and that the effective 
result of lowering belt speed was to lessen momentum rather than to allow time for greater 
magnetization. Inso far as separator design and operation are concerned, however, the con- 


clusion is clear that the allowable speed of passage of particles through the magnetic field is 
closely related to the permeability of the magnetic constituents; the lower the permeability 


the lower the allowable speed. 


Forces employed to oppose magnetic attraction in separators are gravity, 
centrifugal force, friction, momentum of the particle, and the blow of a blast 
of air or water. When centrifugal force, momentum, or the force of fluid cur- 
rents are the opposing forces, the magnitude and direction of the resultant 
force can be varied by varying either the magnetic force or the opposing force. 
When gravity or friction is the opposing force, control hes with the magnetic 


force alone. 
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Current. The energizing current is normally direct-current at 110 to 250 
volts. Alternating-current has been used experimentally for energizing mag- 
nets for mineral separation, but the practice has not passed the experimental 
stage. 


3. Types of magnetic separators 


Separators are built to treat coarse or fine material, wet or dry, and the 
design differs somewhat according to the service. The design also differs 
according to whether the magnetic material is strongly or weakly magnetic, a 
field of high intensity being required for weakly-magnetic materials while one 
of low intensity will serve for strongly magnetic. In both types the working 
magnet may be either directly energized by a coil or may be energized by 
induction. Further classification may be made on the basis of the method of 
presentation of the material to the magnet as on a belt, pulley, drum, shaking 
tray, or by a free fall through air, etc. 

The fundamental elements of every successful magnetic separator are (a) 
a magnetic field of sufficient intensity to cause a marked difference in the mag- 
netic forces acting on the magnetic and non-magnetic particles in the mass 
to be separated; () a means for bringing the material to be separated to the 
magnetic field in such a way that the particles have sutficient freedom of 
movement under the influence of the magnetic forces to permit the magnetic 
particles to move away from the non-magnetic or vice versa; (c) a force or forces 
such as gravity, centrifugal force, or the friction of a solid or fluid acting against 
the magnetic force and serving to intensify the difference in direction of move- 
ment of the magnetic and non-magnetic particles; (¢d) a means for removing 
both magnetic and non-magnetic particles from the magnetic field after sep- 
aration. 

The underlying ideas of magnetic separation are old and are disclosed in 
a large number of patents, now expired. Existing patents are all for apparatus, 
covering various mechanical and electrical details, but not applying to basic 
principles. 

Low-intensity machines are used principally for separating magnetite from 
non-magnetic gangues; magnetic oxides of iron, formed by roasting sulphides, 
from associated unaltered and non-magnetic sulphides; and for removing 
metallic iron from various non-metallic admixtures, as for instance, tramp iron 
from crude non-magnetic ores, flake iron from ground ceramics and the like, 
nails from brass-foundry refuse, etc. As a general rule it may be stated that 
the permeability must be greater than 20 when iron is taken as 100 in order to 
make a substance separable on a low-intensity machine. Typical machines 
of this class are described below. 

Edison machine is the simplest in principle of the continuous machines. A stream of 
crushed highly-magnetic ore is allowed to fall freely in air past the pole piece of a primary 
electromagnet. As a result the magnetic material is deflected toward the magnet and falls 
into a suitable receptacle, while non-magnetic material falls vertically into an adjacent box. 
Although simple in principle, and not subject to the disadvantage of entrainment of gangue 
by concentrate, this machine has the disadvantage that the speed of presentation is high 


and the air gap is necessarily great, greatly different for different particles and hard to con- 
trol. Asa result the machine has had but little use in the mills. 


4. Pulley separator 


This type (Fig. 4) consists essentially of a belt conveyor with a magnetic 
head pulley, a device to distribute feed in a thin layer on the carrying portion 
of the belt, and a divided receiving chute to take the two discharge products. 
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The magnetic head pulley consists of an iron or steel pulley with a battery of 
electromagnets inside, mounted on the pulley shaft and revolving, therefore, 
with the pulley, current being supplied 
through slip rings on the pulley shaft. As . ea le diinsion board 
ore passes over the head pulley, non-mag- Ge Ne 

netic material is thrown free as in the 
ordinary belt-conveyor discharge, while 
magnetic material clings until separated 
by the divergence of the return belt from 
the under side of the magnetic pulley. 


Size of HEAD PULLEY ranges from 12 X 12 in. to To rolls 
48 X 60in. SPEED is from 100 to 400 ft. per min. Fig. 4.—Pulley separator. 
Capacity on feed passing 1.5- or 2-in. ring is from 
15 to 25 tons per hour per ft..of pulley width. A machine with 24-in. belt at Mr. Hors 
(99 J 562) takes 12.5 amp. at 250 v.; at Moosn Mountain (99 J 974) 21 amp. at 120 v.; 
at WITHERBEE, SHERMAN AND Co., (48 A 264) 25 amp. at 125 v. and at RicHarD mine 
(115 J 978) 31 amp. at 125 v. The magnets are usually so wound that the alternate poles 
are of opposite polarity, thus producing concentrated magnetic fields at and near the belt 
surface. 


This type of machine, with the strong current usually employed, will hold 
everything that contains an appreciable amount of magnetic material and 
reject clean tailing. The concentrate, therefore, is usually a middling that 
must be further treated. In mills treating magnetite ores, pulley machines 
treat the reject from drum machines (Art. 5) and make tailing carrying from 
8 to 12 per cent. Fe (a large part of this being non-magnetic iron). They thus 
materially reduce the load on the re-grinding machines. 

Performance. At WITHERBEE, SHERMAN Co. (96 J 959) 20-in. pulley machines treat 
crude ore sized between 2- and 0.75-in. at the rate of 300 tons per machine per day and also 
treat the sized middling from drum machines. Tach pulley carries 25 magnets and draws 
about 25 amp. at 125 volts. Feed is practically dry. Pulley speed, 40 to 50 r.p.m., giving a 
belt speed of 250 to 320 ft. per min. Feed assays 35 per cent. Fe and tailing 6 to 8 per cent. 


Rough concentrate is sent to drum machines. Pulley machines are also used torough out 
tailing on the sizes 34- to 3-in. and 34- to 44-in. One man attends 17 separators of the drum 


and pulley types. 


5. Ball-Norton drum separator 


This machine (Fig. 5) consists of a closed drum of non-magnetic material, 
such as brass or bronze, revolving around a segment of a stationary electro- 
; magnet which covers between 4 and 2% of 
ee Feed hopper the face of the drum as shown. ‘These 
¢ - magnets are wound so that adjacent poles 
are of opposite polarity. Electrical con- 

nection is made through a hollow shaft. 
When ore, properly crushed to free the 
magnetic mineral, is fed onto the upper 
part of the drum, in the direction of rota- 
tion, the non-magnetic portion rebounds 
or slides off while the magnetic material 
is drawn down to the face of the drum by 
the magnetic force. As any given magnetic 
particle is carried forward, however, from 
the field of one magnet into the field of the next, then, because of the fact 
that the change in position of the particle is more rapid than the change 
in polarity of the induced magnetism, the particle turns end for end in order 


Fic. 5.—Ball-Norton drum-type 
separator. 
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to present the proper pole to the succeeding magnet. In so doing it leaves the 
surface of the drum and thereby frees any non-magnetic particle that may have 
been mechanically held by it in position on the drum. This winnowing effect 
is repeated from pole to pole until, by the time the bottom of the drum is 
reached, most of the non-magnetic and weakly-magnetic particles have been 
shaken out. This agitation of material by means of magnetic circuits of 
alternate polarity is one of the outstanding advances that has been made in 
the art of magnetic separation. At the point on the periphery where the 
segmental battery of magnets terminates the magnetic particles leave the 
drum by centrifugal force and gravity and fall into the concentrate hopper. 


Drums are urually made 16 to 24 in. face, 24 to 36 in. diameter and are run at 350 to 
400 ft. per min. peripheral speed. _ CuRRENT varies with size of feed; at Mr. Horr (99 J 562) 
6 amp. at 250 v. is used with 1.5- to 2-in. material, 4.5 amp. with 0.5- to 1.5-in. material and 
3.75 amp. with 0.75- to 0.25-in. material. Capacrry on magnetite ores is from 20 to 50 
tons per hr. on coarse sizes (0.5- to 2-in.) and considerably less on finer feeds. 

At Mexsapi Iron Co. a 30 X 30-in. drum drawing 714% amp. at 110 volts was fed with 
de-slimed —4-mesh sand (58.2 per cent. water) at the rate of 8.7 tons per hr. Assays 
(magnetic Fe, per cent.) were: Feed, 36.7; concentrate, 48.2; tailing, 9.5. 

At Mr. Horr manganese-steel shells were substituted for brass on the drum. These 
shells, -in. thick, lasted four times as long as the brass drums and the cost per ton was one- 
quarter as much. Roche substituted pure rubber bands for manganese steel at the Rrcu- 
ARD mine and found that the life of 3{6-in. rubber was three times that of the steel, with a 
further saving in installation time and power consumption. Roche used four bands on a 
24-in. drum and found that the bands could be readily snapped on drums by merely lifting 
one end of the shaft out of its bearings. 


The drum separator is essentially a roughing machine for making a clean 
concentrate and a middling for re-treatment. This middling is ordinarily 
sent to pulley machines (Art. 4). 


Ball-Norton double-drum separator (Fig. 6) is an attempt to make finished concentrate 
ona drum-type machine. The first drum is run slowly with a strong field in an attempt to 
make a low-grade concentrate and clean tailing. The 
second drum (G) is fed by centrifugal force with the 
rough concentrate from the first. It is run at higher 
speed and with a weaker field; as a result low-grade 
material is dropped into middling compartment (M) 
and only high-grade concentrate is carried around to 
be thrown over into hopper (C). This machine is 
intended for finer feed than the single-drum machine, 
the size recommended by the makers being below 
2.5-mm. Onsuch material a capacity of 15 to 20 tons 
of magnetite ore per hour is claimed on drums with 
24-in. face, running the first drum at 40 r.p.m. and 
Fic. 6.—Ball-Norton double- the second at 50, drawing 10.5 amp. and 13 amp. 

drum separator. . respectively. Pownr required for driving is 0.5 to 
0.75 hp. 

Performance. Single-drum separators at Wiraureen, SHERMAN Co., (96 J 959) are 
30-in. diameter by 18-in. face, made of brass, rubber covered. Each contains 16 magnets. 
They run at 50 to 56 r.p.m., are used to treat sized feed — 34 + 34-in. and — % + \-in. In 
one mill treating coarsely crystalline ore, material —2 +0.75-in. is also treated on drum 
machines. They make concentrate assaying about 60 to 65 per cent. Fe and a middling 
assaying about 18 per cent. from feeds ranging between 25 and 45 per cent. Fe. About 4 
amp. at 125 v. are used on the coarse feeds, 7 amp. on finer feeds. One man attends 17 
separators of the drum and pulley types. At Rreptoauer Steyn Co. 2-drum machines with 
drums 36-in. diam. by 28-in. face with 14 magnets per drum are run at 49 r.p.m.; feed rate is 
14.9 tons per hr. Sizing test of feed and products is given in Table 4. Average assays: 
eed, 33.4 per cent. Fe; concentrate, 62 per cent. Fe; tailing, 22.4 per cent. Fe. Iron in 
tailing is mostly hematite. Similar drum machines are used to treat re-ground middling 
from belt separators. Sizing test of feed is about the same as given in Table 4. Average 
assays: Feed, 26.8 per cent. Fe; concentrate, 57.4 per cent. Fe; tailing, 20.6 per cent. Fe 
(mostly hematite, goes to gravity mill). One of the separators in re-treatment service has 
30 X 42-in. drums with 27 magnets in the upper drum and 45 in the lower. Average ton- 
nage on re-treatment machines, 17 each. 


a 
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Ball-Norton drum-pulley machine (Fig. 7) is a combination of the two macnines just 
described, designed to economize floor space and head room and deliver, from one machine, 
_ finished concentrate and tailing and middling for re-treatment. Construction and opera- 
tion of each part are the same as in the independent machines. 


Table 4. Sizing tests of feed and products of Ball- 
Norton drum-type separators, Replogle Steel Co. 


Battery of magnets 
Weights, per cent. bate of 
a ery O} 
Screen, mesh y es we 
Concen- + S 
Feed ae Tailing t 
s 
20 14.6 15.5 10.2 s 
40 37.5 50.1 37.4 = 
60 30.4 t 14.5 23.7 > Tailin 
80 7.6 3.8 5.1 g 
am aol 1.4 3.4 Fic. 7.—Ball-Norton combined 
wpeoueh 100 b.8 1448 Se a drum and pulley machine. 


Wenstrom separator is a drum-type machine for coarse feeds, used in 
Swedish mills in the same position as the single-drum Ball-Norton. The 
flanged drum is built up of alternate lamellae of wood and soft iron. The 
electro-magnet is circular in cross-section but has annular grooves containing 
the winding and is wound in such a way that alternate poles have opposite 
polarity. It is placed eccentrically within the drum. Projections from the 
inner face of the iron drum lamelle are so arranged that those of alternate 
lamellz approach opposite poles of the magnet during their downward travel 
and are thus magnetized by induction; during their upward travel they are 
out of the effective field of the primary magnet and lose their induced mag- 

-netism. The effect 1s somewhat the same as in the Ball-Norton machine, 
except that the magnetic agitation of pulp on the drum is not so active in the 
Wenstrom machine. 


This machine with 30  24-in. drum is said to require about 15 amp. at 110 volts and 
to treat from 5 to 10 tons of 1l- to 2-in. magnetite ore per hour at 30 r.p.m, 


6. Ball-Norton belt separator 


This machine (Fig. 8) is adapted to the treatment of finely-ground dry ores 

Feed hogper. containing a strongly magnetic 
Magnet yoke mineral. Feed is introduced by 
AP Magnets & means of a suitable feed device 


; ee (a) onto feed belt (6), which car- 
Oise 


Nc 

Cy LOREM, ries the feed forward until, near 
the head pulley, it comes into the 
field of the battery of electromag- 
nets (c). These magnets, of which 
there are 8 to 12, are wound so 
that alternate poles are of oppo- 
site polarity. Magnetic material 
is lifted to the under side of belt 
(d), which runs at a higher speed 
than belt (b), and is carried for- 
ward, clinging to the belt. By 
reason of the alternating polarity 
of the magnets the material cling- 


Tatling \Middiing 
| chute __|\ chute 


Fic. 8.—Ball-Norton belt separator, series 
type. 
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ing to the upper belt is turned over and over, forming depending loops 
in the air in passing from one field to the next, and inthis manner weakly- 
magnetic middling and entangled non-magnetic material are winnowed out 
and fall in the hopper M. Strongly-magnetic material is carried forward until 
it passes out of the magnetic fields and falls into hopper (C) while non-magnetic 
material remains on the feed belt until it reaches the head pulley and is dis- 
charged therefrom, usually into the same hopper as the middling. 


Usual belt speeds are 100 to 250 ft. per min. for the feed belt and 200 to 400 ft. per min. 
for the take-off belt, the lower speeds corresponding to the more weakly-magnetic material, 
such, for instance, as magnetite middling, and coarser sizes. In treating magnetite ore 
passing 0.25-in. sereen, the current requirement for a 12-pole machine is from 4 amp. at 250 
volts when lifting concentrate, to 8 to 10 amp. when lifting middling. The machine shown 
in Fig. 8 is a 2-deck machine of the series type in which middling from the first belt is re- 
treated on a second belt that makes a true middling, and a tailing that can be rejected. 

In the 2-deck parallel machine, used for fine material that does not contain sufficient 
middling to justify re-grinding and re-treatment, clean concentrate and finished tailing are 
made on each deck and the use of multiple decks is resorted to only in order to increase 
capacity per unit of foor space. Where both series and parallel types are used in a mill, as at 
WITHERBER, SHERMAN Co., the series type is used on coarser feeds, say +(6-in. and the 
parallel type on the —6-in. material. Usual BELT wiprTHs are between 18 and 30 in. 
Capacity of a 24-in. machine on — 4-in. crude magnetite ore is 20 to 25 tons per hr.; RocuE 
(115 J 972) gives the capacity on magnetite ores crushed to pass 2.5-mm. as 1 long ton per 
ft. of belt width per hour but this is undoubtedly low. Capacity varies nearly in proportion 
to diameter of feed within the range of sizes treatable. Capacity is increased and grade of 
products is bettered, if feed is closely sized. At Mr. Horr (99 J 563) the sizes treated 
are: —5({6 +346-in., —%6 + %-in. —% +Yo-in.and —Ye-in. At RepLtocie Stern Co. 
double-deck separators are of the parallel-type, with 26-in. 2-ply belts and 10 magnets per 
deck. Speed of feed belts is 209 ft. per min.; magnet belts, 335 ft. per min. Average feed 
rate, 15tonsperhr. Sizing tests of feed and products are givenin Table 5. Average assays: 
Feed, 31.4 per cent. Fe; concentrate, 61.1 per cent. Fe; tailing (middling) 27.0 per cent. Fe. 
Iron in tailing is mostly hematite. 


Table 5. Sizing tests of feed and products of Ball-Norton belt-type separators 
at Repiogie Steel Co. 


Coarse feed, weight, per cent. Fine feed, weight, per cent. 
Screen | 
. Concen- See Concen- “ye 
Feed Pate Tailing Feed eae Tailing 
0.125-in. LOWS pilisvercetegererotoro)(4 ohceste, Sekebioal eee ote Gael NING. cetyl ee 
10-mesh 8.0 25.6 SPC RRM eee OR Me hae gee me 
20 42.4 31.8 CS me | PRR eters | ly A a) a Dee atari 
40 20.3 28.0 11.8 33.0 26.6 32.9 
60 8.1 6.8 5.0 27.8 48.2 40.0 
80 Se) 2.0 bei 10.7 4.4 8.1 
100 1.8 1.5 0.5 5.9 4.4 5.8 
Through 100 5.8 4.4 Darl 22.6 16.4 T3e2 
| 


The same-sized separators at the same belt speeds are used to treat —20-mesh product 
at the rate of 10 tons per hr. Sizing tests of feed and products are given in Table 5. Average 
assays: Feed, 32.7 per cent. Fe; concentrate, 59.1 per cent. Fe; tailing, 19.9 per cent Fe 
(hematite; to gravity mill), ‘ 


7. Cleveland-Knowles separator 


This machine (Fig. 9) is a relatively low-intensity machine that has had 
considerable vogue in the treatment of roasted blende-pyrite middling in the 
Wisconsin zine district. It differs from the machines thus far described in that 
the magnetic material comes directly in contact with the primary-magnet poles 
and is removed mechanically by scraping, both of which practices are bad. 
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Feed is introduced over a suitable feeder from hopper (a) onto feed belt (b) and carried 
under and into the magnetic field of magnet (c). The essential parts of this magnet are 
shown in Fig. 9, b. A cylindrical 
cast-iron core (d) with beveled flange Axis of revolution fy g 
constituting the pole piece carries the ook 
winding (e) and a flanged shell (f) | =77= Y 
supported by the circular bridge plate — = H 
(g), the shell forming the other pole. 
The annular gap, 14 in. wide, between 
the beveled pole pieces is filled with 
east metallic zinc, which, being dia- 
magnetic, crowds the external field into 
the air space below. Magnet (c) re- 
volves at about 40 r.p.m. and is of 
greater diameter than the width of the 
feed belt. Magnetic material lifted 
from the belt by the ficld of this first 
magnet bridges across the gap and is 
carried out to the sides and there 
scraped off into hopper (h). Material 
remaining on the belt passes to the : 
second magnet (2), which is made of = : A 
magnet steel, is more heavily wound 
than the first, and has a stronger field. Fra. 9.—Cleveland-Knowles low-intensity 
The less-magnetic material is re- separator. 
moved here in a similar manner. Non- 
magnetic tailing passes over the head pulley of the feed belt. Usual speed of feed belt is 
about 100 ft. per min. Current on first magnet ranges from 0.5 to 2 amp. and on second 
from 3 to 10. Machine is made in two belt widths, 12-in. and 21-in. Capacity on roasted 
pyrite-blende concentrate, —%6-in., is about 1 ton per hour per foot of belt width. 

Performances on roasted zinc-iron ores from various camps, compiled from figures fur- 
nished by the menufacturer, are shown in Table 6. 


il 
CA 


Table 6. Performances of Cleveland-Knowles separators on roasted pyrite-blende 
products. (United Iron Works Co.) 


Assays, per cent. 
Source of material Feed Concentrate Tailing 
Zn Fe Zn Fe Zn Fe 
OWT, ANLO% 6 sos ctaresysur'0 « 30.50 20.96 64.28 0.93 1.23 49.33 
(Galena, GOAN. 5c. ks boc. 46.00 11.90 62.10 0.90 7.8 58.10 
Meeker’s Grove, Wis....| 44.30 12.36 58.75 0.99 5.40 51.00 
COMCOLO. ..:e.5acere ste ea 39.40 16.60 56.80 1.40 5.50 48.60 
SyzhaVa lohan 8a OSE Ten en tee eee 44.45 10.10 54.10 4.81 3.80 34.55 
arin G@ity.), Uta csc 43.97 9.45 55.19 1.24 15.80 40.28 
Meadville, Colo... 5... .. 27.55 26.33 48.99 5.94 4.36 53.96 


8. Dings tray-type separator 


Dings reversing-field induced-magnet type separator is shown in Fig. 10. 
This is a low-intensity machine for treating highly-magnetic materials. The 
essential parts are the two fixed primary electro-magnets (a) with pole pieces 
(b) suspended above the feed tray or belt and shaped as circular arcs with 
chords equal to the tray width. Cast-aluminum, brass or bronze circular 
plates (c) about 26-in. diameter, carried on gear-driven inclined shafts (d), 
carry on their periphery Y-shaped laminated-steel segments (¢) 1 to 2 in. long 
and spaced a similar distance edge-to-edge. The upper part of these segments 
closely engages the arc-shaped poles of the primary magnets while the lower 
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ends barely clear the bed of feed in the shaking tray (f). A steel bed-plate 
(9) underlies the tray and the magnetic circuit is substantially that indicated 
by the dotted lines (1) passing through core (a) and pole pieces (b), seg- 
ments (e), air gaps between (6) 
and (e) and between (e) and (g), 
and completed through bed-plate 
(g). The segments at any given 
time above the tray are, therefore, 
magnets and lift magnetic material 
from the mass on the tray. As 
plate (c) revolves, any given seg- 
ment passes out of the field of a 
given pole as it approaches the 
edge of the tray or belt and as it 
does so loses more and more its 
induced magnetism until it reaches 
the diameter perpendicular to the 
tray axis when its magnetic flux 
becomes zero. Further revolution causes it to approach the opposite pole 
of the primary magnet where induced magnetism of opposite polarity is 
effected. As a segment carrying magnetic material leaves a primary pole 
the least magnetic material is dropped out, due to the decreasing strength 
of field, and at the neutral point the most highly magnetic material is 
dropped. Since the diameter of the segment circle is 8 in. greater than 
the width of the tray, the magnetic concentrate drops clear of the tray 
into chutes (7) provided to receive it. The second magnet usually has more 
ampere-turns than the first, thus allowing it to pick up the magnetic material 
that the first passed, and the air gap of the second is adjusted to a smaller 
distance than the first. This adjustment is effected by changing the length 
of the tray-suspension rods (7), by means of hand wheels (k). Thus concen- 
trate is delivered into hopper (%), middling into hopper (2) and tailing from 
the lower end of the tray. 

In another form of the same machine, the shaking tray is replaced by a 
rubber conveyor belt. The tray type is superior where hot roasted ores are 
being handled or where agitation of the feed is necessary to prevent entrain- 
ment of low-grade material in the concentrate; the belt is quieter and gives 
less trouble mechanically, 


Fic. 10.—Dings tray-type low-intensity 
separator. 


The standard width of belt or tray is 18 in. The tray is vibrated 450 to 500 times per 
min. and slopes about 4 in. per ft.; the belt is horizontal and runs between 50 and 100 ft. 
per min. Current drawn is about 2 amp. on the first magnet and 3 on the second. 
Capacity on roasted zinc-iron concentrate passing 3(6-in. screen is about 1 to 2.5 per tons 
per hour. 

Performance. Roasted zinc-iron concentrate, Wisconsin (107 J 1110). Material 
was passed over two machines in series, the first a 2-disk shaking-tray rougher, and the sec- 
ond a I-disk belt-type finisher. Shaking tray was made of maple with !4-in. pressed asbes- 
tos liner, sloped 4 in. per ft. and vibrated 450 times per min. Magnets over first rougher 
disk drew 2 amp. at 225 volts when heated to 100° F.; over second disk, 3 amp. at the same 
temperature. Tips of secondary poles were spaced 34 to 4% in. above the top of the tray 
liner. Finisher had two 12-in. feed belts running at 70 ft. per min. and discharging at the 
center of the machine under an armature of solid steel 24 in. diameter and 6 in. thick, revoly= 
ing on a yertical shaft. Primary-magnet poles were 34 to 7% in. below the lower face of the 
revolving armature. These magnets had 6-in. cores and carried a current ranging from 9 
amp. minimum cold and 7.5 amp. hot to 19 and 15 amp. maximum respectively. Capacity 
of the two machines was 40 to 45 tons per 24 hr. Cost of roasting and separating (1919) 
was $1.28 per ton, excluding overhead, 
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9. Knowles magnetic-belt separator 


This machine (Fig. 11) uses the inductive principle to produce magnetism, 
during a part of their path, in soft-steel studs fastened to an endless belt. 
Referring to the figure (qa) is 
a hopper feeding the electri- 
cally-reciprocated tray (b). 
The endless belt (c) is studded 
with about 200 soft-annealed 
steel rivets per square foot 
of area, heads on the pulley 
side, each rivet carrying a 
saucer-shaped washer with 
serrated edges. The belt 
passes around the pulleys (d) 
and around the adjustable di- 
recting roller (¢) and travels so 
that the downwardly-sloping 
part goes with the feed stream. Fie. 11.—Knowles magnetic-belt separator. 
The primary electromagnet 
(f) is mounted on the frame so that the studded belt passes through the air gap. 
The upper pole only is wound. Both poles are chamfered to concentrate 
the magnetic flux and the upper is cut out to accommodate the directing 
roller (e). The studs in that part of the belt between the poles become power- 
ful magnets by induction and attract magnetic particles from the feed while 
the non-magnetic particles slide down the tray into the tailing compartment 
(g). Intensity of magnetization in the studs is varied by varying the primary 
current and by changing the air gap between belt and upper pole by means of 
roller (ec). As the magnetized studs pass to the left of the upper pole the 
induced magnetism weakens and they come more under the influence of the 
lower pole, the cylindrical pole-piece of which projects forward as shown. 
As a result their polarity is reversed. During the early part of this period 
of decreasing magnetism and changing polarity the least magnetic material 
leaves the studs and falls into compartment (h), constituting a middling. At 
the time of reversal the most magnetic material is dropped into compartment 
(4) as concentrate. By adjustment of splitters (7) considerable variation in 
the character of the products taken with a given electrical adjustment is pos- 
sible. 

Usual belt sprep is 200 to 250 ft. per min. Machine is made in belt widths from 6 to 36 
in. and capacity on roasted blende-pyrite concentrate, — 3(6-in., is slightly more than 1 ton 
per in. of belt width per 24 hr. Current requirement at 110 volts ranges from 3 to 20 amp., 
depending upon the size of machine and the ore treated. 


High-intensity machines are used for separating minerals that fall in the 
weakly magnetic class in Table 1. These machines must have very powerful 
magnets and a small air gap. As a result of this last requirement the feed 
must be relatively fine, it must, be spread in a thin layer, best not more than 
one grain deep on the feeding surface, and, consequently the capacity of the 
machines is low in comparison to that of those treating strongly-magnetic 


material. 
10. Wetherill separator 


The Wetherill separator (Fig. 12) consists essentially of a flat-pole magnet 
(a) below and a wedge-pole magnet (b) above a flat conveyor belt (c) carrying the 
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feed stream. The lines of magnetic force converge sharply froin the flat lower 
pole toward the lower edge of the upper pole so that magnetic particles travel 
toward the upper pole despite their greater 
proximity, when on the feed belt, to the 
lower pole. Cross belts (d) run directly 
under the upper poles in a direction at 
right angles to the feed belt and when mag- 
netic particles rise from the feed belt toward 
the upper pole they come against the under 
side of these belts and friction causes them 
to be carried off to one side where they dis- 
charge into proper receptacles as concen- 
trate. Removal is facilitated by a horn- 
shaped picce on the front side of the upper pole, by means of which the inten- 
sity of the field at this point is lessened. Non-magnetic tailing discharges over 
the head pulley of the feed conveyor. 


Fig. 12.—Wetherill magnetic sep- 
arator (high-intensity type). 


The machine is made with two, four or six poles and with feed-belt widths of 6 to 18 in. 
Fach pair of magnets, 7.e., a 2-pole upper and a 2-pole lower, is wound in series to bring 
opposite poles together, and is provided with a separate ammeter and rheostat with small 
increments. The lower magnets are adjustable in\jorder to bring the pole pieces level under 
the feed belt, the upper have an operating vertical adjustment by means of a hand wheel. 
Speeds of feed and take-off belts are adjustable by means of cone or step pulleys. Table 7 
gives manufacturer’s data on the various mill sizes. Width of poles is 18 in. in all machines. 


Table 7. Sizes of Wetherill separators 


Magnet wound for ampere turns | Maximum 
Number amperes |Shipping 
of at 110 volts} weight, 
poles First Second Third direct pounds 
magnet magnet magnet current 
2 SOLOOOS yt RE See 6 14,000 
2 G0; 000r. lahat aoe ae 14 15,000 
2 TOO OOO Mal cmevena seh Se «| 5 tycnerwacavers 30 16,000 
4 30,000 COROOO MN ecterce. as eg 20 22,000 
4 30,000 POOLOOOCS oer. stertrs ct 36 23,000 
4 60,000 100; 000M FEARS 44 24,000 
6 30,000 60,000 100,000 50 30,000 


Effect of adjustments. Variation In CURRENT strength varies the strength 
of the magnetic field and consequently, if the pole distance remains constant, 
the character and amount of products lifted from the feed belt. Too great 
current strength causes concentrate to cling under the upper poles and fail to 
discharge uniformly, with the result that clusters of concentrate build up and 
are scraped off by the feed belt or crowd material off the feed belt. The 
current drawn varies from about 5 amp. on the first magnet of a 6-pole (3- 
magnet) machine to 35 amp. on the last magnet. Variation in PoLE pis- 
TANCE 1s an Important adjustment. If the pole distance is too great, current 
strength must be increased in order to make the desired recovery and difficulty 
in discharging concentrate results, as explained above. With too small pole 
distance the cross stream of concentrate brushes gangue off the feed belt into the 
concentrate receiver and thereby lowers the grade of concentrate. Pole dis- 
tance depends upon the permeability of the concentrate and upon the size of 
feed particles. It may be as great as 1 in. plus the thickness of the feed belt 
(usually 14 in.) on coarse material of relatively high permeability while it may 
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need to be as small as 1% in., 
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if the permeability is low and the feed fine. 
Thickness of feed belt is preferably less than 14 in., if the concentrate is very 
feebly magnetic; Yi -In. is, however, the practical minimum. The take-off 
belt shculd be and is made as thin as possible, usually about 4» in. thick. 
SPEED OF BELTS affects capacity and recovery. 


The feed belt is run as rapidly 


Table 8. Adjustments of Wetherill-Rowand separators at New Jersey Zine Cos 
Franklin mill 


Magnet separator number.| 1 2 3 4 5 6 7 8 9 10 
Number of machines for 
eachisizerrs ie Atye.0). Bie 2 2 2 2 2 4 4 4 4 
Capacity in tons per hour.| 2.25] 0.75 |2.30|3.15]3.75]4.30/1.88 | 0.63 | 1.93 | 2.63 
Size of feed, in., through..| .010] .011] .013} .016] .020] .025] .010] .011 | .013] .016 
Size of feed, inches, on. ..}|.0058} .010} .011] .013 |] .016 | .020].0058] .040] .011 | .013 
Speed conv. belt, f.p.m...} 290 | 290 | 272 | 272 | 253 | 253 | 160 160 144 144 
Speed take-off, f.p.m.: 
lend AE ARE 1045 | 1045} 996 | 996 | 962 | 962 | 764 | 764 | 683 | 683 
Poles 2s war iisresinen ce 64 718 | 718 | 696 | 696 | 672 | 672 | 683 | 683 | 656 | 656 
OMENS on tareta us ns Awl ee spaicil| eres cL meee el ween Cetchend soatete 656 | 656 | 569 | 569 
JEG CU eR Ae Pe ei eet boom || Feces oust tS bal bie Nes 569 | 569 | 547 | 547 
ONG Oi 2 ood sop.ae: ah eaus £0 oes" | keith ae Re ee rere ep cys esas el RS AN oe pay alee eae Aeon: aes 
BEZOLO Oba eer ie cy tc chet tutte sieaeslfntar aureeeh | SSRN tee el re coal ate oie ote Rees eee opel etre cea tt mais call mene 
Air gap, 64ths inches 
lS cheer yrs apevetibes 20 22 24 26 28 30 20 22 24 26 
TORO RA, SAAR pai nie 0s 16 18 20 22 24 26 16 18 20 22 
1 EXO ae RP ety ory “emmecseee | of eh a lite gate | canary pice erat hehe |x Tee 12 14 16 18 
LEO heed platter es ae te bel Italo cuckoo he week celta earn aN ia aacate 8 10 12 14 
BEL CNG) Oe ee eee Cate me AR ree | MORN 2 IIMB ES | Pe NIG. SAP Eee eaa1 | PR te eT ED eb all Cer 
POLS GE ORL AW BARGE. OE wel Al easier le onto et alee recites |b che oie nana 
Energizing voltages...5..| 125 | 125.) 125.) 125°) 125 | 125. |, 125 125 125 125 
Current, amperes: 
ia enete NO ted ese nics wee iOnrer Oe Col e2o: |i. ee. Queer arts Ua Cal Uae as aCe al ee Cet 
Magnet No. 2. Bosh sn ek Boru leery Os tenaln ae DED ON rata tes DOO ae leet. canto: 
Magnet No. 3. fe AL Jc fa apt ul Se Lil a as G20 ee ae. ay Aim odeeuere eerie tara 
Power consumed, ‘hp... 1 1 1 1 1 1 %/1%/11%4%/1% 
Attendance, machines per 
LOG TIRE Pe elses HS ti 6 6 6 6 6 6 6 6 6 6 
Per cent. of lost time....| 8 8 8 8 8 8 8 8 8 8 
4 
Magnet separator number.| 11 12 13 14 15 16 17 18 19 20 
Number of machines for 
CACWISIZOY sPosehe sh cage oe 4 4 4 4 4 4 4 4 4 4 
Capacity in tons per hour.| 3.13 | 3.58] 1.63 )1.78 | 1.93 | 2.08 | 2.20 | 2.33 | 2.45 | 2.63 
Size of feed, in., through..| .020] .025] .031 | .038 | .046] .055]| .065 |] .076 | .088 101 
Size of feed, inches, on...| .016] .020] .025] .031 | .038] .046| .055 | .065 | .076 | .088 
Speed conv. belt, f.p.m...| 128 | 128 | 118 | 115 | 113 | 110 | 108 | 105 | 103 | 100 
Speed take-off, f.p.m.: 
OVOMI A tee cmere snarictenees te 656 | 656 | 500 | 510 | 520 | 530 | 540 | 550 | 560 570 
Ole eter vintners 569 | 569 | 500 } 510 | 520 | 530 | 540 | 550 | 560 | 570 
LOOT outs ene oe eee 547 | 547 | 4388 | 446 | 455 | 464 | 47: 481 490 500 
ROGAN Te foc M tang tee 456 | 456 | 488 | 446 | 455 | 464 | 473 | 481 490 500 
Polsto Ee. ic eo eee oe ole eae 6 375 | 383 | 390 | 398 | 405 | 413 420 428 
Saher 5 ae te Bec teeie ol here areal | Peoiaac 8 375 | 383 | 390 | 398 | 405 | 413 | 420 | 428 
ir gap, 64ths inches 
= Ge 1 Sheen Jape coe 28 30 32 34 36 38 40 42 44 46 
POO. ee a hab Bates 24 26 28 30 32 34 36 38 40 42 
Poles. Oe 8 ee RO, 20 22 24 26 28 30 32 34 36 38 
120) CSF GURL Be Bid Oo HO es SER 16 18 20 22 24 26 28 30 32 34 
IRolethi PT. EIS asst aacillises Alea 16 18 20 22 24 26 28 30 
TPG Ae thal) OT ey Oe eee 12 14 16 18 20 22 24 26 
Energizing voltage.......| 125 | 125 | 125 | 125 | 125 | 125 | 125 | 125 | 125 | 125 
rent, amperes: 
eee Auge Leda glee 94 ORS enh es OR Nt a he: OE ON tt Nee OMSu i Maas 
Magnct No. 2. OES 20m Sage Pea S Wes eae 220) atic: DiOial ae 1.25] ease 
Magnet No. 3.. PeilOt 25), <akest Ont Balee dex SUAS Laem ed 10.0 40:0 “ae 
Power consumed, hp.. 14%)/1%4%),14%)/14)/14%)/14%)1%)/1nAz|14|] 1h 
ndance, machines per 
Nee THAT tea. cits 6 6 8 8 8 8 8 8 8 8 
Per cent. of lost time..... 8 8 8 8 8 8 8 8 8 8 
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as possible, in order to make capacity as large as possible, but if ore is fine, 
dusting limits the speed to between 200 and 300 ft. per min., while on coarser 
material a limit is imposed by the inability of the magnetic field to overcome 
the momentum of the particle. From this point of view, of course, the speed 
for feebly magnetic materials must be least and feed must be fairly uniform in 
size, while greater speed and less uniformity in feed size are allowable with 
more permeable substances. Effect of size of feed on speed is shown in 
Table 8. The usual speed of the feed belt is from 50 to 100 ft. per min. 
on feebly magnetic materials and from 100 to 300 ft. per mun. with 
material of medium permeability. WipTH oF FEED BELT also affects capacity 
but is practically limited to 18 in. because of the fact that with greater width 
the mass of material on the-take-off belt is so great that it scrapes gangue off 
the feed belt-unless the pole distance is made impossibly great. Ratio of 
concentration affects width of feed belt, a low ratio with the correspondingly 
great bulk of concentrate requiring a narrower belt than a high ratio. SPEED 
OF TAKE-OFF BELT is limited by the kind of material it is removing and the 
size of particles. It may be higher with strongly- than with weakly-magnetic 
material and higher with fine than coarse particles. 

Richards gives 1000 ft. per min. allowable with, strongly-magnetic concentrate and 200- 
ft. per min. for feebly magnetic. Removing franklinite at New Jersry Zinc Co., the speed 
ranges from 570 ft. per min. on 2.5-mm. material to 1045 ft. per min. at 0.25-mm. (See 
Table 8.) The take-off belts on the early poles may run more rapidly than those on the 
later, as is likewise shown in Table 8. Speed of take-off belt is the limiting factor in the 
capacity of a machine when the ratio of concentration is low, while speed of feed belt limits 
when ratio is high. Young (106 J 868) recommends not more than 50 to 100 lb. per hr. 
per cross belt for a 6-in. machine. Capacity on wolframite-cassiterite ore is as low as 0.75 
ton per 24 hr. on account of fineness and necessity for clean products (120 P 879). The 
feed must be perfectly dry in order to permit free movement between particles and not too 
fine or slime will stick to the feed belt. 


Performance. At New Jersny Zinc Co., Franklin mill, 6-pole 18-in. Wetherill-Rowand 
machines (Fig. 13) treat an ore containing franklinite, willemite, zincite and calcite and make 
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franklinite as concentrate. Two or more products are taken from each cross belt by means 
of the hoppers (1) and (2), ete., the most magnetic material being thrown farthest. Gangue 
swept off falls into (3) and thence by conveyor (4) back to the feed end. Adjustments are 
shownin Table 8. Anapproximate mineralogical analysis of the products of one separator 
is shown in Table 9. At ALconquiIn min», Philipsburg, Mont. (116 J 181) pyrolusite and 
psilomelane occur in a silicious gangue. A Wetherill 6-pole machine (see Table 7) takes feed 
between 5- and 10-mesh. Speed of feed belt, 95 ft. per min.; take-off belt, 250 ft. per min. 
Concentrate from the first pole contained 10 per cent. Fe and was rejected; other poles deliv- 
ered concentrate assaying 75 to 80 per cent. MnQOg; tailing assayed about 10 per cent. 
MnOz. A second machine of the same type treating material — 10 + 100-mesh made sim- 
ilar products except that the product of the first pole contained about 20 per cent. Fe. 
S. ano M. Synpicarr (120 P 879). Feed: gravity concentrate containing wolframite, 
bismuthinite and cassiterite; 4-pole separator; weak current on first ¢wo poles removed 
magnetite and pyrrhotite; later poles with strong current removed a wolframite concen- 
trate assaying 73 per cent, WO3, 0.7 per cent. Sn and a trace of Bi; non-magnetic product 


Art. 11. ROLLER-TYPE HIGH-INTENSITY SEPARATORS 923 


Table 9. Mineralogical analysis of products of a Weetherill-Rowand separator 
at the Franklin mill, New Jersey Zine Co. 


Products 
First magnet Second magnet Third 
Misa cagend Tish Second roaeney ; 

Feed | First aa ral. oben SS Peles ery boop 
jl $ ing 

pole First | Sec- 

In- | Out-] In- | Out-| In- | Out-| pole | ond 

side | side | side | side | side | side pole 

Magnetite......... Dr Aa Ted. wets. ACTS CD Ferrer |e areceet| ccreeeir arg ovens, A ge cal cen ee 

Franklinite........ 28.6 | 42.3] 60.2] 81.0 | 26.7] 80.9] 29.9| 63.2! 50.4] 26.2] 2.9 
‘STOTT! Neean apenas ONS | DEL 3 OTOq TOC AO) Olt 2.6 SMe Olle Oss met). ne 
Rbodonite 2 | 22 OM: OTS, Sa 1290) 8) Ole 2 Gal28 | Gas eS ON yack 2.6 
Rhodochrosite...... L- 83) 2023) OFA 210) 23 Biss 130) Sil OT Or 22 6-O)| eaee 1.4 
Meare gc Mere: cnn Si ne ONTO = 324 Or otl OA SRO) aoe Aalco ge 3.7 
VINCR Sete Ph ee swe cee gat? bi ieee ol arenes aural MRS iedene a EEN ae. 0.51 0.6 1.4 
Ghlorites? (907E. 1 OATH: shah. Ava ere, DESH Rio al Siacee ell ophetes col ewe emt aeate chore ten des 
Aremolites. . wrench. “by hescive OE Real ayo RANE | acre | cette ve ees carl ticles See ick cree 
LDCS 5 ee eet OL abel thene (Wert lain te Oe2 |e < ree OLS ieee 1.8 4.4 
WET EC 5.0). 5 peso 2 ns (iar (lsh Rees Oxon Oh O20} 2H Oeeil 2.0) 27S 
CACO ae ee eT NO keel] Ovo or7 i O.2 | 4.8) 2.6 6.6) 12.7 48.6 
ulpniaes platen Mens! WISN. fe fadeerdos|. cdc] been O93: eta eel Riese 0.6 
OTL RE ot act eas] create sel oats diay coeyere lle ooSoyed «ne cee 1 Sa 18 ect ae oe 4 0.4| 0.1 2.1 
Middling.........% 14.0),10.2,) 31.5) 16.9 | 34.67) 15.0) 31.6.).21.4 / 15.1 (2133 4.4 


contained 63 per cent. Sn, 4 per cent. Bi and upward of 2 per cent. WOz depending on the 
amount of scheelite (non-magnetic) present. Recoveries were about 97 per cent. WO 3 and 
99 per cent Sn. At Saxipt-Srp1-Yousser, Algeria (97 J 899) a modification of the Weth- 
erill machine (Fig. 14) was used to treat roasted blende-pyrite concentrate, assaying about 
30 per cent. Zn before roasting. Belt (a) 
(14-in.) traveling at 175 ft. per min. carried 
the feed stream between two sets of powerful 
primary electromagnets (b) (c), with wedge- 
shaped pole pieces, the upper pole of (b) and 
both poles of (c) being enclosed in metallic 
drums. The first magnet drew 7 to 9 amp. 
at 40 volts and the second 10 to 12 amp. at 
the same voltage. Magnetic material drawn 
up against the first drum was thrown onto 
cross-belt (d) and thence discharged. Action 
at the second magnet was similar to that of 
a Mechernich separator (Art. 11). Two sizes 
were treated on separate machines, viz.: —3 
+1-mm. and —1-mm. Each separator made . ? 
four products: (1) highly-magnetic iron prod- Fic. 14.—Wetherill-Mechernich sepa- 
uct assaying 17 to 18 per cent. Zn, (2) a less rator. 


highly-magnetic iron product carrying 19 to 20 
per cent Zn, (3) a zine-iron middling assaying 27 to 28 per cent. Zn and (4) blende concentrate, 


42 per cent. Zn. The last two products were mixed to yield a salable product assaying about 40 
per cent. Zn and representing about 90 per cent. of the zinc in the original feed. Roastina 
was done in a 5-hearth McDougall-type furnace, and cooling in a multi-tube rotary cooler, 
each tube individually water-jacketed; tubes were about 2.75 in. diameter; slope, 7 per 


cent.; 8r.p.m. 


11. Roller-type high-intensity separators 


In these separators the feed is brought directly in contact with a pole or 
poles of the separating magnet, separation of the non-magnetic material is 
effected by gravity in the strongest part of the magnetic field and the concen- 
trate is thrown off the roller by gravity and centrifugal force when it reaches the 


weak or neutral portion of the field. 
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Mechernich separator consists of two drums, the upper revolving and the 
lower stationary, set with axes horizontal and lying in a plane slightly inclined 


from the vertical. 


Fig. 
rator. 


15.—International sepa- 


These form the pole-pieces of a powerful electromagnet. 


The external magnetic flux is concentrated in 
the plane of the axes. Feed is brought by a 
properly designed chute to the underside of the 
upper roller, the non-magnetic material im- 
mediately drops away while the magnetic clings 
until it reaches a weaker part of the field, 
where it leaves the roller under the combined 
forces of gravity and centrifugal action. 

* This separator has had considerable use in Europe 


and has been used to separate rhodonite from blende 
at Broxen HI... 


International separator (Fig. 15) places a 
revolving roller (a), built up of alternate ra- 
dial projecting laminae of magnet steel and 
depressed laminae of non-magnetic material, 
between the poles of a powerful electromagnet. 


Induction causes each steel lamina to become a secondary magnet with field 
converging from the primary-magnet pole toward the projecting lamina; this 
field is most intense when the lamina is horizontal and becomes zero when the 


polarity of the strip reverses In passing from one pole to the other. 


Feed is 


introduced near the top of the roller in the direction of rotation, non-magnetic 
tailing discharges by gravity at or near the horizontal axial plane, while mag- 
netic concentrate carries around on the under side until gravity and cen- 
trifugal force dislodge it near the bottom or lower neutral point of the roller. 


Sprerp of roller is 75 to 
100 r.p.m.; Richards gives the 
capacity of a machine with 
24-in. roller as 2 to 4 tons per 
hr. ; 

Motor separator is similar 
in general build and operation 
to the International except 
that the separating roller or 
armature is composed of a cop- 
per or brass shell with inner 
core of alternate disks of mag- 
net steel and non-magnetic fill- 
er suitably wound to cause it to 
revolve when current is passed 
as well as to set up induced 
magnetic fields on the surface. 
No mechanical drive is neces- 
sary. The roller is about 30 in. 
long. This separator has been 
used in Europe to separate side- 
rite from blende and at Broken 
Hill to make rhodonite as 
the highly-magnetic product, 
blende as intermediate, and a 
galena-quartz tailing. 


Ullrich separator (Fig. 
16). The essential parts 
are one or more concentric 
rings of wedge-sha ped 


| 


3" 2 eee 


0 


--------6 


Fic. 16.—Ullrich separator, 
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pieces of soft iron (e) carried depend- 
ing from a revolving table (d); 
powerful fixed magnets (a), radially 
disposed, with windings (b) and flat 
pole pieces (c) for energizing the sus- 
pended wedge pieces by induction; 
feed devices (k) that lead the feed 
in a thin uniform stream between 
the primary and secondary poles; 
suitably disposed receiving spouts 
(1) and (m), alternating with the 
fixed primary-magnet poles, for mag- 
netic material, and a common cen- 
tral hopper (mn) for tailing. As the 
wedges come over a pole and feed 
chute in the course of their revolu- 
tion a strong magnetic field converg- 
ing on the wedge is formed and 
magnetic material is drawn from 
the feed sole to the induced pole. 
On passing to the next radially dis- 
posed pole, which is of opposite 
polarity, the induced magnetism re- 
verses sign and magnetic material 
is dropped or removed by a scraper. 
By varying the air gap between 
successive rings of secondary poles 
and the poles of the primary magnet 
from a maximum at the outer ring 
to a minimum at the inner, fields 
of increasing intensity are traversed 
by the radial feed streams, thus per- 
mitting the production of several 
classes of product in a very small 
space. The separator is made for 
either dry or wet service. In dry 
service the feed channels are shaking 
trays or traveling belts about 6 to 8 
in. wide; in wet, they are shallow 
launders. In wet work the -revolv- 
ing table (d) is filled with water and 
discharges through pipes to form 
water sheaths around the wedges. 
These sheaths are continuous with 
the liquid in the feed launder (by 
reason of the small pole distance 
and the high surface tension of 
water) so that the movement of 
magnetic material to the poles is 
made under water. 


Performance. Kranafeldt, writing as 
the distributors’ representative (34 CMJ 


Performances of Ullrich separators 


Table 10. 
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708), states that the capacity on strongly magnetic material at 2-in. size is 7 tons per hr. while 
with fine material of the same character 4 tons per hr. can be treated. Capacity on feebly 
magnetic material passing a 3-in. screen is said to be 0.5 to 3 tons per hr. The data on 
performance in Table 10 are from the same source. 

Wet machines, treating blende-siderite ore in Sarpmnta (100 J 911) were fed material 
sized between 7- and 4-mm., 4- and 2-mm. and through 2-mm., each size on a separate 
machine. Feed pulp contained about 20 per cent. solids. Combined capacity of the 
three separators was 2.5 to 3 tons per hr. Power, 1.5 hp. for driving and 10 amp. at 125 
volts for excitation of each machine. Assays: Feed, 34 per cent. Zn and 38 per cent Fe; 
concentrate, 53 per cent. Zn and 5 per cent. Fe; tailing, 2.5 per cent. Zn and 48 per cent. Fe. 
Recovery 96 per cent. Zn; 90 per cent. of siderite eliminated. 


Rapid separator (Fig. 17) is another high-intensity machine in which power- 
ful fields are induced in sharp-edged secondary poles overhanging the flat-pole 
5 primary magnets (a) placed below the 
b Tailing upper run of an endless-belt conveyor 
.) (b). The secondary magnets are 

ly saucer-shaped rotating disks (c), with 


= diameter several inches greater than 

ELEVATION A the width of the belt. Any given 

LJ point on a disk, when over the belt is 

Feebly Feebly feebly also over the pole piece of a permanent 
magnetic magnetic magnetic magnet and therefore becomes magnet- 


Nol, san NOg gt MF isan ized and lifts magnetic material from 


the belt. As the disk revolves, this 


Iron ore, *& Feely feeb 5 point travels to one side, induced mag- 

highly ° magnetic’ magnetic netism is lessened, finally passes through 

magnetic eorak Not zero 1n reversing polarity, and its load 
Diagrammatic Sketch of of magnetic material is discharged . 

Rapid Separator. under the combined influence of gravity 


and centrifugal force. By tilting the 
axes of the disk shafts as shown, the 
effective strength of the secondary magnetic fields may be varied with the 
result that successively less-magnetic products are discharged as indicated 
in the figure. 


Fic. 17.—Rapid separator. 


Laboratory machine has a feed belt 6 in. wide, commercial sizes are 12 and 15in. Usual 
CURRENT requirement is from 2 to 10 amperes. Belt sprep depends on magnetic character 
of the feed, but will range from 50 to 200 ft. per min. Capacity may be estimated from belt 
speed and size of feed. 

Performance. At Srorry’s Crepx, Australia (18 MM 266), wolfram-tin separation is 
made. The feed contains 50 to 66 per cent. WO3, magnetic concentrate assays 70 to 74 per 
cent. WO; and non-magnetic product 65 to 68 per cent. metallic tin. Capacity of separator 
is 1.5 tons per 24 hr. 


12. Wet magnetic separation 


Wet magnetic separation has lagged behind dry on account of the greater 
mechanical difficulties in presenting feed to the magnets and in cleaning con- 
centrate. However, when the magnetic mineral is very finely disseminated, 
as is the case with many of the Swedish magnetites, certain of the Adirondack 
and Pennsylvania magnetite deposits, and the low-grade Mesabi- magnetite 
ores, wet separation is essential. This is because with finely-divided feeds 
practically absolute dryness is necessary to permit freedom of movement 
between the particles on the feed sole, and with such dryness dusting is exces- 
sive. Furthermore powdered apatite clings with extreme tenacity to magne- 
tite particles, so that when this common constituent of magnetite ores is pres- 
ent the concentrate will be high in phosphorus. 
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. At Cornwatt, Pa., it was found (56 A 901) that tale clung to the dry concentrate par- 
ticles to such an extent that it was impossible to raise the iron content above 52 per cent., 
while by wet separation 58-per cent. concentrate was readily obtained. 


With dry feeds finer than 30-mesh it is necessary to remove dust before 
- concentration, or low-grade concentrate results. Many operators state that 
when it is necessary to grind to )-in. or less in order to free the mineral, wet 
separation is preferable to dry. 

In general, a stronger field is required to concentrate a given ore wet than 
dry. The speed of presentation must be slow and carefully regulated. If the 
feed is in a swiftly flowing stream, it is practically impossible to regulate the 
field properly and either the whole stream will pass by or practically the whole 
stream will be lifted. Many machines have been devised and patented for 
such service, but the number of successful machines is small. The best known 
are the Ullrich (Art. 11), Gréndal, Heberle, Dings-Roche, and Dings cross- 
belt machines and Davis magnetic log washer. The first two have been used 
to a considerable extent in Europe, the Dings-Roche in New Jersey and the 
Davis machine at the Mesabi Iron Co. All these have been used on highly- 
magnetic iron ores; there are but few instances of the successful use of high- 
intensity machines on wet pulps, the Weatherby machine at Northern Ore Co. 
(p. 169) being one. 

In most wet magnetic separators the medium in which separation takes 
place is water instead of air. The permeability of water is, however, substan- 
tially the same as air so that no difficulty is met with on this score. It is 
advisable, however, that the separating surface dip into the water in order to 
eliminate the complication arising from the presence of a gas-liquid interface 
through which either tailing or concentrate or both must pass. Such an inter- 
face is the seat of forces that oppose its rupture (see Sec. 12, Art. 2) and when 
the particle is small, these forces are so great relatively to the other forces 
acting on the particle (gravity and magnetism, which depend on volume) that 
it is difficult to draw magnetic particles through such a surface film and sub- 
stantially impossible to cause gangue to fall away from a magnetic-separating 
surface that is covered with a film of water surrounded by air. For this reason, 
in most wet machines, the separating surface is submerged during the time that 
magnetic material is being drawn to it and gangue is being washed out, and 
emerges from the body of water, if at all, only after washing of the concen- 
trate is complete. 

Heberle wet separator (Fig. 18) has had considerable use in 
Europe. It consists of deep tank in which a water-tight box of 
magnets m is suspended. An endless belt B about 30 in. 
wide, runs around pulleys in such direction that the downward 
run isclose to the pole pieces of the magnets. Feed ground 
to at least 30-mesh, in the form of a freely-flowing pulp with 
water, is fed against the down-coming belt at A, magnetic ma- 
terial is drawn against the belt while non-magnetic settles in 
the body of water. Final separation is effected at the upper 
edge of a dividing baffle at the tail Er eee Ee Rest RAS 
Bist, totanine 2. slime arertloms at H. Fig. 18.—Heberle wet 
Rated capacity is 35 tons per 24 hr. 


separator. 


13. Grondal separator 


Gréndal drum-type wet magnetic separator (Fig. 19) consists essentially 
of the ordinary drum-type separator (a) 24- to 30-in. diameter and 17- to 32-in. 
face with alternating-pole magnets, mounted above a spitzkasten (b) in such a 
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way that the lower face of the drum just touches or just fails to touch the 
water surface. Magnets are made adjustable in angular position and the 
drum as a whole is ad- 


Battery of justable vertically and 
electromagnets horizontally. Feed is kept 
Spray 


pine ( : in suspension by rising 
water currents andall solid 
matter is forced to flow 
through the effective part 
of the magnetic field by 
means of properly dis- 
posed baffles (c). Sand 
tailing sinks to the bot- 
tom of the spitzkasten 
and is drawn off through 
appropriate ports; slime overflows with excess water as shown; concen- 
trate adheres to the drum surface until it has been lifted sufficiently to be 
discharged over the side of the spitzkasten. At this point the bank of magnets 
ends and concentrate is washed off by a spray into a concentrate launder. 
When two drums are run in series, a strong current is carried in the first to lift 
all magnetic material as a rough concentrate for re-treatment on the second 
machine which, in turn, produces finished concentrate and a middling for 
re-grinding, re-treatment, or discard as tailing, according to the exigencies of 
the problem. ‘ 

In another form of this separator used in Europe, the drum surface is com- 
posed of alternating radial strips of non-magnetic material and iron. The 
primary magnet has a pointed pole piece directed vertically downward and 
mounted directly above the baffle in the spitzkasten. Hence the induced 
magnetism in the iron strips is greatest when the strips are submerged and 
decreases as they emerge, becoming sufficiently small by the time they reach 
the horizontal diameter of the drum to permit concentrate to be washed off. 

Usual drum sperp is from 30 to 50 r.p.m. Suitable reErp sizes range from 8-mesh to 
100-mesh. Capacity on magnetite ores is from 2 to 4 tons per foot of width of drum face 


per hour. Current requirement is from 6 to 15 amp. at 110 volts and from 0.25 to 0.5 hp. 

is required to drive the drums. Water 

consumption is about 10 gal. per min. Table 11. Sizing-assay test of concentrate of 

per ft. of drum width. Groéndal separators, Benson Mines Co., N. Y. 
Performance. At Brnson MINzEs. | 

N. Y., two machines were run in series, 

the second tak ng rough concentrate Assays, per cent. 


Finished 
concentrate 


Middling 


Fie. 19.—Gréndal drum-type wet magnetic separator. 


from the first; tailing from both was Screen, Weight, 

sent to waste. Two such pairs handled seis Rerneen ts x 

700 to 750 tons per 24 hr. of 20-mesh ison Phosphonay 
feed assaying 30 per cent. Fe and about ¥ 
0.35 per cent P, but the machines were 0.338 3:0 BUI Dee 
somewhat overloaded and a third pair 0.589 1.2 Soe 0.05% 
was installed. Titanium in the feed ran Seuees 20.8 Bla ee 
3.5 per cent. and in the concentrate, 1 0.295 1525 60).18 D056 
per cent. Table 11 gives sizing-assay 0:208 16-0 60.86 O54 
test of concentrate. Tailing assayed 05147 9.0 61 -04 yak? 
about 8.5 per cent. Fe, not all magnetic. 0.104 9.2 61.76 0.044 
Hanover BrssEMER IRON AND CoppER 0.074 3.8 62. 10 0.045 
Co., Fierro, N. M., treated 400 tons per — 0.074 11.5 62.88 0.042 
day of 30-mesh feed assaying 48 per 


cent. Fe, 0.6 per cent. Cu and 0.02 per 
cent. P on three sets of two Gréndal machines in series. Concentrate assayed 60 per cent. 
Fe, 0.2 per cent. Cu and 0.007 per cent. P. At BeraHienem Stexx Co., Lebanon, Pa., the 
ore consists of magnetite, pyrite and chalcopyrite in talc and ferro-magnesian silicates; 
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assay, 43 per cent. Fe, 1.8 per cent. S and 0.4 per cent. Cu. 3000 tons per day crushed to 
30-mesh went to 20 Gréndal machines in sets of two in series. Concentrate assayed 60 per 
cent. Fe, 0.9 per cent. S, and 0.2 per cent. Cu. Sintering reduced S to less than 0.1 per cent. 


Gréndal slime separator utilizes the fact that magnetized particles when 
free to move will bunch together, with unlike poles in contact so far as possible, 
the net effect being to reduce the external field to a minimum. A primary 
magnet with wedge-shaped pole piece is mounted above a spitzkasten through 


_ which the slime feed is run. Under the influence of the magnetic field the 


magnetic particles become magnetized, are drawn near together just below the 
water surface and there form agglomerates that sink and are drawn off from 
the bottom of the tank. In another form a strong horizontal surface current 
skims the enriched surface layer of slime from the tank before sufficient 
agglomeration has occurred to cause the magnetic material to sink. 


Wiser-Chino machine designed and built at the plant of the CH1no ConsoLIDATED CoPpPpErrR 
Co., is an exception to the genera] rule that magnetic separation of fine material should not 
take place through a two-phase interface. It consists of an ordinary drum-type separator 
mounted above the discharge end of a shaking deck actuated by an ordinary Wilfley-table 
head motion. The function of the table is merely to move the feed pulp in a thin film through 
the separating zone. At the Chino plant the machine treats copper concentrate containing 
some magnetite, the object being to recover clean magnetite for use in making sponge iron. 
Feed analyses 3 per cent. on 10-mesh and 15 per cent. —200-mesh. Feed rate, 150 tons 
per 24 hr. in a pulp containing 12 per cent. solids. Magnets draw 3 to 4 amp. at 250 volts. 
About 1 hp. is consumed in driving. Peripheral speed of drum is about 200 ft. per min. 
One man attends 8 machines. Typical assays are as follows: Feed, 11.41 per cent. Cu and 
38 per cent. Fe; non-magnetic product, 13.37 per cent. Cu and 32.7 per cent. Fe; magnetic 
product, 0.61 per cent. Cu and 60.0 per cent. Fe. 


Dings-Roche wet belt machine (Fig. 20) consists of an endless rubber van- 
ner belt (a), 830 in. wide, 2-ply with 2-in. flanges, set on a slope of from 10 to 
80°, usually 30°; a bat- 
tery of 20 electromag- 
nets 30 in. long, spaced 
3 in. center to center, 
having alternating poles 
of opposite polarity, en- 
closed in a_ properly 
ventilated, waterproof 
copper box (b), all set 
underneath the upper 
run of the belt as shown. 
Feed is introduced at 
(f), concentrate is car- 
ried up-slope against a 
stream of wash water 
supplied through spray 
pipes (c), tailing flows 
down slope and _ dis- 
charges over the tail Fie. 20.—Dings-Roche wet belt separator. 
roller. Washing of con- 
centrate is aided by the winnowing motion caused by the alternating po- 
larity of the magnet poles. Concentrate is discharged by immersion of the 
belt in water box (d) aided by spray (e). 

Maximum size oF FrEp is 0.25-in. but the best results are obtained with material passing 


Y-in. or Y6-in. screen. Current supply should be up to 20 amp. at 125 volts. One hp. is 
required for running a 2-belt unit, Belt speup is 200 ft. per min. Roche (115 J 971) states 
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the Capacrry on magnetite ore to be 3 tons per hr. per ft. of belt width with a total water 
consumption of 2 gal. per 

Table 12. Comparison of concentrate made by Dings-Roche min. per in. of belt width. 
wet separator and Ball-Norton dry separator (a) Current draft is 5 to 10 

amp. at 125 volts. Table 
12 gives comparative re- 
sults obtained by this ma- 


Ball-Norton separator, | Dings-Roche separator, 


Screen size, Dez gone: PES Seah, chine and a Ball-Norton 
mesh belt-type — treat- 
‘ . ing ore from the RicHarpD 
Weight Fe Weight Fe eal 
20 34 54.06 37 55.16 Dings cross-belt 
x | | sos | 2 | 68-03 wet separator is, simi 
80 14 59,01 20 67.22 |lar to the Wetherill 
100 7 51.03 0.5 66.41 | machine (Art. 10) ex- 
ee | - pees re ae cept that the feed belt 
2 : : has 0.25- to 0.75-in. 
Rotates eae: 100 56.56 100.00 63.25 | side flanges to prevent 


slop. Sizes, deter- 
a Feed to both machines all through 8-mesh (0.084-in.) screen mined by width of feed 

and on 300-mesh; assay, 48 per cent. magnetic Fe. Ball-Norton belt. are from 18- to 

machine: tailing, 17.93 per cent. magnetic Fe; ratio of con- Bd 

centration, 1.28; recovery, 91.8 per cent. Dings-Roche machine: 60-in. Feed pulp should 

tailing, 2.19 per cent. magnetic iron; ratio of concentration, contain about 20 per 

1.33; recovery, 98.9 per cent. cent. solids. 


The manufacturers claim that the machine will treat pulps containing 90 per cent. of — 200- 
mesh material. Capacity of a 48-in. machine on 100-mesh magnetite is claimed to be 100 
tons per 24 hr. (121 P 218). A current of 15 amp. was used to remove partly-roasted 
pyrrhotite from galena and blende. 


14. Magnetic log washer 


This machine takes its name from the fact that as originally designed it was 
similar to the ordinary two-log washer (Sec. 8, Art. 4) but had, additionally, a 
bank of primary magnets underneath the tank as shown in Fig. 21. In later 


Fic, 21.—Magnetic log washer. 


designs the log was replaced by a ribbon spiral and the action, apart from that 
of the magnets, is rather that of an Akins classifier (Sec. 6, Art. 6). The 
machine is essentially a slime machine, not suitable for treating anything 
coarser than 48-mesh feed and increasing in efficiency of treatment as the feed 
becomes finer. With coarser feed all +48-mesh material goes into the con- 
centrate with resulting lowering of grade. 

The action consists in drawing magnetic material to the bottom of the tank 
by means of the magnetic field, after which the deposited material is conveyed 
up slope against a stream of wash water, finally discharging over the upper lip 
while the gangue particles in suspension pass over the overflow lip. 
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Machines installed by Mesasr Iron Co., 14 ft. long and 2 ft. wide, with two spirals per 
tank, treated — 150-mesh feed containing about 35 per cent. magnetic Fe at the rate of 50 
to 75 tons per 24 hr. and produced 65-per cent. concentrate and a tailing containing from 1 
to 2 per cent. magnetic iron. The machines for the final installation at Mesabi are 18 ft 
long and 6 ft. wide equipped with 4 spirals and will produce from 50 to 125 tons of aeeete 
trate per 24 hr., the amount depending on the difficulty experienced in washing concen- 
trate. W.G. Swart states that this machine requires about 0.25 hp. for excitation and the 
same for mechanical operation and that it will recover 95 to 98 per cent. of the magnetic iron 
fed. Character of concentrate depends upon the extent to which mineral is freed, fineness 
of grinding and amount of washing. With grinding fine enough to permit gangue to be kept 
in suspension and to free the mineral with substantial completeness, concentrate assaying 
65 to 70 per cent. Fe as magnetite is readily made. Wear with fine feed is negligible. 


15. Weatherby separator 


This is a high-intensity wet machine working on a different principle from 
any of the other machines described. It consists (Fig. 22) essentially of a 
small double — side-inclined shaking 
table with Wilfley head motion and 
aluminum deck, 4 X 4ft., with steel 
riffle cleats, all suspended by means of 
hickory hangers between the poles of 
a powerful primary electromagnet in 
such a position that the riffles are 
nearer the upper than the lower pole 
of the magnet. As a result the riffle 
cleats become secondary magnets with 
the field converging most sharply at Heavy steel casting 
their upper surface and magnetic ma- 
terial is therefore drawn to the top of 
the riffles and washed down slope while non-magnetic material progresses to 
the end. 


Performance. At Nortsaern Ore Co., Edwards, N. Y. (115 J 1053, 116 J 404). The 
feed is jig and table concentrate passing 4.5-mesh and assaying 30 per cent. Zn (the blende 
contains 5 per cent. Fe and is magnetic). The feed pulp contains about 30 per cent. water. 
Concentrate assays 45 to 50 per cent. Zn; tailing, about 6 per cent. Zn. Concentrate assay- 
ing 56 per cent. Zn, which is practically pure ferruginous blende, can be made, but this is not 
economical procedure. SpreEp of table, 250 @ 1-in. strokes per min. Current draft, 15 
amp. at 110 volts. Capacity, 22 tons per 24 hr. per table. The machine has been in suc- 
cessful operation at this mill for several years, but has not been installed elsewhere. 


Heavy steel casting 
VM 000, 


Fig. 22.—Weatherby separator. 


16. Guard magnets 


Guard magnets are used in crushing plants to remove tramp iron and steel 
from the feed before it goes to a crusher incapable of handling it. 

As an example of the economy of such an installation, it is stated (112 J 728) that at the 
Meztones Mininc Co. a magnetic pulley placed ahead of the primary crusher saved $1400 
per month in delays and repairs. 

Guard magnets are placed above or at the side of a chute or conveyor feed- 
ing the crusher. They are usually of the type employed for lifting scrap iron 
in handling plants, with manual control of current. They must be powerful 
in order to lift pieces of steel from rapidly-moving masses of coarse ore, and, 
as the load builds down, to hold it against blows of the material moving on the 
belt. Fig. 23 shows a typical installation over a conveyor belt. The magnet 
is hung on a sufficiently long suspension so that it can be swung aside for dis- 
charging. When there is danger that the load will build down sufficiently to 
interfere with material on the belt, it is well to guy the suspension rod with 
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wires that will complete a bell or light circuit and thus attract attention when 
the magnet is knocked forward. 

Magnetic chute. Fig. 24 shows a method of applying a guard magnet to a 
chute. Magnets (a) are so arranged as to produce a strong field in the chute 
and catch and hold tramp iron until it is removed by an attendant. Just below 


8 mK 
a 
Cross-sectional 
4 end view. 
& Bridge closed 
Bridge 
Fig. 23.—Mushroom magnet Fig. 24.—Dings magnetic 
over belt conveyor. chute. 


the magnetic zone a tilting section (b) is placed in the chute bottom. This 
is held in closed position by the magnets (c) so long as there is current flowing 
through the guard magnet but if current is cut off, accidentally or otherwise, 
the tilting section is released and spills the released iron together with the feed 
stream onto the floor until such time as the feed is cut off or the tilting section 
closed and current flowing. 


Pulley magnets (Art. 4) are frequently used as guard magnets. 


Guard magnets cannot be used in plants treating magnetite ore, on account of the mag- 
netic character of the ore itself. Also, guard magnets will not lift manganese steel, because 
of its low permeability. At the RepLtocir Stren Co. plant, vertical disk crushers set to 
14-in. were guarded by a screen with 34-in. aperture sending oversize in closed circuit to a 
set of rolls. These were rugged enough to break up the steel fine enough to pass the disk 
machines without injury to them. At the Uran Copper Co., where manganese-steel dipper 
teeth are used on the steam shovels, close watch is kept on the shovels and when a tooth is 
missing a telephone message is immediately sent to the mill (18 miles distant) and particu- 
larly close watch is kept as the ore is unloaded into the mill bins and run over the unloading 
conveyors to the primary crusher, until the tooth is found and removed. These examples 
are typical of the expedients that must be adopted when guard magnets cannot be used. 


Magnets in grinding-mill circuits are used in cyanide plants to remove iron 
introduced by abrasion from the crushing and grinding machines, 


Fia. 25.—Pulley-type separator in tube-mill ia. 26.—Brown electromagnet 
circuit at Simmer and Jack mill. for tube-mill circuit. 


Unless removed this iron, being difficult to grind, builds up to such an extent that it may 
amount to as much as 15 per cent. of the total circulating load (ALasKA-TREADWELL GOLD 
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Mrnine Co., 96 J 452). Schmidt (RMP), states that as much as 900 lb. of metallic iron per 
day has been removed from a Ranp tube-mill circuit and that prior to the introduction of a 
magnet at the Simmer AND Jack mill it was necessary to open the tube-mill circuit for 15 
min. each day, and pass the whole pulp to the cyanide plant without re-grinding, in order 
to clear out the accumulation of iron. Fig. 25 shows an application of a pulley-type sepa- 
rator (Art. 4) at this mill. Fig. 26 shows another type of separator in similar service 
(90 J 445). <A flat disk-shaped cast-iron pole-piece (B) of an electromagnet with cast-iron 
core is mounted to revolve on shaft (C) which is inclined 35° from the vertical. Current 
enters through slip-ring G; the other end of the coil is grounded. Winding is encased 
water-tight by a zinc sheath soldered to the iron bobbin of the winding. The magnet is 
driven at 6 r.p.m. by a 0.5-hp. motor; exciting current is 2.5 amp. at 100 volts. Iron is 
caught on the rim of the plate and is scraped off by a piece of canvas belting. 

A magnet used at ALASKA-TREADWULL is shown in Fig. 27. The magnet poles dip into 
the tube-mill discharze launder leading to a Dorr classifier. Current on a given pole is 
broken by a commutator when the pole- 
piece reaches a position above the apron. 
Fig. 28 shows a pair of oscillating magnets 
with curved pole-pieces that swing in a semi- 
cylindrical section of a main pulp launder at 
the Liserty Bett G. M. Co. Water jets 
wash the poles as they emerge from the 
pulp and current is cut off when the magnet 
reaches the highest point of the swing at 
which time it overhangs the edge of the 
launder. Each pole has 800 turns of wire 


Fic. 27.—Magnet for tube-mill circuit Fig. 28.—Pulp magnet at Liberty 
at Alaska Treadwell. Bell, 


and draws 2.0 to 4.0 amp. at 110 volts. The machine makes 4 to 5 oscillations per min. and 
requires about 0.1 hp. for driving. Feed rate is 100 tons of — 16-mesh material per 24 hr. ina 
pulp carrying about 10 per cent. solids. Removal of metallic iron is practically complete. 


17. De-magnetizer 


This consists of a conical coil carrying alternating current, surrounding an 
iron pipe carrying magnetized pulp. When an ore that has been over a mag- 
netic separator is finely ground, there is sufficient residual magnetism in the 
magnetic particles to cause them to agglomerate and, in classification, to sink 
with the unground sands rather than overflow with the slimes. Effective 
closed-circuit grinding is thus prevented. Passage through a de-magnetizer 
remedies this difficulty. 


The device is used on the discharge of ball mills feeding bowl classifiers at Mrsasr 
Iron Co. 


18. Murex process 


The Murex process is a combination of magnetic separation with the differ- 
ential-oiling phenomenon that is utilized in flotation processes (Sec. 12) lisis 
applicable to the separation of sulphides and other minerals of metallic luster 
from minerals of non-metallic luster. Minerals of metallic luster become coated 
with oil when mixed with oil in an aqueous pulp, while minerals of non-metallic 
luster remain water-wet. In the Murex process the oil is first loaded with 
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powdered magnetite, then mixed with the aqueous pulp and the whole is pre- 
sented in a thin film under the poles of a magnet, when the oil-coated minerals 
are attracted to the magnet because of the magnetite in the oily coating, while 
the non-coated gangue particles pass on. One oil mixture that has been used 
was composed of fuel oil, tar and resin. This had the power to hold the mag- 
netite as well as to coat sulphides preferentially. 


At Cuaustua (100 J 429) the process was used, 3- to 4-mm. material being ground in a 
pebble mill in a thin pulp with the above oil mixture to effect coating, the product passed 
through a screen with a 2 X 4-mm. openings then spread out on a shaking table under an 
overhanging magnet. Galena was thus separated from barite and silicious gangue min- 
erals. At Darwin Leap anp Sinver Mines (104 J 48) a 50-ton mill treated a partly 
oxidized lead-silver ore. A recovery of 80 to 85 per cent. of the mineral content was claimed 
at a cost of $1.78 per ton. Oil consumption was 15 lb. petroleum residuum and 0.8 Jb. oleic 
acid; magnetite, 17 lb. per ton. 


19. Roasting to increase permeability 


Roasting is practiced in the case of many iron-bearing products in order to 
convert the iron-bearing mineral into a magnetic state. Fe;04 and Fe7Ss are 
highly-magnetic compounds of iron while Fe2O; (hematite), 2Fe2.0;-3H2O 
(limonite), FeCO; (siderite), FeS2 (pyrite) are feebly- or non-magnetic. 
These latter may, however, be converted to the magnetic state by proper 
roasting. Chalcopyrite, bornite and other complex sulphides containing iron 
are similarly rendered magnetic. 


Hematite is changed to Fe304 by abstraction of oxygen. This can be effected by strong 
heating in air, less heat in a reducing atmosphere and a still lower heat when there is intimate 
admixture of a reducing substance such as hydrogen or carbon. Reducing roasting has 
had some commercial application in Europe and much experimentation has been done in 
this country. Theoretically only about 1 per cent. by weight of carbon or equivalent fuel 
would be necessary to effect the conversion of pure Fe203, if there were no heat losses, but 
the Minnesota School of Mines Experiment Station has determined that on a typical 
low-grade hematite ore from 5 to 10 per cent. by weight is necessary. Their conclusions as 
to operating conditions follow: (1) For efficient and rapid roasting the temperature should 
exceed 400° C. (2) Comparatively small increases in temperature effect considerable increases 
in efficiency. (3) Efficiency generally increases with increase in duration of roast. (4) 
Efficiency increases with decrease in size of particles, but this factor is less important than 
temperature aud duration. (5) Simple heating in air produces little change in magnetic 
character. (6) The reducing agent should contain as little methane as possible, as this gas 
has low efficiency. 

Siderite is converted to the magnetic oxide by calcining with restricted access of air. 
Over-roasting produces the feebly-magnetic ferric oxide, Fe90O3. 

Pyrite may be converted by roasting either to Fe7Sg or to Fe304, both of which are 
highly magnetic, according to the character of the roast. When heated in the presence of 
air, pyrite (and marcasite) decrepitate at 60° C., and as the temperature is raised lose sul- 
phur more and more rapidly until at about 400° C. the magnetic sulphide, Fe7Ss is formed, 
the sulphur igniting and passing off as SO, gas. If the period of subjection to heat is short 
(FLASH ROASTING), only the surface of the pyrite is altered, and Fe7Ss is formed, but 
this surface shell of magnetic material is sufficient to cause the particles to be lifted 
by the magnet in a field of high intensity. Further roasting at 500 to 600° C. with 
limited air and an atmosphere of CO, H and SO results in conversion to the highly mag- 
netic Fe304, more or less complete according to the duration of the roast and the size of the 
particles. Roasting to form the magnetic sulphide is hard to control, some of the more 
strongly magnetic oxide is sure to form, especially from the smaller particles, while the 
larger particles contain mixtures of the original material and the various possible products. 
The product is, therefore, difficult to separate on account of the varying permeability of the 
constituents, and for this reason it is frequently better to carry the roast to magnetic oxide. 
Over-roasting, especially if accompanied by access of air, causes conversion of Fe30, to the 
feebly-magnetic Fe:03. Where conversion must be closely regulated the ore must be 
closely sized before roasting and, if complete conversion to oxide is desired, it should be 
ground to —2-mm. On the other hand, if the feed is too fine, it is difficult to obtain proper 
exposure to the furnace gases, with the result that roasting is again uneven, 


Art. 19. ROASTING TO INCREASE PERMEABILITY 935 


Furnaces. Revolving kilns and multiple-hearth furnaces of the McDougall 
type are ordinarily used. The latter type has had extensive use in the Wis- 
consin zine district in roasting marcasite-blende concentrate to convert the 
marcasite into magnetic sulphide. Capacrry of a 6- or 7-hearth, 22-ft. fur- 
nace in this service is 100 to 125 tons per day on material passing a 3¢-in. 
sereen. 

Cooling. Roasted material must be cooled before passing it through the 
separators, on account of the destructive effect on the machines and difficulty in 
handling. Cooling must be done out of the presence of air in order to prevent 
re-oxidation. ‘Temperature of material leaving the cooler should be less than 
100° C. Revolving cylinders, usually with water sprays on the outside of the 
shell are frequently used. 


At Trait (120 P 864) it was found that the effect of a roast to increase the magnetic 
quality of pyrrhotite without complete conversion to Fe304 was lost if immediate quenching 
or slow cooling was practiced, but retained with rapid cooling in a rotary cooler. 


Performance. Table 13 shows the results of a series of experiments made at the 
Minnesota School of Mines Experiment Station on roasting HHNMATITE ore to the magnetic 


Table 13. Effects of temperature, duration of roast and size of particles 
on magnetic roasting of hematite ’ 


Percentage completeness of conversion to magnetic oxide 
Temperature, Duration, Size 
degrees C. minutes 
— 3% + 4-in. |—4-in. + 8-m.| — 8 +300-m. — 300-m 
300 15 10.2 27.0 34.3 39.1 
30 25.5 5770 62.4 65.0 
45 49.5 75.0 80.0 82.8 
60 73.4 87.0 90.0 93.5 
120 86.4 95.0 95.8 99.0 
350 15 17.40 52.0 63.0 69.0 
30 43.7 74.5 84.8 86.5 
45 68.0 86.0 90.5 93.0 
60 87.2 93.0 95.0 97.0 
120 94.3 97.0 97.7 99.3 
400 15 23.2 67.5 85.4 91.0 
45 80.9 92.0 95.3 97.0 
120 97.0 97.5 98.0 99.3 
450 15 80.2 77.0 91.5 94.5 
45 89.0 95.5 96.3 97.2 
120 98.0 98.1 98.4 99.3 
500 15 37.5 83.2 94.0 95.5 
45 93.1 96.5 96.8 97.5 
120 98.5 98.5 98.6 99.3 
550 15 42.8 86.5 95.0 96.0 
45 94.0 96.7 96.9 97.8 
120 98.7 98.8 98.8 99.3 
600 15 45.0 89.5 96.0 96.8 
120 99.0 99.1 99.2. 99.4 


oxide. The work was done in a rotating cylindrical externally-heated gas-fired furnace, 
using illuminating gas as a reducing agent. PyYRITE-BLENDE CONCENTRATE, Wisconsin. 
(107 J 1107). Self-roasting furnaces of the Wedge and Skinner types are used with rotary 
coolers. Characteristic roaster feeds range from 21.6 to 45.9 per cent. Zn, 12.8 to 27.4 per 
cent. Fe, 0.22 to 0.82 per cent. Pb, 1.50 to 2.15 per cent. CaO and 35.7 to 41.6 per cent. 8. 
One plant uses an 8-hearth Wedge furnace, 22 ft. 6 in. diameter by 24 ft. high. Ore is 
heated gradually by the heat of its own combustion to a maximum temperature of 900 to 
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1000° F. on the lowest hearth, at which temperature marcasite is strongly oxidized but 
blende is unaffected. Gases contain 4 to 5 per cent. SO9. Decrepitation and abrasion 
increase the percentage of —40-mesh material from 9 per cent. in the entering feed to 30 
per cent. in the discharge. Tour rotary coolers are used, 2 X 26-ft., 6 r.p.m., with outside 
spray (30 gal. per min. each). The magnetic quality of the roasted ore is greater when 
slightly warm than cold. Dings tray-type separators make rough concentrate assaying 
56 to 58 per cent. Zn; this is raised to 61.5 per cent. Zn by a high-intensity cleaner, and a 
tailing containing 4 to 5 per cent. Zn and 25 per cent. 8, which is suitable for sulphuric-acid 
manufacture. At another plant in the same district (99 J 977) the zinc-iron gravity con- 
centrate is given a slight, positively-controlled roast in an oil-fired revolving kiln, cooled 
in a revolving cooler and separated on a Campbell separator (tray-type with cross belts 
for concentrate removal). The raw concentrate assays 21 to 34 per cent. Zn and finished 
concentrate 49 to 61 per cent. with recoveries of 92 to 95 per cent. reported. Shrinkage in 
weight during roasting runs from 50 to 70 per cent. The iron product is suitable for acid 
manufacture, if not over-roasted. . CASSITERITE-PYRITE SEPARATION, Llallagua (100 J 518). 
The furnaces are of the McDougall type, 5-hearth; ore is self-roasting (no carbonaceous 
fuel added); feed is all — 1-mm. and assays about 25 per cent. sulphur as pyrite and 15 per 
cent. Sn; furnace teed contains about 5 per cent. moisture. Best results are obtained on Stern- 
type wet separators. (A star-shaped pole piece revolving 10 to 20 r.p.m. around a horizontal 
axis in a tank of pulp picks up magnetic material and carries it above the surface of the pulp 
where it is washed off the pole arms and over the sides of the tank by a strong jet of water. 
Current draft is about 6 amp. at 110 volts. Capacity: 18 tons per 24 hr. was handled when 
the roasted product contained 10 to 12 per cent. S. Under these conditions the magnetic 
product contained 50 per cent. Fe and 22 per cent. S and the non-magnetic 2.5 per cent. Fe 
and 1.5 to 2 percent. S.) Properly-roasted product was black with metallic luster; over- 
roasting was indicated by a reddish product on which the separators did poor work and 
discharged a tin product high iniron. Capacity of roasting furnace was about 0.04 ton per 
sq. ft. of hearth area per 24 hr. Amount of flue dust was less than 5 per cent. of the furnace 
feed and tin content of dust was about 5 per cent. on a 20 per cent. feed, due in part to the 
fact that cassiterite does not decrepitate. There was never more than 2 per cent. loss of tin in 
dust. Copprr-rron, Calumet and Arizona smelter, Douglas, Ariz. (Bul. 9, MSM 38). Davis 
states that magnetic roasting is being incidentally performed at this plant in connection with 
drying and de-sulphurization prior to smelting. The ore, crushed to pass a 1-in. screen is 
roasted in a 6-hearth McDougall-type oil-fired furnace 21 ft. 6 in. diameter at the rate of 
80 to 100 tons per 24 hr. with conversion of about 80 per cent. of the iron to magnetic oxide 
at a total operating cost in 1919-20 of $0.31 per ton, 
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MISCELLANEOUS PROCESSES OF CONCENTRATION 
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1. Mechanical pickers 


Anthracite pickers are built to take advantage of the difference in shape 
between particles of coal and of slate. The simplest and earliest form, typified 
by the Zimainr, consists of a sloping steel chute with a transverse slot in the 
bottom through which the fiat, sliding, slow-traveling slate falls while the 
rounded, rapidly-rolling coal particles “‘jump”’ over and pass on to the end. 
The principal modification of this type is a slate-bottomed chute, which retards 
slate in the coal more than a steel bottom and causes more rolling of the coal. 
Another modification of the same device was introduced by shaking the sep- 
arating chute, which, of course, makes it possible to set the separating surface 
on a flatter slope and thus save head room. Another modification is the roller 
picker, which has a series of transverse spaced rollers across the bottom of the 
separating chute, the spaces corresponding to the slots in the jump-type 
pickers. AYERS PICKER consists of a flat apron conveyor traveling up-slope 
at such an inclination that rounded coal particles roll down-hill while flat 
slate particles are carried up and over the head roller, 


At PuHoenrx Coat Co. (18 CA 796), treating culm, an Ayers 
chestnut picker runs 150 to 200 ft. per min. 


Spiral picker is the most widely used of the mechan- 
ical picking devices. One form is illustrated in Fig. 1. 
In sliding down the spiral chutes the coal, being rounded, 
travels faster than the flat slate, works to the outer peri- 
phery, and falls off into the larger spirals, which discharge 
separately from the smaller. Spiral pickers will not work 
on wet coal. They are adjustable for temperature. 
Each type and size of coal requires a different setting. 
Spirals are of little value for fine coal. Certain types of 
coal are not amenable to spiral treatment. According to 
Sinnat and Mitton (67 MH 491) the coal must be sized 
between the following limits: —6 +4-in., —4 + 214-in., 
—24%41%-in, —1%+%4-n, —%4 +)¢-in. Spirals 
have had their greatest success in treating anthracite, j, 4 — Anthrae 
because the slaty impurities are tabular while the coal G4, spinal (ides 
is rounded. Ashmead (66 A 422) gives the data in Table side of large spiral 
1 as the results of a test. The usual capacity is 8 to 12 cut out to permit 
tons per hr., depending upon the size of feed. view). 
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Table 1. Performance of anthracite spiral DisaDVANTAGE of mechanical pickers 
= is the fact that the coal product carries 

considerable slate and vice versa. There- 
Per cent. | Per cent. fore it is always necessary to concentrate 
of coal of slate the products further, either by hand- 
picking or by jigging. For this reason 


WeCGar avr sees tite d 84.60 15.40 such pickers are being superseded by jigs 
Coal discharge.......- 98.93 1.07 except for grate-size coal, which is too 
Slate discharge....... 5.88 94.12 coarse for efficient discharge from jigs 
ROCOVELY oriviniis decd 99 94 The principal apvanvracss of the pick- 


ers are their high capacity and low 
operating cost. 


2. Pneumatic concentration 


Pneumatic table for treating bituminous coal is a development of a table 
used for cleaning seeds, cereals, nuts, etc.; it has been tried spasmodically 
without much success in metal concentration. The usual form is shown in 
Fig. 2 (19 CA 811). It consists essentially of a reciprocating riffled deck (a), 
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Fig. 2.—Pneumatic shaking table. 


about 4 X 4 ft., driven by an eccentric but mounted like the Ferraris or 
rocker screen (Sec. 5, Art. 6). The deck has an adjustable inclination, aver- 
aging about 5° transversely to the riffles, away from feed box (b) , and has a 
fixed inclination parallel to the riffles of about 1° upward from the mechanism 
end. It is driven at from 270 to 330 @ -in. strokes per min. through the cone 
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pulleys (c). The deck surface is made of cloth or woven wire. Riffles are 
spaced about 2 in. and taper from about 14 in. at the head end to nothing 
at the discharge end. For coarse material, the deck is covered with 34-in.-mesh 
wire cloth to keep the bed from sliding; for fine ma- 

terial, tapermg paper strips terminating one-half to Galvanized- iron 
two-thirds of the distance to the slate-discharge end LN, Woven-wirs 


creen 
are pasted under the cover between the wood sup- KR hes 
‘porting strips (Fig. 3) to give a quiet space for fine 
impurity to travel in. (22 CA 876.) Air is supplied 
to a pressure box underneath by means of a 40-in. 
steel-plate centrifugal suction blower at 1600 r.p.m. oss oe Ut 
An air gate is placed in the table base to regulate the PRE ree 
amount of air admitted at just enough to produce table. 
stratification without boiling. 

Operation depends upon the fact that the heavier particles in a mixture of 
particles of different specific gravities on the deck of the table offer the greater 
resistance to lifting by the issuing air and that the combination of the lifting 
force of the air and the agitating effect of the table motion imparts sufficient 
fluidity to the mass to permit the lighter (coal) particles to rise to the surface of 
the mass, where they roll down slope, while the heavier (shale and pyrite) 
particles at the bottom are constrained by the riffles to move to the end away 
from the head motion. Bone and some slate also work to the lower edge and 
are collected as a middling product as indicated in the figure. 


Bituminous coal as coarse as 3-in. is being treated. The feed should be closely sized. 
The usual screens for — 3-in. material are 144-, 1-, 4-, 44-, %- and: Ye6-in. Coal finer than 
V6-in. cannot be economically treated on the regular table on account of the small capacity 
and the consequent high cost. A different form of table, known as the Y-raB.n, from the 
shape of the deck (Fig. 4), has been used at McComas for -in. to 40-mesh material 
(MCJ, Jan., 1926). It showed a capacity about twice that of the older type. 


Wood strips 


BEEN EE L7 Anu 


Fic. 4.—Pneumatic coal separator, Y-deck. 


CoarsE FEEDS require relatively large volumes of air at low velocity and are, therefore, 
treated on a deck with relatively coarse apertures (woven-wire screen cloth); fine material 
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requires a smaller volume at higher velocity. Skinner satin is a satisfactory material for 
the finest sizes. 


Performances in three large-scale tests on —114-in. Pocahontas coal 
(20 CA 58) are given in Table 2. The +1-in. material was thrown directly 
into the refuse and the —26-mesh material into clean coal. _ 


At American Coat Co., McComas, W. Va. (MCJ, Jan., 1926; 22 CA 875) the 
—3-in. screenings contain approximately 83 per cent. of coal (—1.35 sp. gr.) assaying 
4.30 per cent. ash; 5 per cent. low-ash bone (1.35 to 1.50 sp. gr.) with 15 per cent. ash; 
2 per cent. high-ash bone (1.50 to 1.70 sp. gr.) with 30 per cent. ash; and 10 per cent. of 
slate and fireclay with 86 per cent. ash, a total for the raw screenings of 13.5 per cent. ash. 
The bone is found principally in the + 14-in. material, which contains 13 to 17 per cent. ash. 
The finer sizes contain 9 to 11 per cent. ash. The — 6-in. material contains about 11 per 
cent. ash. The present dry-cleaning plant for treating 240 tons per hr. of — 3-in. + %(6-in. 
bituminous coal contains 8 tables, one table for each of the sizes —3 +114-in., —1144 +1-in, 
—1+%-in., —-'%+4-in., and two each for the —l4 + \%-in. and —% + \eo-in. sizes. 
Tests have shown that on the coarser sizes the capacity of a machine is 25 tons per hr. 
while on the finer sizes it is 12 to 14 tons. The entire plant consisting of 8 tables, 
36 Hum-mer screens and 3 fans (100,000 cu. ft. per min. of free air) with necessary 
elevators and conveyors requires about 2.35 kw.-hr. per ton of coal treated. Air consump- 
tion on coarse-feed tables is about twice that on fine-feed tables. The average labor force 
is 444 men per shift. The cleaned product contains about 92 per cent. —1.35 sp. gr.; 
5.5 per cent, 1.35-1.50; 1.2 per-cent., 1.50-1.70, and 1.5 per cent. +1.70 sp. gr.; total ash, 
6.4 per cent. The + 14-in. cleaned coal averages 6.5 to 7 per cent. ash and the smaller sizes 
4.5 to 5 per cent. (25 CA 761). The refuse is about 8 per cent. of the total feed and averages 
more than 80 per cent. ash. Average cost of cleaning (1924) was $0.20 per ton, including 
power, labor, supplies, repairs, depreciation and interest. At Sr. Louis, Rocky Mrn. anp 
Paciric Co., Raton, N. M. (23 CA 791) the tables are run at about 350 @ %-in. strokes per 
min. Fan speeds range from 900 r.p.m. on the finest size to 1040 r.p.m. on the coarsest. 
About 6000 cu. ft. of free air per min. comes up through the table deck. Capacity on dif- 
ferent-sized feeds is shown in Table 3. From auxiliary tests it is shown that the tables 


Table 3. Performance of S. S. and S. (American Coal Co.) pneumatic table on bituminous 
coal at St. L., R. M. and P. Co. (After Young) 


Analyses, per cent. ash Recovery 

Size of feed, Tons of feed of com- 

inches per hour Cleaned coal bustible, 

Raw coal (a) Refuse per cent. 
1 to % 12 17 11 63 94.9 
4% to kK 10 17 10.5 65 94.9 
1% to 3% 8 16 9.5 70 96.2 
3% to Me 6 18 10 66 94.1 
346 to M6 4g 22 14 70 94.4 
\%6 to 60-mesh 3 25 19 70 95.3 
NOE) Sie ea cal | eich Reape re ee 16.8 1g bai 64.6 95.5 


a Ash in picked samples of clean coal runs 8 to 9 per cent. 


remove about 72 per cent. of the free impurity. The waste rejected is about 10 per cent. of 
the raw coal by weight. At West Canapian Coxuipries, Lrp., Blairmore, Alberta, Canada 
(MCJ, Jan., 1926) .the capacity on — 14 + 4-in. coal is 18 tons per hr.; —7i6 + }4-in., 24 
tons; — 3°+ Ye-in., 30 tons; — 15% + 34-in., 388 tons per hr. Cost or pLanrT to treat 110 
tons per hr., using Hum-mer screens for sizing was $1360 per ton of hourly capacity. 


Cost of a dry-cleaning plant for bituminous coal is estimated by Tams 
(MCJ, Jan., 1926) at from $500 to $660 per ton of hourly capacity, and the 
installed power from 1.33 to 1.67 kw.-hr. per ton. The power consumed 
will be less than this. 


Apvantaces of dry cleaning are: (a) No water is required, which is an important con- 
sideration at many mines; (b) no moisture is added to the coal, on the contrary a certain 
amount of drying is effected. This latter fact is important when the coal is to be shipped 
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long distances or in cold weather; or when it is to be used for coking in which case 
common specifications call for less than 5 per cent. moisture as received; or when the coal 
is to be pulverized, when, unless it is dry, the drying equipment may be half of the total 
equipment and the drying cost more than half of the total cost. 

Hooper pneumatic jig (Fig. 5) consists of a stationary adjustably-inclined 
deck (a) covered with broadcloth (or other porous material) supported on 
slats (b). Above the broadcloth are carried two sets of metal riffles (c), the lower 
set, 14 in. high spaced 1 in. running toward one side while the upper set, 344 
in. high spaced 34 in. run toward the other side. A leather diaphragm (d) 
with flap valves opening upward is actuated by eccentrics on the pulley-driven 
shaft (e), thus causing air to pulsate upward through the broadcloth. Feed 
is introduced into hopper (f), stratified according to the specific gravity of the 
particles by means of the pulsating air current and travels generally down slope 
toward the discharge chute the lower and upper strata being guided toward 
opposite sides, by the riffles. Splitters are provided at the discharge end to 
separate concentrate, middling and tailing. 

This machine was first developed to concentrate graphite, but has been displaced in that 


service by froth flotation. At the Norra River Garnet Co. (Sec. 2) it is used to separate 
garnet from feldspar and hornblende at 30- to 68-mesh sizes. 


Rear or feed-side End Front elevation. 


elevation. elevation. 
Feed ee fo eeet a4 
10% ay 
Plan. 
Fia. 5.—Hooper pneumatic jig. Tig. 6.—Sutton, Steele and Steele aspirator. 


Air classification. Asprrator (Fig. 6) (made by Sutton, Steele and Steele) 
used by Sr. Lours Rocky Mountain anp Paciric Co. (23 CA 794) to de-dust 
—¢-in. bituminous coal consists of an enclosed chute, 1 in. deep by 30 in. 
wide, sloping 50° to the junction with a vertical chute which narrows down at 
the junction to the same dimensions but widens above to form a 10-in. cir- 
cular pipe leading to a suction fan, and below to the discharge. The air 
velocity at the junction is about 7000 ft. per min. and nearly all dust smaller 
than 60-mesh is removed. 

Gayco separator (Fig. 7) is fed at (a) onto the rotating plate (b) which 
distributes the solid in a thin roughly horizontal sheet across the annular 
space (c). A current of air, circulated by the fan (d) enters through the vanes 
(e) and rises through space (c) at such a rate that all but the coarsest material 
is lifted; the coarsest drops and passes out at (f). The rising current is given 
a definite swirling motion by the rotating vanes (g) and, due to centrifugal 
action, the coarser solids are thrown against the walls (h) and pass out through 
(f); the finer rise up into the main fan zone where a stronger whirl throws 
most of the solid against the walls (7), down which it settles and passes out 
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through (j). The usual speed of the spindle carrying (b), (d) and (g) is 160 
r.p.m. Sizes run from 30-in. outside diameter (laboratory machine) to 14-ft. 
Power requirement (maker’s rating) is 
4%+ hp. for the 30-in. size; 6 hp. for 
the 8-ft., and 12 hp. for the 14-ft. 


At Eastern Maanesia Tatc Co. the capac- 
ity of a 14-ft. machine sizing tripoli is 1600 to 
2000 Ib. of feed per hr. when the fine product is 
99.5 per cent. —325-mesh; 2000 to 2400 lb. for 
97 per cent. —325-mesh; 2400 to 3000 for 90 
to 92 per cent. —325-mesh; 4000 to 5200 for 
99.7 per cent. — 140-mesh and 80 to 85 per cent. 
—325-mesh. This machine had to be speeded 
up above the recommended speed in order to 
get the desired grade and capacity; the grade 
drops off with decreased speed and the product 
is non-uniform with light feeding. At W. H. 
Loomis Tatc Corpr., Gouverneur, N. Y., a 14-ft. 
machine produces about one ton per hr. of 99 
per cent. — 325-mesh short-fiber talc; feed runs 
upward of 50 per cent. of —325-mesh material; 
the performance is affected to some extent by 
the weather. The manufacturer’s rating for 
limestone, cement, etc., separating at 85 per 
cent. — 200-mesh is 15 to 20 tons per hr. on the 
14-ft. machine; the 10-ft. machine has about 
half of the capacity of the 14-ft., and the 8-ft. 
about one-third. ' 

Air-sand process for coal. separation (U. X 4 
Gi pat. 1,534,846) PP) 1661-7 1A). is a sink- Fig. 7.—Gayco separator. 
and-float method of separation in which the separating medium is fine sand, supported 
ona porous medium and maintained in semi-fluid state by means of air forced through 

the bed. Using — 20- 

Sand-return elevator mesh silicious river sand 
} and sufficient air to make 
‘the mass fluid without 
*‘boiling,’’ the density of 


ee the sand-mass is about 
Air-sand Coal de-sanding 1.45, as tested by a spin- 

cell Air-sand { sereen dle hydrometer. The air 

Porous coll" Ri ey pressure required for this 

i diaphragm ¥ Refuse gate "Cleanedcoal density is 114 to 3 in. of 


R Sand feed mercury, according to the 
Porous diffusing slab porosity of the permeable 


) 5 diaphragm and the thick- 
De: sawed \ Aircharaber ness of the sand layer. 
<—High-pressure blower A testing apparatus used 
by the Bureau of Mines 
is shown in Fig. 8. The 
small pneumatic tube 


Screw 


Fig. 8. — Laboratory 


apparatus for air-sand Fic. 9.—Proposed lay-out for (Sooo, Pie! AY way be 
concentration (after continuous air-sand separation PALE PL ne Neneh cats: 
Fraser and Yancey). (Fraser and Yancey). Fig.9 shows diegrammati- 


cally a layout suggested 
for continuous operation. Table 4 shows results of a test on —3 + 2-in. Illinois bituminous 


Table 4. Results of air-sand separation. (After Fraser and Yancey) 


Product | Weight, Yield, Ash, 


Sulphur, 

pounds per cent, per cent. per cent. 
Raw coals ss 62.3 100.0 14.3 6.09 
Cleaned coal.... 54.4 87.3 9.9 4.57 
Refasere was os 7.9 12.7 44.9 16.56 


944 MISCELLANEOUS PROCESSES OF CONCEN TRATION See. 14. 


coal. A 2-compartment jig treating the same coal made a yield of 82.6 per cent. washed 
coal assaying 10.3 per cent. ash. The sink-and-float yield on the feed was 90.4 per cent. 
assaying 9.9 per cent. ash. 


3. Greased-surface concentrators 


Greased-surface concentrators apply the principle of selective wetting of 
metalliferous-mineral and gangue particles at greased surfaces, usually in the 
presence of water. The principle is similar to that of precious-metal amalga- 
mation. (Sec. 15, Art. 6.) The important elements of such apparatus are the 
mechanical means of presentation of the ore pulp to and removal from the 
surface, and the character of the grease. 


Elmore (703,905/1902) described flowing a thin pulp against an oiled-canvas belt to 
which oil globules and oiled particles were expected to adhere. The tailing launder was 
lined with blanket or matting and blanket or matting were floated on the pulp in the launder, 
the idea being that these would become oiled in time and thereafter catch oiled mineral 
particles that came in contact with them. Tar and heavy residuum oils and the like and acids 
were recommended. Foorn (744,322/1903) described coating a fixed inclined surface with 
an oily soap or grease made by mixing petroleum and slaked lime or lime water, and then 
flowing pulp thereover. Scnwarz (807,505/1905) suggested coating an inclined surface 
with a grease made by mixing a hydrocarbon and sulphur. The hydrocarbons named were 
paraffin, ozocerite, resin, pitch, asphaltum or any animal, vegetable or mineral oil. A 
specific mixture cited was paraffin, resin and sulphur. Alkaline, acid or neutral pulp was to 
be flowed over this surface. Wour (899,149/1908; \899,478/1908) described coating an end- 
less belt with a viscous mixture made by treating an oil or grease with chloride of sulphur. 
The same patentee (1,310,492/1919) described a special collecting belt of ‘‘woven-hard”’ 
duck, soaked with one oil, e.g., a mineral oil, and lightly sprayed with another oil, e.g., a 
vegetable drying oil, or vice versa. LuckENBACK (1,370,601/1921, 1,448,927; 1,448,928/1923) 
describes passing pulp over a belt and through a tangled mass of filamentous material 
coated with a mixture of oil or grease and a resin such as caoutchouc, mastic, shellac, 
congo, rosin, asphaltum, pitch, etc. Petroleum grease or liquid rubber ora mixture of the 
two is recommended as a covering compound. The same patentee (1,478,237/1923) recom- 
mends an oil or grease and an alkali for surface coating, e.g., petroleum grease, an animal 
fat or oil and sodium silicate or a mixture of sodium silicate and sodium hydroxide. 
Addition of liquid rubber makes the coating more adhesive. Donprar, (1,458,467/1923) 
suggests coating the mineral by rinsing with water and oil and then flowing the pulp over a 
metallic surface to collect the mineral. Tin and zine are given as examples and 10 lb. per 
ton of pine-tar or coal-tar oil as suitable oils and quantities. Revolving drums are 
recommended as separating apparatus. AxusTon (1,534,481/1925), describes a revolving 
drum with inner surface coated with a fatty, oily or greasy collecting substance. 


The only instance of successful commercial application of greased-surface 
concentrators is in diamond milling (see Sec. 2, Art. 15). 


4. Granulation 


This term describes a phenomenon that may be observed when certain 
finely-crushed minerals, e.g., sulphides or coal, are stirred together with a rela- 
tively large amount of oil in the presence of water. Under such circumstances 
the minerals form with the oil a coherent mass or masses whose consistency de- 
pends upon the kind of oil, the relative quantities of oil and mineral, and the 
character of the stirring. The ordinary rock-forming minerals do not similarly 
granulate, hence if these are present, separation may be effected after granula- 
tion by screening or by ordinary gravity-concentration methods. 

TUNBRIDGH (228,004 //1880) was the first to mention this property of metallic substances. 
He applied it to the separation of metals such as gold, silver and alloys in suspension in water, 
by means of soaps which were caused to coagulate and collect the metals, upon agitation and 
the addition of a salt such as sulphate of lime, or an acid. The coagulum was thereafter 
separated by filtration through wood shavings, sawdust, straw or the like. Everson, 
(348,157 /1886) described dry mixing of sulphide (and oxide) ores with any one of a large 
variety of oils or compounds of oils or fats to form a mass of doughy consistency, and there- 
after kneading or stirring this mass in acidulated water, as a result of which operation the 
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rocky minerals were expelled from the oily mass and a coherent mixture of oil and mineral 
remained. If the kneading has been slow, the oil-mineral substance is in relatively large 
masses readily separable from the dispersed rocky particles by screening or settling in water. 
If vigorous stirring has been used, the oil-mineral matter will have considerable air in it, and 
will either float or, on a Wilfley table, come off below thesands. CatrrrMoun (763,259; 
763,260; 777,273; 777,274/1904), came nearer to success than either of his predecessors. 
His process consists essentially in violent agitation of a freely-flowing pulp of finely- 
pulverized sulphide ore to which has been added an amount of oil usually between 20 and 
100 lb. per ton of solid. Acid in an amount equivalent to 0.2 to 1 per cent. on the water 
and heat both aid the operation. An ore containing upwards of 10 per cent. mineral is 
necessary for the best performance. Granulation ordinarily takes place in from 3 to 10 
minutes and gentle rolling of the pulp thereafter causes increase in size and firmness of the 
granules. Under the best conditions these granules are {6- to 14-in. diameter and suffi- 
ciently firm and dry to be readily handled. Separation of granules from the gangue may 
be effected on a screen or shaking table or in a hydraulic classifier. The Cattermole 
process was tried for the treatment of zinciferous dump tailing at Broken Hui, 
Australia, but was discarded for the reason that in the attempt to cut down on oil 
consumption a practical method of operating the agitation-froth process was discovered. 


The physical phenomena underlying granulation are the same as those 
acting in agitation-froth flotation, viz.: preferential coating of the mineral 
particles with oil followed by gas precipitation on the oiled particles. Subse- 
quently excess oil meets and spreads on the mineral-coated bubbles, and when 
the oil coating becomes sufficiently thick, most of it, together with the mineral, 
which has been displaced to the oil-water interface, slips off the bubble like a 
sheath. This sheath is reiatively viscous by reason of the solid coating and 
rolls up, under the swirling action of the pulp, into the characteristic granule. 
The loaded air bubbles and v:scous sheaths may be observed readily by taking 
test-tube samples during the course of a Cattermole test and examining before 
a binocular microscope. 

Daring (763,859 /1904) pointed out that carbonaceous materials mix with oil to ‘form 
a buttery and homogeneous mass, with which the earthy or other materials occurring in the 
mixture do not associate’’ and that separation may be made by mixing the oiled mass with 
water and screening. He described application of his process to a graphitic ore, using 
crude petroleum, and to finely-powdered coal, coke or charcoal. Scawarz (807,501 to 
807,503; 807,505; 807,506/1905) described granulation of sulphides with normally-solid 
hydrocarbons, the mixing being effected with the hydrocarbon in melted condition and 
hardening brought about by cooling. 


Trent (1,420,164/1922) describes the granulation process applied to coal. 
He recommends the use of liquid hydrocarbons, specifically fuel oil, crude oil 
(petroleum), gasoline and benzol in amounts up to 50 per cent. of the carbona- 
ccous content of the solid feed. The feed should generally be ground to pass 
100- to 200-mesh. This process differs from that of Darling in that mixing of 
the oil and carbonaceous material is done in the presence of water while Darling 
mixed dry. 

A small amount of oleic acid greatly improves the operation of the Trent 
‘process. 

Performance. Table 5 shows the results of an exhaustive series of tests 
made by the Bur. of Mines (20 CA 172). 


Feed was crushed to 65-mesh, then ground in a 50-per cent. pulp in a laboratory ball mill 
for 6 hours and then agitated with the oil in a 25-per cent. pulp. The oil used was a Navy 
fuel oil (petroleum residuum), 0.875 sp. gr. (30° Bé.), running 125 sec. at 25° C. ina Saybolt 
viscosimeter. The table shows excellent recovery of combustible, and in most cases, a 
cleaned coal,low in ash. In general the sulphur reduction is negligible. Jor the 17 tests 
it averages an actual reduction of 0.17 per cent. and a percentage reduction of only 8.8 per 
cent., although in three cases the percentage reduction lies between 30 and 48 per cent. 
Supplementary tests on a high-sulphur coal (/) to study the behavior of the sulphur showed 
that of the total sulphur in the coal, amounting to 4.75 per cent., 3.01 per cent. (on the coal) 
was pyritic, 0.36 per cent, sulphate and 1.37 per cent. organic. The cleaned coal contained 
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2.10 per cent. pyritic sulphur, representing 47 per cent. of that in the feed. Sulphate sul- 
phur in the cleaned coal was 0.15 per cent. while organic sulphur increased to 1.50 per cent. 
Similar tests on coal (c) showed only 5.5 per cent. of the original pyritic sulphur in the 
cleaned coal, but the sulphate sulphur as well as the organic sulphur in this product increased. 
The normal tendency is, of course, for pyritic sulphur to go with the oil. If it does not do so, 
it is probably because it is too coarse or because it is tarnished. Sulphate sulphur should 
ordinarily decrease and organic sulphur, being, probably, molecularly mingled with the coal 
structure, naturally goes with the coal. Some tests on artificial mixtures of coal and pyrite 
indicate maximum sulphur reduction at 200-mesh maximum size with smaller reduction on 
— 100-mesh and on — 600-mesh feeds. 

Oils. A series of tests with carbon disulphide, benzine, carbon tetrachloride, gas oil, 
fuel oil, and two cylinder oils indicated that the results with the first four oils, whose viscos- 
ity was 40 sec. Saybolt and less, were cleaner coal and better ash reduction than with the 
oils of higher viscosity, but more combustible is lost with the former oils, and considerably 
more oilis necessary. Details of the results of tests on several coals with residuum and gaso- 
line are given in Table 6 (22 CA 913). Table 7 shows comparative results with several 
oils on the same coal. 


Table 6. Comparative results of Trent process with viscous and mobile oils. (f) 
(After Ralston) 


Residuum oil, per cent. Gasoline, per cent. 
Coal : 
sample 
Granules, Coal Granules, Coal 
ash recovery ash recovery 
a 9.0 98.9 8.1 97.8 
6 10.6 98.5 8.0 89.6 
c ee 97.4 8.0 91.8 
d 15.8 98.4 12.8 98.7 
e 7.5 99.4 6-1 99.1 
a, b, c, d, e See the same letters, Sec. 12, Table 45. f Feed ground to 300-mesh. 
Table 7. Performance of Trent process with several oils. (After Ralston) 
Ash, per cent. Coal 
Relative |_—-—__———|recovery, 
Oil viscosity per cent. 
Feed |Granules 
Gasoline ce.teosisie mys BTe 0.95 25.9 8.0 91.8 
@rude benzols . 2%... sta. 0.97 25.9 9.4 90.9 
WNGLOSENOr ae | toes climate = iO) 25.9 9.5 937-1 
Stove oil (809) 222. 22... 1.3 25.9 9.6 95.9 
Crudesoile@alet. saat 5.0 25.9 11.8 96.7 
Residaitmy GUS aera tee 50.0 25.9 12.2 97.4 
Asphaltum (10°).........| Very 
high 25.9 13.5 98.2 


. 


The best amount of oil to be used was found by Perrott and Kinney to be from 0.3 to 0.4 
Ib. per pound of clean dry coal, the higher figure corresponding to the finest feeds. The 
amount necessary to effect good granulation can be reduced to between 3 and 5 per cent. on 
the feed by adding a small amount of oleic acid or pine oil to the petroleum. 

MoIsTURE IN CLEANED COAL. According to Perrott and Kinney a,cleaned coal consisting 
of %in. granules will retain 10 to 15 per cent. of moisture after draining; if the granules 
are very fine, the moisture content will run up to 30 or 40 per cent. 

Size or GRANULES depends upon the amount and kind of oil, the size of feed, the inten- 
sity and duration of agitation and the kind of coal. It can also be controlled to some extent 
by varying the acidity of the pulp water and by rolling or slow stirring after the granules 
have first formed. 

TIME OF AGITATION was found to be proportional to moisture content. The time neces- 
sary for initial segregation and granulation of the coal varied from 0.5 to 30 min. with varia- 
tions in moisture content of raw coal from 1.50 to 10.93 (see Table 5) while the lignites with 
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15 and 27 per cent. moisture could not be granulated until after carbonization; drying at 
110° GC. was ineffective. In general, coals containing more than 3 or 4 per cent. of hygro- 
scopic moisture were difficult to treat. 

Sizp or perp, An exhaustive series of tests with feeds ground to 65-, 200- and 600-mesh 
indicated that the percentage of ash reduction was, in general, greatest with the finest grind- 
ing and that with low-ash bituminous feeds it was necessary to grind to 600-mesh to affect 
any useful ash reduction. With high-ash bituminous feeds 65-mesh was fine enough in some 
cases, while with others and with the anthracites it was necessary to grind to 200-mesh but 
not to 600-mesh. Table 8 shows incidentally the effect of difference in feed size on ash 
content of granules. 


Table 8. Comparison of performances of Trent process and agitation-froth flotation 
on Pacific Northwest coals.(f) (After Ralston) 


Trent process, per cent. Flotation, per cent. 
Coal — 300-mesh feed (f) — 65-mesh feed(/) — 65-mesh feed(f) 
Granules, Coal Granules, Coal Froth, Coal 
ash recovery ash recovery ash recovery 

a 9.0 99.5 13.5 99.0 13.8 90.4 
b 10.6 98.0 13.5 98.0 15.5 80.0 
c 12.2 98.0 16.3 96.0 18.4 90.0 
d 15.8 99.5 18.0 98.5 18.8 96.0 
e era 99.5 10.8 99.0 10.7 97.0 


a, b, c, d, e Sce same letters, Sec. 12, Table 45. /f For analyses of feed, see Sec. 12, 
Table 45. 


Trent process us. agitation-froth flotation. Table 8 shows comparative 
results of a series of tests by different investigators by the two processes on the 
same coals. At 65-mesh, which was as fine feed as the agitation-froth process 
could successfully treat, the ash contents of the concentrates from the two 
processes were not greatly different, but when the feed was ground down to 
300-mesh and more ash was freed, the Trent process rejected it and obtained 
better concentrate. Neither process is, as yet, worked out generally with respect 
to coal washing. The fact that Trent granules may be substantially dewatered 
by simple screening and draining while flotation concentrate requires thicken- 
ing, filtering and partial drying or else granulation similar to the Trent treat- 
ment is, of course, in favor of the former. On the other hand, the Trent 
product is not easy to store, ship or handle under boilers when cheap oil is 
used and left with the coal and, if expensive oil is used, it must be removed by 
low-temperature distillation, which is, of course, a charge against the process. 
Direct comparisons are not available. 

j Trent (1,421,862/1922) suggests using pulverized coal and hydrocarbon liquid together 
in treating ores by granulation, claiming thereby to get cleaner concentrate than is possible 


by froth flotation and further that the fuel for smelting will be incorporated in the concen- 


tration process. He suggests, also, using the process to clean flotation concentrate and for 
the separation of the metallic content of iron- and steel-mill flue dusts. 


5. Electrostatic concentration 


Electrostatic concentration employs the difference in electrical conduc- 
tivity of minerals to effect separation. Fig. 10 illustrates two methods of 
application; in (a) the good conductors immediately upon making contact 
with the roll take on like charges and are repelled, the poor conductors require 
a longer time to become charged and therefore, in the short time that they are 
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in the electrical field, are substantially unaffected and fall directly downward. 
In (6) a stream of charged air particles goes from the charged wire toward the 
grounded roll and charges particles on the face of the roll. In the case of con- 
ducting particles the charge is transmitted immediately to the roll and ground; 
they are therefore unaffected and fall normally; poor conductors become 
charged by the stream on the face toward the wire, this charge induces a charge 
of unlike sign on the adjacent face 

of the roll, the particle is attracted Feed apron Feed apron 

a < e Grouni — 


and held until the charges dissipate 5 oe . Highly charged 
by conduction or until the cling- f a pele oF 

: : . Brush ea. 
ing particles are mechanically 2 3 °— Flectrical 
swept away. Fig. 10 (a) shows oe ed i pane 
the principle of the early BuaKnr- Poor eeiGned Dis eeGhod 
Morscuer machines which were [conductors [conductors] {conductors | conductors 
impractical and unreliable; the (a) (6) 


Hurr machines utilize the princi- 
ple shown in (6). All sulphides 
except pure blende, all native 
metals and most metallic oxides class as good conductors; all other 
common minerals as poor conductors. The forces acting are those between 
electrical charges, and their magnitude is a function of the surface expanse of 
the individual particles, hence surface must be large in proportion to weight, 
i.e., the particles must be small, say, —10-mesh; close sizing is necessary for 
clean separation. 


Fic. 10.—Principles of electrostatic sepa- 
ration. 


Application. The process has found but little use in the mills. The best known installa- 
tion was that at the Midvale plant of U.S. S. R. & M. Co. (see p. 177) for separating pyrite 
from blende; it has now been replaced by differential flotation. 

Dielectric separation is proposed by Hatfield. The underlying principle is that particles 
whose dilectric constant (SPECIFIC INDUCTIVE CAPACITY) is greater than that of the medium 
by which they are surrounded are attracted toward electrically charged points in the medium 
and vice versa, in a way entirely analogous to the action of paramagnetic and diamagnetic 
particles respectively in a magnetic field (Sec. 13, Art. 1). The dielectric constant of good 
conductors e.g., the ordinary metallic minerals, is high and that of poor conductors, such as 
the ordinary gangues, is generally less than 10; by using a medium such as a mixture of 
nitro-benzene (dielectric constant, 36.4) and kerosene (2.4) any desired dielectric constant 
between the two can be obtained (in proportion to the respective parts of each in the mix- 
ture) so that with a given mixture of minerals such a medium can usually be made with an 
intermediate dielectric constant in which finely pulverized particles can be separated, the 
particles with high constant collecting on charged points. Single-phase alternating current 
of about 200 volts and 100 frequency is suitable for charging the collecting plates. 

The process is at present nothing more than a laboratory expedient; it gives little prac- 
tical promise on account of the high expense of the medium. For details of laboratory 
procedure see 33 IMM 336 and 343, 
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HYDROMETALLURGY 
BY 


R. C. Cansy, Consuttine Mpratuureist, WALLINGFORD, Conn. 
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1. Introduction 


Hydrometallurgy is the art of recovering metals from ores by first effecting 
solution of the metal or metals in the form of a salt, separating the solution 
from the impoverished solid, then decomposing the metallic salt in such a way 
as to cause precipitation of the metal in a state of comparative purity. The 
solvent is usually regenerated in the precipitating reaction. The LIxIvIANT 
(leaching solution) is invariably an aqueous solution. 

Hydrometallurgy is substantially never an economic alternative to either 
concentration or smelting; rather it is applicable to ores of too low grade to be 
smelted economically and of too small metal content or with the metal in such 
mineralogical combination as to render it not amenable to concentration. 

Gold, silver and copper are the metals whose ores are most commonly 
treated; zine conceutrate is treated in fairly large amounts at two plants; 
lead has been the subject of much experimentation but of little or no econom- 
ically successful operation. This is due, not to lack of amenability of lead ores 
but rather to the fact that lead ore has peculiar value in smelting other ores, 
and hence gets favorable rates from the smelters, while gold or copper ores of 
the types suitable for hydrometallurgical treatment are costly to smelt. 

In substantially all cases it is necessary that the metal before dissolving 
be in an oxidized or metallic state, either naturally, or so rendered by roasting 
or the use of oxidizing solutions, the possible exceptions being precious-metal 
tellurides and selenides and silver sulphides. The ores usually treated are 
those containing metallic gold and silver; carbonate, oxide or metallic copper 
and, less frequently, copper sulphide or copper silicate; zinc sulphide (this 
must first be roasted); lead carbonate, chloride and oxide. 

The fundamental operations are the same in all hydrometallurgical proc- 
esses, irrespective of the metal or solvent used, and may be classified as (1) 
PREPARATION for solution, including crushing and, if necessary, oxidation or 
reduction to a soluble state; (2) solution in a suitable, generally dilute, lixi- 
viant (LIXIVIATION); (3) separation of pregnant solution from leached solid 
(WASHING); (4) PRECIPITATION of the metal; this may require preliminary 
PURIFICATION of the solution. ; : 
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2. Preparation 


Crushing is necessary in order to permit access of leaching solution to the 
metallic-mineral particles, and, in the case of ores requiring roasting, to facilitate 
this operation. The siz necessary for successfui leaching varies with different 
ores; caved copper ore in the mine is leached at Onto Copper Co. and few 
copper ores are crushed smaller than }¢-in.; gold and silver ores must, on the 
other hand, substantially always be crushed to 40- to 60-mesh and in many 
cases to 200-mesh. In most cases recovery increases with increased fineness of 
grinding and the rate of solution likewise increases. Decision as to proper size 
is, therefore, a balance between increased crushing cost on the one hand and 
increased recovery and saving in leaching-plant equipment and operation 
on the other. 


Crushing and grinding machinery is described in Secs. 3 and 4. 

_ Cost of crushing to 14-in. should not exceed $0.06 to $0.10 per ton in large plants nor double 
these amounts in smaller plants. Crushing and grinding to, say, 48-mesh costs from 
$0.30 to $0.50 per ton in large plants and $0.40 to $0.75 in small; to 200-mesh the costs will 
exceed these by 50 to 100 per cent. 


Roasting is rarely practiced except on zinc ores, in which case a high-tem- 
perature oxidizing roast is employed. Certain high-grade sulphide and sulpho- 
telluride gold ores (CRIPPLE CREEK) are roasted but the same extraction would 
be possible with finer grinding (14 CME 205). An oxidizing roast for copper 
sulphides and a reducing roast for silicates is promising theoretically but, in 
general, is not commercially practicable on account of the large bulk of barren 
rock that must be heated. Chloriziding roasting has a limited application to 
lead-silver ores prior to brine leaching. 


Oxidizing roast. The reaction starts at about 350° C. with pyrite according to the 
following simplified equation: 2FeS; + 11 O = FegO3 + 4802. Lead, copper and zlnc 
oxidize, with increasing temperatures, in the order named, thus: PbS + 4 O = PbSQ, or 
6 PbS + 23 O = 6PbO+ 5 SO3 + SOg; CuS2 + 20 =CuS + SO2; GuS + 30 =CuO + SOp; 
ZnS + 30 = ZnO + SOo. The final temperature for a zinc roast should run up to from 
700 to 780° C.; for copper about 590° C. should be the maximum. 

Whether the end product is a metallic oxide or sulphate depends to some extent on the 
concentration of SOz in the interstices of the charge; high concentration with gentle rab- 
bling produces more sulphate, vigorous rabbling and strong draft, more oxide. 

Chloridizing roast is carried on at moderate temperature in a neutral atmosphere in the 
presence of a chloride, usually of an alkali or an alkaline earth. The end sought is conver- 
sion of sulphides of copper, lead and silver into chlorides; at the same time the metal of the 
original chloride is changed into sulphate. Loss of lead and precious metals by volatiliza- 
tion is serious unless the temperature is kept low. Experiments are at present under way 
on low-grade oxidized lead ore at Curro pr Pasco involving low-temperature batch roasting 
in Holt-Dern furnaces with a chloride and recovery of the lead by electrolytic precipitation. 
This process aims to eliminate volatilization losses by low temperature in the initial roast 
and elimination of smelting. 

Reducing roast is one performed at low to moderate temperatures in an atmosphere of 
earbon monoxide. The object is to reduce the desired metal (copper, in so far as present 
hydrometallurgical processes go) to the metallic state. The reducing roast has a most 
important application at present in the preparation of oxidized and copper-silicate ores for 
ammonium carbonate leaching. At the Bwana M’Kuewa pre-heated ore is treated in a 
gas-locked cylindrical reducing furnace, fitted with an internal spiral to regulate time of 
eontact (119 J 838). Producer gas flows counter-current to the ore and is not ignited. 
The ore enters the furnace at a temperature of 540° C. (120 J 852). 

Roasting furnaces. For descriptions of various furnaces see: The metallurgy of non- 
ferrous metals, Wm. Gowland, Griffin, Lond., 1921. General metallurgy, H. O. Hofman, 
McGraw-Hill, 1921. Multiple-hearth furnaces of the MacDougall type, e.g., the Herres- 
hoff, Wedge and Skinner, are the principal ones used for hydrometallurgical work in North 
America. Capacity of roasting furnaces in hydrometallurgical practice is not yet generally 
established but known capacities correspond sufficiently with those in roasting for smelting, 
to justify use of the latter standards, which follow (92 J 1271): 
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Removal of impurities 
Lb. per sq. ft.) prior to leaching is rarel 
Method of roasting of hearth area prior . oO 1eacning : y 
per 24 hr. practiced; such practice 
as exists has been in cyani- 


Roast-heaps andyetalls... 6: ts cesu'- tyeFscuer 5 to 20 dation. Substances which 
Reverberatory roasters: : : 
(Om Handrabbledsm ae tec. 24 to 35 consume cyanide (CYANI- 
(2) Mechanical, average............ 33 to75 | cIDES), particularly” oxi- 
ie Jeg cena — conditions... . oe dized copper minerals; 
evolving cylinders... .........-. 2 ote i 
Bhctressine pos cee 500 to900 | Partly oxidized sulphides 
wera sOV Oo? =8 TORE MAL | aeer ss 600 of zinc, iron and copper; 
Blast roast in layers: tellurides, arsenides and 
(1) Intermittent down draft. gor eRe ke 1000 to 2000 antimonides; mineral 
(Continuous cnt sports tes es oe 2200 to 3000 a dahon: 1 
McDougall (7-hearth, 20-ft.) average. . . 60 acids an t €1r Dasie salts 
NGiGreaballsnyetua stein cae 37 and organic material will, 


> if present in any consider- 

able quantity, render an 
ore unamenable economically to cyanidation. Sulphides can be removed 
by concentration; small quantities of free or latent acid can be neutralized 
by lime; larger amounts of acid may require a preliminary wash with water or 
alkaline solution; oxidized copper minerals'require an acid wash. Graphite 
causes re-precipitation of gold; it has been successfully removed by flotation. 


3. Lixiviation 


Lixiviation is the operation of effecting contact between the ore to be 
leached and the leaching solution. Two general methods are used, 17z.: 
(1) circulation of solution through a stationary ore mass (PERCOLATION); 
(2) stirring of a mixture of ore and solution (acrraTion). The second method 
is clearly applicable only to ores in finely-pulverized state; the first may be 
practiced on either coarse or fine ore, according to the method employed. 

Percolation is applied to caved ore standing in the mine (LEACHING IN 
PLACE; Onto Copper Co.), or to run-of-mine ore piled in heaps at the surface 
(HEAP LEACHING; Rio Tinto; Arizona Copprmr Co.) or to crushed granular 
ore ranging in maximum size from 34-in. (NEw Cornewia) to 80-mesh for 
oxidized ore and 100-mesh for unoxidized ore at HommsTakr (TANK or SAND 
LEACHING). When the nature of the ore is such that percolation is applicable, 
7.e., when an economic amount of valuable mineral is exposed and soluble at 
sizes permitting relatively free circulation of leach liquor and air through the 
standing mass, this is the cheapest method of operation, since it eliminates the 
cost of fine grinding and the power required for agitation. 


Rate of percolation. Two and one-half to 3 in. per hour is good; 1) to 2 in. is fair; 
34 to 14 in. indicates a condition unsuitable for percolation. Vacuum may be used to hasten 
the rate. 


Filter leaching is a form of percolation applicable either when the ore is 
very readily leachable or when pressure in excess of atmospheric is desirable 
for solution. A cake of finely pulverized ore is formed on a filter leaf (see 
Sec. 17) and leach solution is passed through (usually alternating with air 
or steam) until the desired solution is effected. 

Agitation is the usual method of leaching finely-pulverized ore. The 
purposes of pulp movement are: (1) to effect continuously changing contact of 
mineral and solution and (2) to entrain oxygen. Agitation in crushing and in 
the flow of pulp through launders, pumps, elevators and the like is highly 
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effective, hence leach solution is frequently added to the grinding mills. 
Special agitating devices include mechanical and pneumatic means. 


Mechanical agitators include tanks with reciprocating or rotary stirring mechanisms, 
revolving drums containing a multitude of small tumbling bodies, centrifugal pumps and 
mechanical classifiers. The important feature of such devices from the solution standpoint 
is that they cause thorough and continuous splashing of the pulp, which effects aeration. 
Pneumatic aGiraTors have been most widely used. The Pacnwuca TANK is typical. It 
consists essentially of a vertical cylindrical tank with cone bottom, 35 to 54 ft. high, 714 to 
13 ft. diameter, with an air-lift (see Sec. 20, Art. 15) about one-tenth the diameter of the 
tank, extending from about 18 in. above the bottom of the cone to within 18 in. of the top 
of the tank. The lift itself aerates the pulp and the lifted pulp splashes against an umbrella 
above the lift pipe and falls back onto the pulp surface outside, thus entraining more air. 
Common operating limits are: 4 to 88 cu. ft. of free air per min., 22 to 33 lb. pressure, 
4 to 134 hp. and 15 to 110 tons daily capacity. (97 P 424.) The Parra TANK is a flat- 
bottomed tank with a plurality of air-lift columns which may be readily installed in any flat- 
bottom tank (42 A 819). Combined mechanical and pneumatic agitators are typified by 
the Dorr. Diagonally-placed slow-moving ploughs on horizontal rotating arms move 
settled slime to an axial conduit which acts as an air-lift column, and delivers the pulp 
onto rotating distributing launders. In the Henprix agitator the pulp is raised through a 
central column by propeller blades, assisted by an air-lift. 


Leaching solution depends, of course, on the metal (or mineral) to be dis- 
solved. Cyanipx of potassium or sodium is used for gold and silver (other 
solvents such as CHLORINE for gold and soprum HYPOCHLORITE for silver have 
had some little vogue but are not used at present); SULPHURIC ACID is used for 
copper carbonates, sulphates, oxides and the like and for roasted zine concen- 
trate; FERRIC SULPHATE, for copper sulphides and oxides; AMMONIA (actually 
ammoniacal cupric carbonate) for native copper; and brine (usually acidified) 
for lead and silver. 

Strength of solution is dependent upon the ore and solvent chemical and 
is also related to the time available, fineness of grinding, temperature, and a 
number of other minor elements of plant operation. It was early thought 
that very weak cyanipzE solutions dissolved gold and silver selectively. While 
this is not actually so, there is lessened efficiency in solutions exceeding 0.25 
per cent. KCN and marked increase in cyanide consumption. MacFarren 
(Practical stamp milling and amalgamation, Min. and Sci. Pre San Francisco, 
1914) points out that the normal oxygen content of cyanide solution decreases 
as the strength increases, but that if oxygen is supplied, strong solutions dis- 
solve faster than weak. At Homesrake the essential factor seems to be the 
passage of a definite volume of solution through the slime cake, rather than 
treatment with a solution of definite strength or for definite time (52 A 16). 
With sutpuurIc acrp increase in solution strength causes increase In rate of 
solution but the gain may be more than offset by increased solution of alumina, 
iron, etc., which do not regenerate in precipitation and therefore waste acid. 
These dissolved metals may also affect electrodeposition unfavorably, as in 
the case of copper. In the high-acid process for roasted z1Nc ores, the increased 
solution of silica and iron facilitates filtration and keeps the anode free from 
incrustation during electrodeposition. With acid ferric sulphate much excess 
of ferric iron over 1 per cent. decreases current efficiency in electrodeposition. 


Strength is expressed in per cent. or in pounds per ton of lixiviant. Dena atronerneite 
various lixiviantsgare as follows: CYANIDE (generally expressed in pant 2 4 ae ioe 
gold, sand leach, 0.1 per cent.; agitation leach, 0.05 per cent.; for silver, san et ie 
to 0.3 per cent.; agitation leach, 0.05 to 0.15 per cent. — In certain ies! ee see 
strength is used, e.g., REAL DEL Monts (0.49 per cent.) and in ONTARIO. eaching 
trate requires solutions up to 0.75 per cent. 

Su.ruuric acrp for copper ores, 2 to 10 per cent.; 10 
(U. S. Pat. 1,891,498) proposes 28 to 30 per cent. for zinc. 


for zine, 5 to 15 per cent. Tainton 
ACID FERRIC SULPHATE: On 
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INSPIRATION ORES; copper sulphate, 2.5 to 3.5 per cent.; total iron, 1.5 to 2.5 per cent. 
(ferric up to and somewhat higher than 1.0 per cent.); free (sulphuric) acid, 3.5 to 7.5 per 
cent. (73 A 58). 

Ammonia (NH) for copper, sand leaching, 1.25 to 5.0 per cent. with about the same 
amount of CO, (70 A 395; 120 J 849). In the ammonia process constant strength is main- 
tained by removal of copper (70 A 602). 


The necessary time of contact with lixiviant is affected by a number of 
factors; principally the degree of pulverization, strength of lixiviant, degree of 
solubility of the mineral or the form in which it occurs, and the effectiveness of 
contact. In any given case it must be determined by experiment. 

In cyAnrp1NG from four hours to six days is required; the majority of cases are between 
36 and 72 hours. Dilute suLPHURIC ACID with copper ores: CHILE CopPpER Co., 24 hours; 
Aso,7 days (40 A 30); these are both tank leaching. AcID FERRIC SULPHATE, tank leaching, 
INSPIRATION, probably 9 days maximum. In heap leaching and leaching 1n situ acid ferric 
sulphate leach extends over many months or even into years. In the AMMONIA process a 


solution of proper strength becomes practically saturated in one passage through fresh 
sand (70 A 598). 


Heating is unusual with sulphuric acid or cyanide solutions. Tainton 
recommends heating to 60° C. in leaching zine calcines with strong acid solu- 
tion. He estimates coal consumption at 1 ton per 20 tons of zinc produced, if 
the return electrolyte is at 30° C. (PP 13801-M A). The rate of solution of 
metals in cyanide solutions increases with rise of temperature. Heated solu- 
tions are used on silver ores at Tonopan, but in most cases the increased cyan- 
ide consumption more than offsets the increased rate of extraction. Ferric 
sulphate and ferric chloride solutions are usually applied hot but at the 
INSPIRATION experimental plant commercial results have been obtained at 
atmospheric temperature. Brine for lead leaching is heated to at least 75° C., 
when precipitating on dense iron, but 30° C. is sufficient for precipitation on 
sponge iron (PP 1281-M A). 

Aeration is an essential element in leaching precious-metal ores with cyan- 
ide or copper-sulphide ores with ferric salts. In percolation it is most effect- 
ively performed by forcing air through the charge; in agitation it is a concomi- 
tant of the splash, as previously stated. In cyanidation, oxygen, although not 
actually entering into the solution reaction, is essential to its consummation; 
in copper-sulphide leaching the oxygen is an essential part of the reaction, 
Cus + 5 O + H20 = CuSO, + Cu(OH)s, which precedes solution of the 
copper. 

Addition agents have been used principally in eyanidation. Lrm is 
used to “protect” the cyanide by neutralizing free or latent acid, consumption 
ranges from two to about six pounds per ton; sodium peroxide and bromo- 
cyanogen have been used as oxidizers in treating telluride ores and ores con- 
taining mispickel; lead acetate or litharge is frequently used with silver ores 
containing sulphides. 

Regeneration of solutions. See Art, 5, 


4. Washing 

After the economic degree of solution is effected it i 
the pregnant solution from the leached solid in order 
quently precipitated, may be collected in a state o 
PE ane off in percolation, or filtering or decan 

Jon, 18 Insuilicient separation on account of the valuable liquid i 

with the solid. This liquid must be displaced and collected oe so sacar 
constitute a reasonable loss. The operation is called WASHING. The method 
of accomplishment differs according to the method of lixiviation, 


S necessary to separate 
that the metal, subse- 
f comparative purity. 
tation, following agita- 
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In percolation a succession of batches of solutions of decreasing metal 
content and eventually barren water are passed through the batch of leached 
ore. These washes displace and dilute the interstitial remnant from the pre- 
ceding liquid so that eventually the interstices are filled with a solution con- 
taining little more metal than the barren water. If regular advance of solu- 
tions through the charge were effected, then in the most unfavorable case, 
where diffusion and convection kept pace with the advancing wash, the value 
of the liquor remaining after washing would be (ab + cd)/(b + d) where 
a and c are the assays of the remnant liquor after the preceding drain and of 
the wash liquor respectively and b and d are the respective volumes. (Inter- 
stitial volume is readily estimated by determining the dry weight of a given 
volume of drained material and the mean specific gravity of the solid.) If 
diffusion and convection do not keep pace with the advancing wash, the assay 
of the interstitial solution after washing will be less than that given by the 
equation. Usually the advance of solution is uneven and the wash remnant 
assays higher than calculation indicates. 

The volume of barren-water wash is usually limited to the amount of water 
lost by leakage and evaporation plus that discharged with tailing; otherwise 
solution accumulates until the tank capacity of the plant is exceeded. In 
certain cases, e.g., where acid (CuHinE Copprr Co.) or ferric salts build up 
excessively, a certain amount of solution is discarded periodically after pre- 
cipitation, in which case, of course, more wash water can be added. 

Decantation is the method of washing usually applied to slimes, following 
lixiviation by agitation. It consists of a succession of the operations of dilu- 
tion and thickening of the pulp, each successive dilution with a solution of 
lower metal content, finishing with barren water. The underlying principle 
is the same as that in washing following percolation, but thorough mixture of 
solutions is assured. On the other hand a greater proportion of solution to 
solid is finally discarded unless the tailing is filtered. 

Counter-current decantation is a method of continuous operation of decan- 
tation washing. It is performed in a plurality of continuous thickeners so 
arranged that thickened pulp moves in order from the first to the last, while 
overflowing solution progresses in the opposite direction. The feed to the 
first thickener is a pulp of strong, rich solution and finely pulverized ore that 
has been thoroughly leached in the preceding operations; the overflow is 
pregnant solution ready for precipitation; the underflow is solid plus rich solu- 
tion; it goes to the second tank. Here it meets and is mixed with solution 
that has overflowed from the third tank, and which is much lower in metal 
content than that contained in the thickened pulp. The overflow of the sec- 
ond tank goes to the first and the underflow to the third. Fresh water is 
added to the last tank, thus effecting the maximum possible dilution of solu- 
tion discharged with the tailing and furnishing the progressive washes in the 
preceding tanks. 


5. Precipitation 


Metal is recovered from pregnant solutions by precipitation. The prin- 
cipal methods are chemical reaction and electrolysis; decomposition by heat is 
used in the ammonia process, ammonia and carbon dioxide being driven off in 
a special still and re-absorbed for further use. With one or two important 
exceptions, the leaching chemical is regenerated by the precipitating reaction. 

Chemical precipitation without regeneration is typified by precipitation of 
copper from sulphuric-acid solutions by means of metallic iron, The reaction 
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is: CuSO. + Fe = FeSO, + Cu. Theoretically 0.875 Ib. of iron is consumed _ 
per pound of copper precipitated; actually the consumption is about pound 
per pound. Subsequent oxidation of ferrous to ferric sulphate produces a 
copper solvent but not, of course, the original acid. The earliest practice 
was to use scrap IRON, but the consumption would exceed the supply 
for large-scale operations. Pra tron may be used. GRANULATED IRON gives 
a larger surface but is not completely consumed, which is wasteful and contam- 
inates the product. SponcE RON, made by reducing oxidized iron compounds 
(magnetite, hematite, calcined pyrite) with 15 to 50 per cent. of coal, coke, 
charcoal or other reducing agent in special reverberatory, muffle or retort 
furnaces at about 1700° F., has been much experimented with. About 1.5 to 
1.75 lb. is consumed per pound of copper. 


Precipitation on scrap iron is usually done in launders; tanks are more efficient in terms 
of pounds precipitated per unit volume of container. Precipitated copper is usually loosened 
by shaking or washing off the scrap; At Aso precipitation is performed in a long rectangular 
tank and precipitated copper is loosened by agitation of the liquid in the tank by compressed 
air. 


The important factors in iron precipitation are strength of solution in copper 
and acid, temperature, contact time and velocity of flow of the solution. 
RaTE OF PRECIPITATION decreases with decrease in copper content but at 
Ouro Copper Co. solution containing only 0.204 per cent. copper yields 97 
per cent. in 40 min. contact. Hat and HIGH ACID CONTENT prevent precip- 
itation of insoluble salts on the iron with consequent interference with copper 
precipitation, but since both are costly (the acid is consumed by the iron) it 
is cheaper to reject foul solution from time to time. The vetoctry of flow of 
the solution should be sufficient to prevent precipitation of foreign material 
on the surface of the iron. 

Cost of precipitation of copper on iron ranges from 21 to 41% cents per lb. 
of copper. 


Iron is used to precipitate lead from brine solutions. Sponge iron is the best, since it 
will precipitate at 20 to 35° C. while with dense iron the solution temperature must be at 
least 75° C. 


Chemical precipitation with regeneration. Precipitation of gold and silver 
from cyanide solution by means of zinc or aluminum results in regeneration of 
cyanide, probably not in the form of alkali cyanide as originally added, but ina 
form in which an equivalent mount of effective cyanide ion is present. The 
metal is added in the form of shavings of the general structure of excelsior, or 
as dust; the latter is the modern development. When solutions contain the 
usual amount of dissolved air (oxygen) it is necessary that the cyanide strength 
be high in order to prevent formation of “white precipitate” (a mixture prin- 
cipally of oxide and ferrocyanide of zine) on the zine, which stops the action. 
The Crow PROCESS involves de-aeration of the solution before precipitation; 
this prevents formation of “white precipitate,” makes it unnecessary to add 
cyanide, and greatly increases the efficiency of the zinc. Metal dust is the 
more convenient form for use in the Crowe process. 


Precipitation with zinc shavings is performed in compartmented boxes; the shavings, 
after dipping in lead acetate (and being thus coated with lead) are packed into alternate 
compartments and solution is circulated so that it rises through the zinc-filled compart- 
ments and flows downward in the others. The boxes are 12 to 24 ft. long, 114 to 3 ft. wide 
and 1% to 3 ft. deep; the zinc compartments are substantially square, the intermediate 
compartments narrow. Capacrry is 5 to 15 tons of solution per cubic foot of zinc-compart- 
ment space per 24 hr. Zrnc consuMPTION on the Ranp is 0.12 to 0.26 lb. per ton of ore milled. 
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Metal dust (90 per cent. — 200-mesh, containing, in the case of zinc, upward of 95 per cent, 
free meta}) is mixed with solution in a plunger pump and forced into a plate-and-frame filter 
press. Asmall amount of lead acetate aids precipitation. ZINC CONSUMPTION on the Rand 
is 0.10 to 0.14 lb. per ton milled. In the Crowe process the consumption of metal is about 
half the above figures (111 J 624). 

Recovery of cyanide from foul solutions by liberating hydrocyanic acid and re-absorbing 
the gas in fresh alkaline solution is an old idea. Some recent patents (U.S. 1,387,289; 
1,486,137) promise successful operation. Both patents specify an acid stronger than hydro- 
_ eyanic for decomposition of ecyanides and both use sulphurous acid; the first (Mrus- 
Crowe) recommends blowing air through the acidified solution at normal temperature to 
remove hydrocyanic acid; the second (HatvorsEn), boiling under high vacuum. With 
such recovery possible much stronger cyanide solutions can be used than formerly with 
consequent economy and the harmful effect of cyanicides is distinctly minimized. 

Sodium sulphide (Fig. 3) and charcoal have been used in cyanide precipitation but in 
isolated cases only. 

Precipitation of copper from sulphate solutions by means of iron generates ferrous sul- 
phate which oxidizes to ferric sulphate and thus regenerates the solution, 


Electrolytic deposition is the standard method in copper and zinc precipi- 
tation; it is used for lead at BUNKER Hitn AND SULLIVAN and is being tried 
for the same metal at Cerro pr Pasco; it has been many times proposed and 
experimented with for cyanide, and this latter application is the subject of a 
recent patent of much promise (121 J 113). Electrolytic precipitation is 
invariably regenerative. 

Typical general procedure is to clarify the solution, usually by sedimenta- 
tion; condition it, if necessary, which is usually the case for zinc, so that it is 
of the proper chemicsl composition; then flow it through electrolytic cells, 
between the poles of which suitable current is passing. The desired metai 
precipitates, and is collected either as an adherent deposit on the cathode 
(copper and zinc) or as a collection of flakes or crystals (lead and precious 
metals). 

The important elements in operation are current strength and voltage, 
temperature, concentration of the desired metal and of other substances in 
the solution, rate of solution flow and the character of anodes and cathodes. 

Current. The fundamental consideration is the fact that a given amount 
of current passing through a solution of a given metal will precipitate a def- 
inite amount of that metal. The theoretical maximum amount of a given 
metal that it is possible to deposit with a given current, at 100 per cent. cur- 
rent efficiency, is W = 0.0104Aw/v mg. where A = the current in amperes, 
w = the atomic weight of the metal to be deposited and v is the valence of the 
metal. CURRENT EFFICIENCY is the ratio of the weight of metal deposited to 
this theoretical maximum, usually expressed in percentage. The lack of 
effectiveness that such a statement of efficiency may indicate does not reside 
in the current itself but arises from the solvent action of the electrolyte upon 
the cathode metal; this dissolving action may counteract the precipitating 
action of the current to any extent. CURRENT DENSITY is limited, in copper 
and zine deposition, by the fact that a smooth, adherent deposit of metal is 
desired and that excessive current density causes flocculent, spongy or tree- 
like deposits. (For other factors influencing character of deposit see p. 958.) 
In copper deposition with the usual solutions a current density of 8 to 10 amp. 
per sq. ft. of cathode surface has proved best; in zinc cells, with 3.5 to 7.5 per 
cent. acid content, 20 to 31 amp. According to a recent patent (Tainton, 
1,491,498), with 22 to 27 per cent. sulphuric acid present in zinc sulphate solu- 
tion, and a temperature of 60° C., it is advantageous to use a current density 


as great as 100 amp. per sq. ft. - . 
Voltage is determined by the composition of the solution and the spacing and 
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composition of anodes and cathodes. In copper cells with solutions containing 
about 2 per cent. copper as sulphate, 0.5 to 2 per cent. ferrous iron and about 
3 per cent. free acid, which may be looked upon as an average condition, with 
lead anodes and copper cathodes spaced about 2 in. face-to-face, and with 
temperatures not exceeding 60° C., the normal voltage drop from anode to 
succeeding anode is two volts. At Tram in zinc cells with 6 to 8 per cent. zinc- 
sulphate solution at 60° C. and lead anode and aluminum cathode spaced 
about 2 in. face-to-face, the normal current density for a smooth, adherent 
deposit is 20 to 31 amp. per sq. ft. and the voltage 3.9. 

Cell. The transverse section is determined by the convenient size of 
cathode; length by the reasonable size of the bus bars. Table 2 shows some 
recent practice. : 

Table 2. Size of electrolytic cells 


Length Width Depth Number of 
Plant 

ft. in. | ft. in. | ft. in. | Anodes |Cathodes 
SRatanees sisicee ins Cale cle side Genes © oi oe 55 7 3 2% 4 3 115a 110a 
New Cornelia...... Sie etarereleleleiel cotebetaters 29. 7 4 9 Ames 84 83 
Chile’ Copper! 0.2.5, o0.cw.ers eeleu sige 53:53 1S es a Ss 5 10 56 55 
Anaconda....... Siete RickSte e's esters ep RULSeeo 2 10 yw 1 0 28 27 
Cons. Min. and‘ Sim. Gow sauesild. Stake 62 ¢8 2°63 3) 16 17 16 


a In five groups. 


Cells are usually made of wood lined with sheet lead; reinforced concrete 
lined with a mixture of sand and sulphur is used at Trart (34 IMM 2); 
reinforced concrete and asphalt lining at Chuquicamata (45 AHS 381). 

Anodes are insoluble. Carbon is theoretically ideal but practically, in a 
non-diaphragm cell with sulphate electrolyte, when the cell becomes polarized 
and the voltage rises oxidation of iron decreases, gas collects, and the anode 
disintegrates. 


Van Arsdale (U.S. Pat. 1,553,415) proposes a composite anode with exactly the propor- 
tion of carbon area, in conjunction with lead or other suitable insoluble anode material, 
required to oxidize a certain definite amount of ferrous sulphate and leave no destructive 
excess of anodic oxygen. Lead anodes are satisfactory in sulphate electrolytes free from 
chlorides and nitrates (115 J 20) and are used at New Cornetia, ANACONDA and Cons. Min. 
AND SM. Co., but cannot be used at Catnm Coprrr Co., owing to the presence of chlorides. 
Hollow cast magnetite anodes proved too brittle at the latter plant; Durrron and many 
other alloys were tried; ‘‘Cu1L»x,”’ essentially an alloy of copper, silicon, iron and lead with 
a small amount of tin and about 4 per cent. manganese is now used (46 AES 381). 


Cathodes for copper are copper sheets; for zinc, aluminum, from which the 
zine deposit is subsequently pecled off. 


Anodes and cathodes are usually hung transversely in the cell, but are placed longi- 
tudinally at New Cornea. (This arrangement was first used by the writer in the Kny- 
STONE experimental plant in 1913.) Spacine must not be so close that short circuiting can 
occur because of ‘‘trees’’ or buckling. Glazed porcelain insulators are used at Aso (114 
J 188). Spacing depends upon the thickness of anode and cathode; with 14-in. anodes, 
spacing ranges from 5 in. to 4in. orless. Pow»r and capacity are affected by the spacing. 
At Cutten Copprr Co., with ferro-silicon anodes, current efficiency decreased with reduc- 
tion in spacing from 5- to 4-in.; with CuiLpx anodes, increased capacity and proportion- 
ately increased power efficiency followed reduction in spacing (45 AEBS 381), 


Character of solution. Certain impurities (substances other than the 
desired salts of the sought-for metal and, in most cases, a residue of the leaching 
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chemical) have decidedly harmful effect in electrodeposition; e.g., ferric sul- 
phate causes re-solution of precipitated copper; arsenic (one part in 100,000), 
antimony and cobalt lower current efficiency in zinc deposition (26 CME 596); 
excess of iron prevents smooth deposition of copper; and iron, vanadium, 
cobalt, nickel, arsenic and antimony must be practically excluded from zinc 
cells for the same reason; any metal of lower decomposition voltage than the 
metal to be deposited will deposit and in addition to its effect on purity 
(which may be negligible), decrease current efficiency and may harmfully 
affect the character of the deposit; solid particles in suspension cause irregular 
and non-adherent deposition. Certain other impurities are helpful; thus in 
copper deposition ferrous salts combine with anodic oxygen and prevent 
voltage increase from polarization; sulphur dioxide acts similarly and like- 
‘wise prevents formation of ferric sulphate, which would re-dissolve copper; 
manganese prevents attack on the anodes in zinc cells; certain colloids, e.g., 
glue, retard or overcome the harmful effect on deposition of certain impurities 
(26 CME 601) and Tainton (PP 1301 A) says that glue, about 3 lb. per ton of 
zinc precipitated, or some similar colloid, is essential for smooth zinc deposits 
with high current density. 

Removal of impurities. A neutral wash is used for zinc. It consists in 
neutralizing the acid in the pregnant solution by addition of roasted ore with 
either calcium carbonate, zinc oxide or zinc powder, in the presence of man- 
ganese dioxide or other oxidizing agent, ferric sulphate and copper sulphate. 
This operation is usually carried out in a series of Pachuca tanks at 40 to 60° 
C. The precipitate is separated by decantation and filtration (see Fig. 7). 
CopprER SOLUTIONS are usually purified by discarding a portion of the solution 
over scrap iron, as necessary. If the amount of such discard is great, the cost 
of the operation is seriously increased on account of the expense of refining the 
cement copper produced. 

Oxidized copper agitated with heated cupric sulphate solution at 75 to 80° C. will pre- 
cipitate salts of iron, arsenic, antimony, bismuth, cobalt, nickel, etc. (© MI 192). Chlorine 
is reduced to less than 0.5 gm. per liter at CuiLte Copper Co. by agitation of the copper- 
bearing solution with cement copper; this reduces cupric chloride to cuprous chloride, which 
is insoluble and is separated by decantation. The cuprous chloride is then dissolved in 


ferrous chloride and cement copper is recovered by passing the solution over scrap iron 
(M. D. Thompson, Applied electrochemistry, Macmillan, 1914). 


Precipitation is the most difficult part of hydrometallurgy; the fore- 
going text is meant only to give a general idea of the art. For details see 
Principles and applications of electrochemistry, Creighton & Fink, Vol. HU, 
and the recent files of Amer. Inst. of Min. and Met. Engineers, Amer. Elec- 
trochem, Soc., and Chem, and Met. Eng. 


6. Amalgamation 


Amalgamation is the process of collecting metallic gold and silver with 
metallic mercury. The mixture formed, called amaLGam, is not completely 
understood, it is variously called an alloy or compound. Practically the 
yhenomenon of amalgamation may be looked upon as wetting of metals by 
mercury, as a result of which the metals are drawn into the body of the mer- 
cury. The latter can be driven off by heat. Most gold ores yield a certain 
recovery readily; the tellurides are an exception. If high recovery is obtain- 
able by amalgamation the ore is called FREE-MILLING. ; 

Plates. Amalgamation is usually performed in broad, shallow, sloping 
troughs in the bottom of which amALGaMATED (mercury-coated) copper 
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plates are placed. These are called APRON PLATES. They are usually but not 
necessarily placed directly after the fine-grinding machines. BaTTERY 
PLATES are those within a stamp mortar. They are rarely used on account of 
the scour of the pulp and the fact that they necessitate wide mortars with con- 
sequent reduction of capacity. 

Apron plates are usually in. thick; thin plates buckle and cause uneven flow of pulp; 
if there is much scour, as on battery plates, 14-in. plates are used. Usual wrpTus are 4 to 5 
ft. (corresponding to the length of a battery mortar); LENGTH, 8 to 12ft. The arma ALLOWw- 
ANCE, when amalgamation is principally relied upon for recovery, is 3 to 4 sq. ft. per ton of 
ore per 24 hr. S iope is 144 to 2 in. per ft. 

Surfacing plates. Copper is usually plated with silver (114 to 3 oz. per 
sq. ft.) and then dressed with mercury or, better, an amalgam of mercury with 
silver. Sodium amalgam (3 parts sodium to 97 parts mercury) and certain 
other amalgams such as zine and cadmium resist surface contamination and are 
sometimes used for this purpose. Amalgam does not penetrate the plates, 
hence the kind of copper used makes no difference (A. J. Clark, PC). 

Fundamental requirements in plate amalgamation are: (1) that the pre- 
cious metals shall be free and have clean metallic surfaces; (2) that they 
shall be flowed over the plate in a pulp sufficiently fluid to permit metallic 
particles to sink readily; (8) that the velocity of flow be sufficiently low that 
the precious-metal particles can sink to the plate surface and yet high enough 
that other constituents of the pulp cannot remain permanently at rest thereon; 
(4) that the plate surface be clean and bright; and (5) that the amalgam be 
sufficiently soft (fluid) to permit it to spread over the metal particles. Bright 
metallic surfaces are usually obtained in grinding. Pulps normally contain 
10 to 20 per cent solids; any higher solid content decreases the mobility of fine 
particles materially. The velocity and thickness of the pulp stream should 
be such that the pulp progresses in a series of waves; contact of solid particles 
with the plate may be increased by drops of an inch or more; amalgam builds 
up at each such drop. Plate surfaces are best kept bright by keeping grease 
away, preventing banking, and by brushing, scraping with a rubber, wood or 
steel scraper, and by scrubbing. If these expedients are insufficient it may be 
necessary to use special amalgams or chemicals to counteract the particular 
coating influence. Soluble sulphates, such as zine and iron, cause crusting on 
the plate surface with consequent lowering of extraction. Certain minerals 
such as pyrolusite, sulph-arsenides, and sulph-antimonides, and grease or oil 
prevent coalescence of mercury globules; the mercury is said to be sickKENED 
or FLOURED; it is no longer a good collector nor will it remain on the plates, but 
passes on and must be caught by some method of gravity concentration, e.g., 
an amalgam trap (settler) or a shaking table or vanner. 

Amalgam on plates hardens with loading up of the mercury with precious 
or other metals and then fails to catch and hold further metal. This condi- 
tion is overcome by adding more mercury, or by scraping, in case the hardening 
is a surface effect only. ' 

Clean-up to recover metal is made periodically. The procedure is to first 
wash off all ore, then heat the plates, preferably by live steam under a cover- 
ing of planks, and then to remove all amalgam that comes off readily with a 
wood or steel scraper. The plates are then dressed again with mercury or 
dilute amalgam. The period between clean-ups is determined principally 
by the metal content of the ore. The collected amalgam is squeezed in cham- 
ois skin to express as much free mercury as possible, then retorted (see Art. 7). 


Loss of mercury averages 0.07 1o 0.15 troy oz. per ton crushed (116 P 483), 
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Intensive amalgamation consists in the use of aids to contact or union of the precious 
metals and the mercury, e.g., passing a small low-voltage electric current through the plate; 
placing iron bars on the plates and milling in salt water (sea water); placing plates on the 
walls of a centrifugal machine; grinding in the presence of mercury, etc. Except for the 
last expedient, the results do not justify the expense. 

Blankets are sometimes used when very coarse gold or an excess of sulphides is present. 
See Sec. 2, Art. 19. 


Amalgamation vs. cyanidation. Amalgamation is cheaper, less compli- 


cated and recovers coarse metal more readily; on the other hand it is rarely 


that the recovery is sufficiently high to justify the use of amalgamation alone, 
so that the practical choice always is between amalgamation plus cyanidation 
and cyanidation alone. This question is ordinarily resolved by the coarseness 
of the precious metal; if coarse and amalgamable, use amalgamation on 
account of the reduced time required for cyanide leaching after removal of the 
larger metal particles, and the probable greater recovery; if the precious metal 
is readily amenable to cyanidation, then introduction of amalgamation must 
be justified on the basis that it makes part of the metal more quickly available; 
that, due to the cheaper recovery of a part of the metal by amalgamation an 
overall saving is accomplished; or that sending impoverished feed to the 
cyanide plant permits less careful and therefore sufficiently cheaper operation 
there to more than make up for the added expense and complexity of milling 
with amalgamation in the flow-sheet. Amalgamation, on the other hand, 
precludes milling in cyanide solution and has indirectly been a most potent 
factor in the complacent use of the stamp battery. 


7. Melting precipitate 


Precipitate and sponge gold or silver from amalgamation are melted down 
into bars, slabs or ingots for marketing. Ordinarily some refining is done 
at the same time. The scale of the work varies, according to the quantity 
treated, from an assay-office operation to large-scale copper refining. 

Amalgam. Free mercury is first squeezed out of the amalgam, the residue 
is charged into a cast-iron retort and the latter is gradually brought up to 
bright red heat, when the last traces of mercury are driven off. The remain- 
ing SPONGE is melted with borax or other suitable flux in graphite crucibles, 
and poured into heated-cast-iron moulds, coated with graphite and usually also 
with paraffin or tallow. 

Cyanide precipitate. If from zine boxes, the precipitate is washed and 
screened on 20- to 60-mesh screens, to remove undecomposed metallic zinc, 
which is returned to the zinc-boxes. Undersize is collected under water in 
settling tanks and dried in flat pans. Sometimes a hot dilute sulphuric acid 
wash is given to remove fine zinc. Dried precipitate.is melted in graphite 
crucibles with suitable flux, e.g., borax, or a mixture such as 15 parts borax, 
8 parts soda and 4 parts silica sand. With zinc-dust precipitation in filter 
presses, the precipitate is washed and dried by a current of air in the filter 
press, then melted in large crucibles (400-lb. charges), or special carborundum- 
lined, egg-shaped furnaces heated by oil through the trunnion; or in small 
blast or cupola furnaces with litharge and a flux, usually borax. The resulting 
bullion is cupelled. 

Copper cathodes are not treated locally. For melting and refining prac- 
tice see Copper refining, L. Addicks (McGraw-Hill, 1921). Cathodes from 
chloride solutions are subject to large refining losses. 

Zinc. An ordinary coal-fired reverberatory is used. On account of rapid 
oxidation, the cathodes must be got beneath the surface of a molten bath of 
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zine as quickly as possibie. Fortunately the demand for zinc oxide in 
neutralization of solutions before precipitation will care for any reasonable 
amount of oxide produced. The dross and oxide may represent 20 per 
cent. of the weight melted. 

At Cons. Min. anv Sm. Co. a melting temperature of 1250° F. is maintained by pyro- 


metric control. Only large slabs are charged into the reverberatory; scrap zinc is melted 
down in graphite crucibles protected from oxidation. 


8. Flow-sheets 


Homestake Mining Co., Fig.1. (114/757; 52A3; 23IMM 68; A.J. 
Clare PeG?) , 


Location: Lead, 8. D. m 

Ore: Gold and silver with a small amount of pyrite in quartz. 
Assays: Feed, $3.50 to $4.00 per ton. 

Capacity: 4500 tons per 24 hr. 


Extraction: 72 per cent. by amalgamation; 22 per cent. by cyanidation; 94 per cent. 
total. 
Cost: $0.22 per ton (1925). 


Summary. Amalgamation and cyanidation. 


4-ton cars (a) 


Mercury Ore bin (b) Water 


720 stamps (c) No. 1 classifier plant (n) Air, 


Sand Overflow wate 


! b: " 
Sand leaching vats (p) h 30 Merrill presses (0) 
—— 


Solution Solution | J 
Sand tailing Gold solution tc t Cake 


6 Dewatering cones (d) 
Overflow Mercury 


6 rod mills (e) 


nk i 
Gold solution Slim 


‘Ve Crowe vacuum “435 
6 Dorr classifiers (f) ri Gute om tailir 
Sand Overflow 
Mercury lates Pump dust Purp , Zine 
Plates (9) matnant Filter press dust 
fates (g malgam eel ; 
Y Cake ——‘Filtrate Loe wea 
Cone (h) Filtrate Coke 
Lr la ee 
‘Spigot Overflow 
Dorr classifi , 
OEE) Refinery 
Overflow ‘Sand ae We) 
Tube mill (i) Slag atte 
‘| Gold-siluer 
Plates (k) Settling cones (1) mal 79 


Overflow Spigot. 
Pocohantas mill (r) 
Settling cones{m) 


Overflow Sand 


Americus mill (q) 


Slime tailing 
Fic. 1.—Homestake Mining Co. 


a, Ore crushed at mine to 2-in. (see Sec. 3, Fig. 16). 4-ton cars, mine to mill. b, V-shaped, 
7200-ton capacity. c, 1550-lb. stamps, 100 @ 8-in. drops per min.; order, 1—3-5-2-4; 
4%-in. screen; battery amalgamation; Challenge feeder; short trommel ahead of stamps to 
by pass fines. d,6 @7 ft. (diam.) X 7ft. e,6 @5 X 10-ft. 22r.p.m.; 100 hp., 29,000-Ib. 
charge; 200 tons per day each. f, 6 @ 4-ft. 6-in. X 21-ft. 4-in. Dorr duplex classifiers; 
2)4-in. per ft. slope; 26 strokes per min.; overflow, —80-mesh. g, 24 @9 X 12-ft. amal- 
gamated copper plates, 4% in. thick. 2 oz. silver per sq. ft.; 21.6 sq. ft. of plate per stamp; 
each stream flows over two plates. h, 4 @7-ft. dewatering cones. i, One 5 X 14-ft. tube 
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mill. 


cones. 


Jj, Dorr classifier. 
m, Eight 7-ft. settling cones. 


k, Two 9 X 12-ft. amalgamating plates. 
n, No. 1 dewatering plant; eight 10-ft. and eight 
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1, Eight 10-ft. 


963 


settling 


7-ft. cones; three 32-ft. Dorr double-tray thickeners; plant preceded by two banks of cones. 


o, 30 Merrill filter presses; each with 90 frames, 4 ft. X 6 ft. 4 in. 
Daily capacity, 70 tons; 33 lb. pressure. 


of slime. 
Treatment time about 15 min. 
sand capacity. 
charge at a pressure that will not disturb the bed. 
About 75 cu. ft. of oxygen absorbed per ton of ore. 

_g, Amicus mill. 240 @ 1000-lb. stamps, 5-tube 
mills, 5200 sq. ft. of amalgamating plates, 8 
cones. r, Pocahontas mill. 160 @ 900-lb. stamps, 
2900 sq. ft. amalgamating plates, 4 cones. 


United Eastern Mining Co. Fig. 2. 


(119 J 436, Q.) 


Location: Oatman, Ariz. 

Ore: Gold and silver in very finely divided 
state in quartz-calcite gangue with some ande- 
site. : 

Assay of feed: $19.80 per ton (aver. 1917- 
1924, incl.). 

Capacity: 325 tons per 24 hr. 

Extraction: 96.6 per cent. 

Cost: 1917-1924 incl., average. 
table. 

Cyanide consumption: Aero brand, 0.713 lb. 
per ton. 


See adjacent 


Summary. All-slime cyanide. 


Thickener No. 1 (3) 
Overflow Spigot (k) 


Fat 
Agitator (1) 

NA v 
v Agitator (1) 
eo 


Gold solution Thickener No, 2 
Overflow Spigot 
Filter press (m) . 
Thickener No. 3 


ga RE PY E, 
Overflow Spigot 


Gold tank Agitator (1) 
q 4 Thickener No. 4 
me Vacuum (n) Agitator (l) 0 erflow ~Bhinot 


ust 


\Grecinitation press (0) Agitator (1) Thickener No_5 


One press holds 26 tons 
(Increased from 16-lb. pressure.) 
p, 24 sand-leaching vats, 44 ft. (diam.) * 9 ft. 610 tons 
Canvas-covered false bottom. Ore drained and air forced through the 


Fresh water 


Item $ per ton 
General expense.......... 0.161 
highting at see ae: le, 0.005 
Waiter si: sleds deranteul Bers 0.108 
Coarse crushing.......... 0.055 
Coarse grinding..........} 0.356 
Fine grinding: sliced ..dec% x 0.469 
Cyatiding$ ) anism eee..>s 0.523 
Tailing disposal..........] 0.025 
Classification: .i....3...4.-( 0.033 
Precipitation «tviett dean. s 0.095 
Refinintl gure iestii Leia. ieock 0.074 
Sakaplin git thea ss welt ..| 0.003 
Aspe yi hi. He ater tees 0.031 
Re-treating skimmings....| 0.014 
Millheating: i826. 25 0.031 
Solution-recovery system.. 0.010 
Experimental work.. ..... 0.001 

Ota cc ca i eperiee rei $1.994 } 
Big Jim ore United Eastern ore 


Aerial tram 


Grizzly, 
Oversize 
Bin 


i 
2/4-ton skip (a) 


2-in. 
Undersize 
Bin 


No. 6 Telsmith, set 2-in. (c) 
to. 


Conveyors (d) 
Hill bin (e) 


Marey mills (J) 


Dorr classifier (b) 
ay 


Precipitate Barren solution Overflow Spigot Sand Overflow 
Agitator (1) Distributor 
Z Thichener No, 6 “ 
Tilting furnace (p) Agitator (1) rt Overflow Spigot Mill solution Duplex classifiers 
J 1 Sand Slime 
je Thick No. 7 
Ba ata a Ball mills (g) 
a Overflow Spigot 
Waste (r) Callow cones (h) 
Overflow Sand 


Fic. 2.—United Eastern mill. 


a, Mill at collar of United Eastern shaft. 


implex: slope, 3-in. per ft., 34 strokes per min. 
his a : Merrick weightometer on conveyor. 


250 ft. per min. 50 tons per hr. 


x, feedi onto 18-in. pan conveyor. : 
ee g, Three 5 X 6-ft. ball mills, 


Bach in circuit with one 54-in. duplex Dorr classifier. 


26 r.p.m., 67 kw., in closed circuit. 
with 35-lb. T-rails. 


per ft., 18 strokes per min., overflow maintained at 5 


f i Eastern ore, 85 per cent. — 200-mesh; Big Jim, 
So EES ee j, One 40 X 12-ft. Dorr thickener. 


i, Two No. 3 Abbe-Frenier pumps. 


c, 35 tons per hr. 


Frenier pump (1) 


Big Jim ore brought in by Riblet aerial tram. 
d, 18-in. + 20°, 
e, 24 X 24-ft. flat- 


f, Two 6 X 414-ft. Marcy ball mills, 


solution to 1 of solid. A, 


28 r.p.m., 48 kw., lined 
Slope 24% in. 


Two 8 ft. 


92 per cent. — 200-mesh. 
Spigot, 50 per cent. 
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solids. 3.87 sq. ft. per ton of solid. k, Duplex, Campbell-Kelly, No. 4 diaphragm pump. 
1, Seven 24-ft. (diam.) X 14- and 16-ft. (deep) Dorr agitators. Duration, 52thr.; total con- 
tact, 146 hr. m, Merrill central-sluicing clarifying filter, with 28 frames 42 in. square. 
Sluiced once or twice every 8-hr. shift; acid treated with 1-per cent. hydrochloric acid every 
3 days; sluicing time, 10 min.; acid treatment, about lhr. mn, Crowe vacuum. 4 X 10-ft. 
receiver, 6-in. inlet at center of top. 23.4 ft. above the solution level in the steady-head 
tank, Solution poured down over perforated trays. Depth in receiver, 30 in.; regulated 
by float butterfly valve in intake pipe. Solution drawn from bottom of receiver by 7 X 8-in. 
triplex pump, glands 32.8 ft. below solution level in receiver; the column is under vacuum, 
insuring slight pressure at the pump glands, thus preventing admission of air. Zinc dust is 
fed by a screw feeder directly to a cone from which it is drawn by the precipitation pump, 
and mixed with vacuum-treated solution, then pumped to the precipitation press. Strength 
of solution 1.8 lb. KCN per ton, 1.0 lb. CaO, 0.27 to 0.44 oz. gold; silver, 14 oz. per oz. gold. 
o, Two Merrill presses each with 32 triangular 36-in. plates, dressed with four thicknesses of 
sheeting; inner sheet is burned on removal. Precipitate contains 45 per cent. water. Pp, 
Flux: 12 per cent. borax glass, 12 per cent. sodium bicarbonate, 6 per cent. manganese di- 
oxide, 3 per cent. bottle glass, 10 per cent. or more of slag from previous melts; put in No. 8 
paper bags. The charge is fed into a No. 150 Case tilting furnace, using No. 125 long-lipped 
graphite crucibles containing 600 to 1000 oz. bullion and 40 to 50 Ib. slag each. gq, Bullion 
buttons re-melted and cast into bars; average weight, 1800 oz. Ground slag is concen- 
trated on a small Deister table. 1, Tailing is distributed to various ponds through 6-in. 
slip-joint pipes; minimum grade of 3°. Tailing is deposited in benches 8 to 12 ft. high. 
After standing for several months, the accumulated layer of surface salts is of sufficient value 
to gather. Three ‘‘crops’’ of salts are collected and fed to the re-grinding mills. 


Nipissing Mining Co. Fig. 3. (31 Ont. Dep. Mines 280.) 
Location: Cobalt, Ont. 


Ore: Native silver and arsenides of cobalt and nickel in calcite gangue. 
Assay of feed: 44.78 oz. Ag (1923). 

Capacity: 230 tons per 24 hr. 

Extraction: 94 per cent. 

Cost: $4.60 to $5.39 per ton (1923). 


Summary. Concentration and all-slime cyanidation. 


Run-of-mine ore Run-of-mine ore 


Concentrate Tailing 


2 @ 15-ft. Dorr 
bow! classifiers 


Surface tramway _—:18x36-in. jaw crusher, set 3 %-in. 


Gyratory crusher, set 3%in, Aerial tramway Re-cleaning table 


Concentrate (b) Middling Tailing 
Slime Sand 

\ 
4x20-ft. tube mill 


Storage bin 
Relt Blears 
Magnetic pulley 
No. 4 gyratory crusher, et 1.5-in, ci cha 


Belt conveyor Underflow (e) Overflow 


, v 
Bucket elevat Cyanide vats (d) Circulating soluti 
money | "l 0.12%KEN solution to ammenecie 
Battery bi Filter-stock vat | : 


40 @ 1500-Ib. stamps, 4-mesh screen 
12 Wilfley tables 


Butters filter (e) 


Residue Proguane solution 
to tailing, pond 


v 
Concentrate Tailing Clarifying press 


Re-cleaning table’ | Dorr duplex classifiers Na, § precipitation 


Concentrate Middling Tailing| Slime Sand Ag28 precipitate 
y 
(a) |3 @ 6x20-ft. tube mills 


Wilfley tables 


Precipitate desulphurized 


Refinery (f) 
v. 
Bullion 


Fic. 3.—Nipissing low-grade mill. 


a, 6 to 10 per cent. + 200-mesh. 6, Treated further in high-grade mill. 


3 : A c, 29 per cent. 
solids. d, Cyanided by charge system. Agitated mechanically for 50 hr. in solution main- 
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tained at 0.25 per cent. KCN. Acrated by 6-in. air lift during agitation. Pulp then set- 
tled 8 hr., pregnant solution decanted, and the residue again agitated with new solution. 
e, 72 leaves, 40 tons solid per 334 hr. f/f, Sulphide precipitate reduced to 999-fine silver by 
treating in solution of caustic soda with aluminum ingots. 


New Cornelia Copper Co., Fig. 4. (60 A 22; 6 MMt 524; 119 J 286.) 


Location: Ajo, Ariz. 
Ore: Malachite and chrysocolla in silicified monzonite porphyry. Some chalcopyrite 


_and bornite. 


Assay of feed: 1.5 to 1.6 per cent. Cu. 

Capacity: 5000 tons per 24 hr. 

Extraction: 78 per cent. 

Cost: Crushing, $0.157; leaching, $0.275; precipitation, $0.0217 per ton of ore (Power, 
$0.0075 per kw.-hr.) 


Crushing plant(a) 
28-in. conveyor 
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Discard 
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Fic. 4.—New Cornelia Copper Co. 


a, See Sec. 3, Fig. 5. 6, The flow lines with respect to the variously-numbered tanks 
are representative of the status on any given day. On the day following the one repre- 
sented, tank No. 7 would be charging; No. 9, excavating; No. 8, empty; No. 10, washing; 


No. 6, 1-day leach, No. 5, 2-day leach, etc. 
Summary. Sulphuric-acid leaching. The operation consists of five steps: 
(1) Crushing from steam-shovel size to —3-in. 
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(2) Charging the lixiviation tanks with dry ore. This step includes sub- 
merging the ore with solution, and circulating solution until it is clear. 

(3) Leaching proper, which, although the ore remains fixed, is, in effect, 
a counter-current operation in which the newest ore has the weakest acid 
(0.3 per cent H2SO, on first day increasing up to 2.3 per cent. on the eighth 
day). 

(4) Washing, fresh water being added as the final wash; each preceding 
wash stepped up until that richest in copper advances to the stock-solution 
tank. 

(5) Discard of tailing. 


Inspiration Cons. Copper Co., Fig. 5. (78 A 58). 


Location: Miami, Ariz. 

Ore: Oxidized copper minerals in silicified schist and decomposed granite. i 
Assay of feed:' 1.23 per cent. Cu. 

Capacity: 4500 tons per 24 hr. 

Extraction: 85 per cent. (est.). 


/ 


Summary. Ferric-sulphate leaching. 
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Coarse crushing 
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Fie. 5.—Inspiration Copper Co., leaching plant. 


a, Charging by conveyor belt and spreader bridge requires two days for 9000 tons. 
b, Acid solution, 25.6 lb. 60° Bé. acid per ton of solution. c, 2250 gal. per min. d, Washed 
3 days; 6 unit washes of 40 gal. per ton of ore; each wash advanced after each cycle, the 
strongest going to the tank house for electrodeposition. A circulating wash is finally pumped 
through until sufficient soluble copper is removed. A portion is then advanced to No. 6 
wash-storage tank and is replaced by the same volume of fresh water, which may, if necessary 
be passed through the leached ore to recover iron as needed. There is no discard of ore 
tion. @, Advance from fresh water. /, Anodes have exactly that proportion of carbon area 
in conjunction with lead or other suitable insoluble anode as is necessary to oxidize a certain 
definite amount of ferrous sulphate and leave no destructive excess of anodic oxygen. 
Solution, 2.5 to 3 per cent. Cu; 1.5 to 2.5 per cent. total Fe with ferric iron up to 1 per cent.; 
acid 3.5 to 7.5 per cent. Current density is sufficiently high to counteract, to a commercial 
degree, the solvent action of ferriciron upon the cathode; about 15 amp. persq.ft. Current 
efficiency is about 60 per cent. or 24 Ib. copper per kw.-hr. FF, ft, fl, fl, IV, fV: The flow 
lines marked F from the tank being charged to the leaching circuit (f1, etc.) and to the wash- 
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ing circuit and to ‘‘emptying”’ do not represent actual ‘‘flow’’ of ore, but merely indicate 
sequence of steps. The lines marked f!, etc. represent different stages of leach solution. 
7 Advancing-wash storage tanks, cap. 500,000 gal. each. m Circulating wash storage 
tank, cap. 500,000 gal. j 


Calumet and Hecla, Fig. 6. (117 J 277; 70 A 595.) 


Location: Torch Lake, Mich. 

Ore: Current mill tailing. See Sec. 2, Fig. 44. 

Assays: Feed, 0.51 per cent. Cu; tailing, 0.10 per cent. Cu. 
Extraction: 79.7 per cent. Cu. 

Cost: $0.32 per ton of feed; $0.04 per lb, of copper, 


Summary. Ammonia leaching. 
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Fie. 6.—Calumet and Hecla leaching plant. 


a, 16 steel leaching tanks, 54 ft. (diam.) X 12 ft. Water-sealed during leaching. Filled 
by portable distributor, Butters and Mein type. Numbers 1 to 8 represent successive 
operations in the same leaching vat as follows: 

1. Filling vat: requires about 6 hr. 2. Draining and leveling, 1 hr. 3. Leaching, 10 
to 12 hr. Leaching solution 30 gm. Cu, 60 gm. NHs3, and 40 gm. CO: per liter. Ammonia- 
copper ratio, 3:1. 622 cu. meters of solution per hour. 4. Wash 5 to 6 hr. with ammonia 
water to remove all copper. About 200 cu. meters of solution followed by 75 cu. meters 
of fresh water. 5. Draining, about 5 hr. 6. Steaming. A partial vacuum is maintained 
beneath the filter bottom of the tank; steam and ammonia pass downward as the charge 
becomes heated. Steam is admitted at atmospheric pressure, 12 to 13 kg. per hr., decreas- 
ing to about 4 kg. per hr. at the end of the 5-hr. period. 7. Washing with fresh water. 
8. Flushing tailing with water, about 6 hr. 

b, Solution distilled contains 35 gm. Cu, 35 gm. NH3 and 30 gm. CO» perliter. c, Copper 
changed from cuprous to cupric. This is essential to maintain the dissolving power of the 


solution. 


Consolidated Mining and Smelting Co. of Canada, Trail electrolytic zinc 
plant, Fig. 7. (841MM 2; 23 CME 227.) 
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Location: Trail, B. C. 

Ore: Zinc concentrate. 

Assays: Feed after roasting: Ag, 2 oz. per ton; Pb, 11 per cent.; Zn, 27 per cent.; Fe, 
25,8 per cent. 


Concentrates 


Roasters (a) 


Neutral Pachucas (f) 


1 
4 @ 10x30-ft. acid Rachucas (b) 2@ 15-ft. Dorr 


bow! classifiers 
manent “ Sand Overflow Zinc dust 
Bail Mill Thichene’ 40-ft. Dorr thickener 
Spigot (g) Nuerfiow Spareee co varpiow (c) 


Flotation machine 


( 
38 @ 8x20-ft. Pachuea tanks 
Zine concentrate (h) T 


Thichener Tee Thickeners 
Spigot Solution Spigot Solution Spigot Over Overflow 
: : : : f 
pee) filters Settling box Filters 
Cake Solution Cake Solution . g 
faste 


Storage dump (a) dump 


Waste dump 
Electrolytic celis (e) 


Melting furnace 


Bar zine Dross 


Heat-treatment 
furnace 
—— 


Fic. 7.—Consolidated Mining and Smelting Co. of Canada, Trail electrolytic plant. 


a, 13 @ 25-ft. Wedge roasters. Temperature on sixth hearth, 1350° F. Calcine about 
2.5 per cent. sulphate sulphur and 0.7 per cent. sulphide sulphur. 6, 0.5 to 1 per cent. 
H2SO4._ c, An amount sufficient to precipitate copper and cadmium and the remaining 
traces of arsenic and antimony. d, Contains cadmium and zine. e, Two plants 12 and 14 
electrical units each. Each unit 18 double-cell tanks of reinforced concrete, 34- to 1%-in. 
lining of sand and sulphur; inside dimensions 27 X 80 X 42in. (deep). 17 cast electrolytic- 
lead anodes and 16 sheet-aluminum cathodes. Cathodes 24 X 36 in., spaced 4 in.; anodes, 
2316 X 35 in. Cathodes Mo in. thick, supported by l-in. copper rod at one side and 
#4 X l-in. strap iron on the other side. /, Solution alkaline. g, 40 per cent. solids. h, 
About 35 tons per day, 41 percent. Zn. i, American, 8 @ 6-ft. disks. 
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DEWATERING 


DEWATERING consists in separating a mixture of solid and water into two 
parts, one of which is relatively solid-free, the other liquid-free, with respect 
to the original mixture. Substantially complete separation is attainable only 
by evaporating the water (pry1nG). A solid-free liquid fraction and a solid 
fraction containing considerably less than 20 per cent. water can be obtained 
by bringing the mixture of solid and water to one side of a porous membrane 
at a pressure greater than that existing on the other side of the membrane 
(FILTRATION). When less complete separation is sufficient, two methods are 
available. If the solid matter is in such coarse particles that solid and liquid 
are visually distinct, draining is effective. If the solid matter is so fine that 
shght movement maintains it in suspension in the water, separation is effected 
by bringing the water substantially to rest and allowing the solid to settle 
under the influence of gravity (THICKENING). 


1. Draining 


Draining is a crude form of filtration. The simplest case is that of a pile of 
wet material on a floor; the liquid settles to the lowest layers of the heap and, 
if the supporting surface is inclined slightly, runs away. Some residual, liquid 
is held by adhesion at the surface of the solid particles and by capillarity 
between adjacent solid surfaces. The volume of water thus retained depends 
primarily on the size of the particles of solid; the finer the grains, the greater 
the particle area and hence the greater the volume of retained water. The’ 
moisture content of the drained solid is higher the lower the specific gravity 
of the solid, all other things being equal. Bins may replace floors. In some 
cases a screen forms the draining surface, permitting continuous as opposed 
to batch operation. Rectangular or circular tanks are frequently used for 
dewatering fine table concentrate. 


At Santa Barpara (112 J 1056) lead-carbonate concentrate at the rate of 74 tons per 
24 hr. is sent alternately to two concrete tanks 10 ft. wide by 60 ft. long by 4 ft. deep. The 
moisture content is reduced from 84 per cent. to 14 per cent. At Le Roi No. 2 mill (1147 1121) 
about 30 tons per day of flotation concentrate is fed at one end of aseries of two tanks each 
1 ft. deep, 2 ft. wide and 22 ft. long with baffles 6 in. high at intervals along the bottom and 
double burlap screens at the outflow end. As concentrate accumulates it is tamped down 
for two or three minutes every hour or so. The material shoveled out when the tank is full 
contains only 10 to 15 per cent. moisture. The froth is efficiently broken down by flowing 
across the semi-dry surface of the settled solid. This method is not so cheap as thickener- 
filter operation but is immeasurably cheaper in first cost. 
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2. Scraper dewaterers 


Scraper dewaterers are used principally for dewatering coarse sand prod- 
ucts, and, less frequently, to effect a rough sand-slime separation. 


Shovel wheel used at Tigre Mriuine Co. (97 J 227) is shown in Fig. 1. Feed enters 
through a chute, sand settles to the apex of the V-shaped trough, is scraped up-slope 
by the wheel, revolving coun- 
ter-clockwise, and discharged 
through a slot, water or 
slime overflows a lip on the 
opposite side of the box at a 
level about 4 in. below the 
sand discharge. The V-box 
in Fig. 1 is 42 in. long and 52 
in. wide, the wheel revolves 8 
r.p-m. and treats 125 to 135 
lb. solid per min. Performance 
is affected by the speed and in- 
clinaton of the shaft and the 
character of the feed pulp. At 


Section the Santa Barbara mill of the 
AMER. SMELTERS SECURITIES 
Fig. 1.—Shovel wheel. Co. (112 J 1055) two 48-in. 


, wheels, revolving in opposite 
directions so as to raise sand along the transverse center-line of the box are set in a V-box 
9 ft. 6 in. long by 4 ft. wide. The feed is the oversize from a 0.5-in. trommel fed at the 
rate of 430 tons per 24 hr.; it contains 42.5 per cent. solids; the sand discharge, 70 per 
cent. solids. 


Sand wheel (Fig. 2) consists of a wheel (A) carrying convex, perforated 
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Fig. 2.—Sand wheel. 
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scrapers (S) at the periphery, revolving in a narrow trough (B) supported in a 
ae The wheel in Fig. 2 is 14-ft. diameter to the tips of the scraper 
lades. 


The most efficient speed for dewatering combined jig and table tailing (—9-mm.) at 
Dor Run Lmap Co. was 2r.p.m. The 14-ft. machine handled 1500 tons of such material 
per 24 hr. The sand discharge carried about 15 per cent. moisture. The power require- 
ment was less than 2 hp. A more elaborate form lifts the sand in buckets carried on a large 

_wheel dipping into the pulp, decants water as the wheel revolves and finally discharges 
ay sieves sand at the top of the revolution by automatically tilting the buckets. (111 J 
291. 


Mechanical classifiers. Tor use in de-sliming see Sec. 6, Art. 6. For use 
in dewatering concentrate see Sec. 2, Fig. 60. Table 1 shows the performance 
of Dorr ‘classifiers dewatering de-slimed coal. 


Table 1. Performance of Dorr hydro-separator (26-ft. diam.) and three Dorr classifiers 
treating separator-spigot discharge at Loree anthracite breaker (20 CA 608) 
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Cost (1921) was $0.053 per ton of recovered material for labor, power, supplies and repairs 
and $0.088 for interest, insurance, taxes and depreciation, being 20 per cent. on an invest- 
ment of $17,500 for building and equipment. 


Drag conveyors and elevators of various forms (see Sec. 20) are used 
to dewater coarse and fine granular coal. The conveyor runs in a tight or in 
a perforated trough. In metal concentrators drags, when used, are ordinarily 
applied to jig and table concentrate. 


At Britannia (113 P 696) flotation concentrate is sent to a drag elevator and thence to 
bins. The drag discharge contains 20 per cent. moisture and the bin discharge 8 per cent. 
moisture. This method of treatment is applicable only to a very quick-settling concen- 
trate. 

A drag dewaterer for fine anthracite is described by Griffen (61 A 514). The tank was 
2 ft. 8 in. wide, a flight conveyor with 6 X 18-in. flights, spaced 18 in. apart, dragged 60 ft. 
horizontally, then raised on a short incline to discharge the sand. Speed was 50 ft. per min. 
Feed rate was 800 gal. per min. of a pulp containing 13.5 per cent. solids, all through }ie6-in. 
round hole. Overflow contained 1.2 per cent. solids, which was 91 per cent. of the feed. 
Pulp was fed near the tail pulley and overflow was at the sides of the tank near the solid- 
discharge end. The dewatered material usually contained all of the 4+100-mesh coal. 

The cost (1920-21) of a machine with 4 X 4 X 100-ft. tank and 8 X 18-in. flights to- 
gether with a 65-ft. stacking conveyor was $10,250. Another machine to dewater 2000 gal. 
per min. and stack the dewatered product cost $9000. 
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THICKENING 


Turck Ente is the process of concentrating a relatively dilute slime pulp 
into a THICK PULP, 7.¢e., one containing a low percentage of moisture, by reject- 
ing liquid that is substantially solid-free. Szrruine is another name for the 
same operation. 


3. Principles 


Slime, is the term used in milling practice to describe a suspension, in 
water, of the finely-divided fraction of pulverized ore. 

The terminology is not precise, e.g., the overflow of a mechanical classifier or cone 
guarding the discharge of a grinding mill is called slime as distinguished from the coarser 
SAND, even though the separation be made at upwards of 0.5-mm. size; the overflow of a 
hydraulic classifier is called slime, more or less irrespective of the size of the coarsest grains. 
Some wrivers (41 A 398, 42 A 752) define slime as crusned rock in water when the rock is of 
such fineness that it will pass a 150- or 200-mesh (0.1- to 0.075-mm.) screen. 

The solid particles in mill slimes are rock or mineral fragments formed by 
crushing operations, and secondary minerals such as steatite, talc, and clayey 
substances that have been disintegrated and dispersed by wetting. These 
latter substances are often called TRUE SLIMES. 

A slime product separated in the early stages of reduction, which contains, 
therefore, an exceptionally high percentage of true slime, is called primary 
stimg. The product formed by fine-grinding the crystalline part of the ore 
contains but little true slime. 

Every slime consists initially of individual solid particles separated from 
other solid particles by a layer of water. Irrespective of whether the largest 
particles are 0.5-mm. (20-mesh) or 0.07-mm. (200-mesh) diameter, they are 
enormously larger than the smallest particles, large numbers of which are in 
the size range below 0.001l-mm. The difference in settling behavior of these 
two classes is much greater than that between the coarse and fine particles 
met in hydraulic classification. The granular particles settle slowly under the 
influence of gravity, at definite rates approximated by Stokes’ equation (Sec. 
6, Art. 1). The fine particles may not settle at all, or they settle at a rate so 
slow as to be of no practical benefit in thickening. The viscosity term in 
Stokes’ equation is relatively very large for these fine particles, and molecular 
effects such as Brownian movement and electrical repulsion between particles 
may effectively counterbalance any residual tendency toward downward 
motion due to gravity. These particles are in colloidal or semi-colloidal state. 

Colloids. The word cottorat describes a state of matter. A COLLOID 
is not a certain specific kind of matter but any matter in a certain specific state. 
The COLLOIDAL STATE is sub-division into molecular aggregates of such minute- 
ness that the aggregates are capable of maintaining their state of uniform dis- 
persion in a given medium, without the necessity for expenditure of power on 
the mixture. The dispersed substance, the conLorp, may be in gaseous, liquid 
or solid form and the dispersing medium may, likewise, 5« in any of these three 
states except that gas is never at the same time the disperse and dispersing 
phase. The mixture is a coLLOIDAL SOLUTION. Such solutions differ from the 
more familiar types of solution in all of the known solution characteristics 
except that of maintaining uniformity without requiring work to be done; 
they are not ionized, their boiling and freezing points do not differ from those of 
the dispersing medium, they do not dialyze nor exhibit osmotic pressure; 
finally, the dispersed particles are visible, with ultramicroscopic equipment, 
and separable by means of filters. Smmi-coLLormat particles have, in a con- 
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siderable degree, colloidal properties. The dispersed particles in a colloidal 
solution are said to be PEPTIZED or DE-FLOCCULATED. The converse condition, 
resulting from aggregation of the dispersed particles, is called rLOccULATION, 
and the aggregates are called FLOCCULES or FLOCS. 

The effective mechanism underlying colloidal solution (p1spERsIon) is 
adsorption of ions by the dispersed particles, resulting in electrical charges at 
the particle surfaces. The charges cause the particles to mutually repel each 


_ other, thus preventing coalescence and settlement. Ion adsorption is prefer- 


ential and specific to the particular colloidal substance. Thus certain col- 
loidal substances will adsorb negative ions from solutions of certain electro- 
lytes and positive ions from solutions of other electrolytes and may, therefore, 
be negatively charged in one instance and positively charged in another. 
Beans and Eastlack (37 ACS 2667) show that only those ions are adsorbed 
that will, under proper conditions, enter into chemical combinations with 
the dispersed substance, and that the amount or intensity of adsorption is 
greatest for those ions that form with the substance chemical compounds of 
greatest stability. 

Colloidal solutions are destroyed and the colloidal substance is precipitated 
by any means that will neutralize the charges on the dispersed particles or 
separate the adsorbed ions. The commonest means of destruction is to add 
an electrolyte from which the colloidal particles will adsorb ions of opposite 
sign to those that produced stabilization. An amount of electrolyte just suf- 
ficient to neutralize the charged particles produces maximum flocculation; 
a small excess will usually reverse the sign of the charge and tend to again pro- 
duce and stabilize dispersion. (Burton, Physical properties of colloidal solu- 
tions, 1916.) Further excess decreases peptization until finally a point of 
absolute excess is reached beyond which peptization cannot be effected. 

Coalescence of uncharged particles with formation of floccules is movement 
in accord with the second law of thermodynamics. The potential energy of a 
colloidal system is relatively large on account of the large area of INTERNAL 
SURFACE, 7.€., interface between the dispersed particles and the dispersing 
medium. Coalescence decreases this surface and thereby lessens the potential 
energy of the system. 

Primary slime. Most ores and racks as mined contain both earthy secondary minerals 
that disintegrate in water to colloidal sizes, and suitable electrolytes to furnish the ions 
necessary to stabilize dispersion of the fine particles. The viscosity and density of this 
disperse system are such that coarser particles, which would settle in water, are suspended, 
if any turbulence at all exists. Thus primary slime is formed. Its satisfactory settlement 
is one of the difficult problems of milling. 


Sedimentation. When a de-flocculated slime pulp is brought to rest there 
is gradual clearing of the upper part of the liquid, accompanied by collection 
of the coarser particles in the bottom of the container. This is called sus- 
SIDENCE SETTLING (Free, 101 J 681) or SEDIMENTATION. If an actual colloidal 
suspension exists, complete settlement cannot be effected, but the overlying 
liquid will remain turbid. 

The particles that deposit by sedimentation settle more rapidly the more 
dilute the suspension, because particles in a dilute suspension are more widely 
spaced and the effects of their electrical charges on their neighbors are least. 
Dilution also lessens both the viscosity and density of the colloidal solution and 
these changes likewise aid settling, as may be seen from Stokes’ equation. 
Shellshear (8 Aa 5) and Nichols (17 JMM 328) confirm this conclusion experi- 


mentally. 
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Heating increases the settling rate in de-flocculated suspensions containing 
semi-colloidal material, probably by decreasing the viscosity of the suspending 


medium. 


Economy forbids attempts to thicken de-flocculated pulps, even when there 
is a considerable amount of semi-colloidal and granular material present, both 
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* Ordinate is the height of the upper sur- 
face of the settling material, divided by the 
total height of the water surface, expressed 
as percentage. 


Fig. 3.—Relation between settling rate 
and percentage of solids in a colloidal 
clay suspension (after Free). 


on account of the retardation of the 
settlement of the coarser material by 
the colloid and on account of the loss 
or inconvenience due to the colloidal 
solid in the liquid fraction. 
Consolidation settling is the name 
suggested by Free for settlement of 
flocculated pulps. When such pulps 
settle the solids fall en masse, clear 
liquid appears at the surface immedi- 
ately, and the liquid layer increases 
in thickness through addition of water 
displaced upward by consolidation of 
the settling solids. In Fig. 3, the 
three lower curves illustrate sedi- 


mentation, the three upper, consoli- 
dation settling. The slopes of the curves, irrespective of sign, measure 
settling rates. 

Stokes’ equation cannot be practically applied to the settling of fiocculated 
pulps, because the flocs, which consist of unstable aggregates of solid par- 
ticles holding considerable water, have in- 
determinate specific gravities; their sur- 
face is highly irregular and their shape non- 
uniform; finally they are in contact with 
their neighbors at many points, at least in all 
but the earlier stages of settling, and this 
condition violates one of the hypotheses upon 
which the equation was founded. 

Compacting settling. Ralston (101 J 768), 
werking with short (10-in.) settling columns, 
noted that when free-settling slimes reached a 
consistency by consolidation settling of about 8 
40 per cent. solids the settling rate fell off 
markedly (see Fig. 4). This phenomenon was 
not noticeable in 36-in. columns. He describes 
such settling a compacting settling. It may 
be important in shallow-tray or baffle thickeners (Art. 7), but is not in 
thickeners of usual dimensions. 


Percentage solids in thickened pulp 
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Velocity of settling, mm. per min. 

Via. 4.—Effect of dilution on 
consolidation of slimes. 


4. Flocculation 


Consolidation settling yields clear overflow and a thickened product sub- 
stantially as dense as that obtained by sedimentation. Since clear overflow 
is practically a sine qua non of pulp thickening and flocculation is essential 
to its accomplishment, means of flocculating slime pulps are of prime impor- 
tance. four means are known, viz.: (1) by addition of suitable electrolytes, 
(2) by addition of suitable colloids, (3) by guarding against production of 
too dilute feed pulps, (4) by heat. In so far as each of these methods is 


‘point of change from sedimenta- 
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Sek it must act by affecting the adsorbed ions that stabilize the slime 
colloid. 

Flocculation by electrolytes is the most effective way to produce consolida- 
tion settling. Fig. 5, compared with 
Fig. 3, shows the effect of adding 
0.25 gm. of NaCl per 100 cc. of 
water to clay suspensions. The 


volume 


Per cent.initial 
concentration 


tion to consolidation settling comes 
between 2 and 3 per cent. initial ara 

i : 5) 102000 ma 
solid concentration when the elec- Time(hours) * 


trolyte is present, instead of between Fic. 5.—Settling curves of kaolin suspen- 
8 and 9 per cent. without the gions flocculated with sodium chloride 
added electrolyte, and the rate of (after Free). 

settling is increased even at those 

concentrations at which flocculation already existed. 


The explanation of the effect of electrolytes is two-fold. Beans and Hastlack (loc. cit.) 
found that in making colloidal gold by the Bredig arc method, the amount of gold suspended 
varied with the quantity of electrolyte after the fashion of Fig. 6. If it is assumed that in a 

given slime the amount of colloid dispersed corresponds for that 

slime to the peak of the curve and that the sign of the colloid 

(7.e., sign of the adsorbed ion) is negative, then when a suitable 

electrolyte is added 7.e., one of which the positive ion is ad- 

i sorbed, the effect is to move down the left leg of the curve 

until, when substantially all of the initial ion charge is neutral- 

ized, complete flocculation exists. Ellis (9 Trans. Faraday Soc. 

: - 14), working with positive hydrate-of-iron colloid and negative 

—> Concentration of eketrolyte cylinder-oil emulsions found that the resultant of the charges on 

ss the particles varied from negative through zero to positive with 

Fie. 6.—Relation be- increasing addition of the iron hydroxide and that maximum 

tween colloid disper- instability occurred when the voltages were between — 0.04 and 

sion and concentration +0.035 volt. Addition of further quantities of electrolyte may 

of electrolyte. again produce dispersion. This means that the system is moving 

back to the right along the curve, this time with opposite sign. 

Large excess of added electrolyte again produces complete flocculation, corresponding to 
the field to the right of the point where the right leg of the curve cuts the X-axis. 


Weight ofcolloid suspended 


Electrolytes containing polyvalent ions are, when the polyvalent ion is 
adsorbed, more effective both in flocculating and dispersing than those con- 
taining monovalent ions. 


Ralston (101 J 894) states that a negatively-charged quartz colloid was equally floccu- 
lated by sodium, calcium and aluminum chlorides in amounts that varied as 1 : Mo : Weoo. 
This is a well-recognized phenomenon of colloid behavior (Taylor, General properties of 
colloids, p. 98). It indicates that the amounts of different ions adsorbed from a solution of 
given concentration, as well as the neutralizing power of the individual ions, increases with 
the valence of the ion and that the resultant increase in effect is of the general order 1 : x : x2. 
(Whetham, Theory of solution, 396.) The generally accepted ratio for metallic ions is 
1:35:1023. Ralston (101 J 894) also cites an experiment in which a given slime was 
equally flocculated by 1 per cent. of NaCl, 0.1 per cent. of HzSO4 and 0.01 per cent. of 
Feg!1(SO4)3. As between the sodium chloride and ferric sulphate, this may be looked upon 
as another instance of the greater potency of the polyvalent ion, if the colloid was negative, 
but this assumption does not explain the position of the sulphuric acid. On the other hand, 
if the colloid was positive, the sodium chloride and sulphuric acid are in line, but the effect 
of the ferric sulphate is not explained. The probability is that the colloid was negative and 
the greater potency of the sulpburic acid was due to the commonly observed fact that hydro- 
gen and hydroxyl ions are much more readily adsorbed than the other univalent ions (Tay- 
lor, loc. cit. p. 102). : : . 

Cataphoresis is the migration of colloidal particles in an electric field. The direction 
of migration is dependent upon the sign of the electrical charge on the particle. Taylor 
summarizes the behavior of susPENSOID (solid-particle) coLLorps in the statement 
that most such are negatively charged, e.g., the metals, metallic sulphides, and most other 
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metallic compounds except oxides and hydroxides; the sulphur group of elements: silicic 
and stannic acids; and a variety of other substances such as mastic, gamboge, fuchsin, 


eosin, indigo, aniline blue, etc. 


The basic hydroxide sols are positively charged. 


Effect of various substances on settling rate of ore slimes, as determined 
by Ralston (101 J 991) is given in Table 2. 


Table 2a. Analyses of ores used in Ralston settling tests, Table 2. 
Horn Ophir Grand Bullion 
Ore from... Silver, Hill, Central, Coalition, 
per cent. per cent. per cent. per cent. 
Insoluble... 53.6 51.5 69.0 12.5 
CaO We. 2.2 4.97 2.45 (by 
NE ee i 4.4 4.3 13.05 15.0 
INE O Rae iors a a 2.8 8.6 
MgO...... Tr @ ars 8.7 
ele ae 6.3 a9 0.58 29.9 
PPA tc dieses 74 3.83 0.05 0.21 
CG 0.25 1.16 1.04 0.13 
Saee es 6.13 4.69 a 0.92 
AST AP a 0.25 a a 
(COpnemeeriere 1.37 a 2.60 19.04 
of 


a Undetermined. 


With the ores tested the organic acids were strong de-flocculants as were also the inor- 
ganic acids in low concentrations. The reversal in the action of sulphuric acid on Horn 
SILVER ore with increasing concentration is in accord with Fig. 6. The powerful flocculating 
effect of the inorganic bases indicates that the general statement, frequently made, that ore 
slimes are usually negatively charged is not to be accepted without question. The experi- 
ments with sodium hydroxide indicate that the two sulphide-ore slimes, Horn Sinver and 
Opuir HI, were positively charged while the remaining two, which were oxidized ores, 
were negatively charged. The action of the inorganic salts indicates that the metallic ions 
were strongly adsorbed on the Horn S1iver slime while the acid ions were rather feebly 
adsorbed on the Granp CrenTrau. The tri-valent Al ion is shown to have been much more 
effective than the bi-valent Fe. 

Shellshear (8 Aa 12), working with 2-per cent. suspensions of extreme fineness and of 
many minerals (see Table 3) found that sulphuric acid increased the settling rate of all 


Table 3. Settling rates of various mineral powders. (After Shellshear) 
Rapid, 11% to 3 hr. Intermediate, 4 to 7 hr. Slow, 7 to 168 hr. 
Mineral Time, Mineral Time, Mineral Time, 
hours hours hours 
Biomidesss.. 12. 2 3-4 Chalcopyrite..... 4-5 Timvoxtdes.. ae anes 96-168 
Calcite ree. ame 0 t 2-3 Bornites. 0. ds 4-5 Wolframite......| 96-168 
‘CESS Aa ee eee 2-3 Molybdenite, .... 4-5 Feldspar....0.s-- 72- 96 
RV TICC Peis cic Rea 3-4 @urarvaresen, Tete 7-9 Steatiter.1.-....0)) 20— 30 
Magnetite........ QOL Pd = er DUN wae ats Micaschist ic ..t..). 50— 50 
MUL MIGCayyaiha lye sk SHO elles As dies AROS so Boh. Rhodonite.......| 48- 96 
Galenaiinnn slacks wae Sibadl: Pia oe yse tho es ee eas Scheelite......... 72- 96 
MOTICG. cans leen Dy. Do Be het ae. cahhs art eine ita? Pa SB REE IE A, | Se Oe 


classes; calcium chloride was particularly effective on silicious material; lime was not so 
potent as calcium chloride but, like it, was most effective with silicious material; sodium 
hydroxide in small quantities dispersed silicious material, but accelerated settlement in 
greater concentrations; alum and sodium bicarbonate, added together, produced a gelat- 
inous precipitate that swept down the suspension; potassium permanganate accelerated 
settlement greatly. Bruhl (107 J 1089) notes that slaked lime is 30 per cent. more soluble 
than unslaked and produces a more marked settling effect. Sulman (17 IMM 312) says 
that ammonium chloride and other ammonia salts have marked coagulative effect on slimes. 
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Nichols (17 IMM 322) found no marked difference in effect between BaCl, (83 mg. per 200 
cc.), HeSO4 (17 mg. per 200 cc.), lime (56 mg. per 200 ec.) and NaCl (167 mg. per 200 ec.) 
in a 2-per cent. pulp, but on the basis of weights of electrolyte added, H2SO, is the most 
potent. At Anaconpa (49 A 478), settling a 2.5-per cent. slime pulp to 10 per cent. in 
Callow cones, 1 lb. per ton of ferrous sulphate increased settling rate (capacity) 30 per cent.; 
2 Ib., 40 per cent.; and 5 Ib., 50 per cent. Sodium chloride, 0.25, 0.5 and 1 lb. per ton, 
respectively, increased the rate 3 per cent. to 4 per cent. only. A mixture of glue and fer- 
rous sulphate, 0.25 lb. of each per ton, was remarkably effective; it increased the capacity 
of a 28 & 10-ft. Dorr thickener from 195,000 to 311,000 gal. of slime pulp per 24 hr., and on 
round-table concentrate caused the same settlement in 1.25 min. that required 11 min. with 
untreated pulp. Nicolai (03 J 1064) found that MgCl, in the end liquor from German 
potash plants, added in the proportion of 1 cc. of solution per liter of slime, increased set- 
tling 67 to 95 per cent. 


The effect of electrolytes on settling rate is greater, the more dilute the 
feed pulp. 


Table 4 (101 J 991) shows that with 5 per cent. solids in the feed an increase of 35 per 
cent. in settling velocity is effected by addition of 0.025 per cent. lime while with 20 per cent. 


Table 4. Effect of electrolytes on pulps of different densities. (After Ralston) 


Solids CaO added, per cent. 
in feed, = 
Pe eee: 0 | 0.0031 | 0.0062 | 0.0125 | 0.025 
5 \ Increase in settling velocity, per { 0 Ww 39 39 35 
10 cent 0 1 18 ve 20 
20 J Bie le teva ele ole atc eo ele 6 ee wt bev 0 0 3 3 4 
5 Height of surface of settling solids ( 23 34 60 70 96 
when change from sedimenta- 
10 { ti é lidati tthi GC Lyrae 160 190 180 
20 ion to consolidation settling 197 197 197 198 198 
) OOCHERCOS «icon as speach eeleue alee 


solids the same lime addition produced only 4 per cent. increase in velocity over that 
with nolime. Addition of lime also caused the change from sedimentation to consolidation 
settling to take place much earlier in dilute pulps than it occurs without lime, while no such 
change occurred with thick feed pulps. 

Flocculation by colloids is a special case of flocculation by electrolytes. 
The difference is that the neutralizing ion is added attached to a colloidal par- 
ticle. The principal use of colloids as 
flocculators involves varieties that form 


ae jelly-ike precipitates. Their usefulness 
& | : : 3 : 

E | a | lies probably as much in their sweeping 
3 16 Tot r action, when they themselves are floceu- 
gu +f lated by the other colloid, as in their 
2p 2a2 i neutralizing function. 

= 10 t { The effect of several organic colloids on ore 
oS t | slimes is shown in Table 2. Some of these, nota- 
£ 8 te w- bly gelatin, exhibit both positive and negative 
FA : i : charges in the same solution (Taylor, p. 83), 
Ss i c which may explain the apparent anomaly of the 
ar equal effectiveness of gelatine as a flocculant on 
3 ; both the positively-charged Horn Sitvpr and the 
3 2 \ negatively-charged GRAND CENTRAL ores. 

“ry 


10 2 30 40 Flocculation by increase in solid con- 

Percentage solids in thickened pulp centration is illustrated by Fig. 7. 
Fia. 7.—Effect of dilution on settling Pulps containing 8 per cent. or less of clay 
rate (after Ralston). were so little flocculated that they could not be 
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cleared by settling, those containing 9 per cent. or more were flocculated and settled 
readily, The essential point here, however, is not fundamentally the concentration of solid 
but the concentration of electrolyte which was unintentionally introduced with and by the 
solid. Its presence is proven by the fact that dispersion was effected when solid concen- 
tration was low, since electrolyte is necessary to peptization. The behavior with an excess 
is that to be expected from Fig. 6. 


This method of increasing flocculation is important in mill practice, since 
to reduce the amount of water added to a slime pulp before it reaches the thick- 
eners means a saving due to lower water consumption or less return water to be 
handled. It is not always a possible solution, but the possibilities should 
always be closely investigated. Removal of primary slime ahead of hydraulic 
classifiers or jigs and send- 
ing it directly to the thick- 


: § = 0.085 

enerwillfrequentlyaccom- 2 E | 
plish the desired result. 5 $0.05 |--<e Nt a 

Dilution of feed hasan 3 3 gos " ime, 
important effect on set- 5 & 1 
tling rate apart from its  ¢ 00 as, 
effect on flocculation. a3 0.005 | Ht 

Fig. 8 (947 646), presenting 2 B 5:1 10:1 15:1 20:1 25:1 30:1 35:1 40:1 45:1 50:1 55:1 60:1 
the results of laboratory experi- F'=Ratio of liquid to solids by weight at beginning of tests 
Bon, a si yon —. Fic. 8.—Effect of dilution on settling rate (after 
increase in feed-pulp dilution. Mishler), 


Table 5 (ibid.) shows that the 

same relation holds in the mill and that laboratory settling rates are substantially: the same 
as mill performances. Fig. 4 (101 J 893) shows that the difference in settling rate is not 
merely the one to be expected by reason of the greater freedom of the falling particles in 
dilute pulps, but that at any given pulp density in the consolidating layer the settling rate 
(velocity of subsidence of the surface of the consolidating layer) is greater the more dilute 
the feed pulp. 

Table 5. Effect of feed-pulp dilution on scttling rates in laboratory and mill. 
(After Mishler) 


Mill Laboratory 
Depth in feet of 

mber Tons of oa : 
ot F D t overflow S lees oe 
averaged per 24 hr. Sage 7a 

6 3.9 Bat 155 279 0.014 0.016 

3 4.2 1.9 136 313 0.015 0.017 

3 4.5 2.0 162 405 0.020 0.018 

3 4.8 Prat 161 338 0.017 0.020 

iL ‘mal oa 161 483 0.024 0.02 

1 5.3 1.9 165 561 0.028 0.022 

5 5.5 2.6 150 435 0.021 0.023 

4 6.0 Qa 134 442 0.022 0.024 

2 6.5 2.8 150 555 0.027 0.027 

7 7.0 322 115 437 0.021 0.039 

2 8.0 3.1 128 627 0.031 0.035 

| 


F Liquid : solid ratio in feed, by weight. D Liquid : solid ratio in discharge, by weight. 
T Tons dry slime per 24 hr. S = 0.00004912 T(f-D). Mill data are results of daily samples 
over 49-day period from a 24 X 12-ft. Dorr thickener. Laboratory tests were of 10-min. 
duration and were made in glass cylinders 0.1 ft. diam. and 2 ft. high. 


Flocculation by heating. This phenomenon is quite different from that 
involved in the common practice of employing heat as a temporary expedient 
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to increase capacity of thickening tanks. Heating may increase floccula- 
tion, if the electrolyte that is stabilizing peptization is less soluble in 
cold than in warm water, and is present in excess of its soluble proportions. 
Under such circumstances heating will increase the amount of electrolyte dis- 
solved and ionized and flocculation will result from excess of electrolyte 
according to Fig. 6. 

This is undoubtedly the explanation of the case cited by Ralston (107 J 891) of a Mexi- 


can cyanide plant at which the slimes suddenly ceased to settle during a cold spell and nor- 
mal working was restored by a few steam jets introduced into the solution. 


Heating, however, does not always produce flocculation or aid settlement 
but may actually increase dispersion. 


Nichols (17 IMM 293) report’ a case in which high temperature (200° F.) with accom- 
panying violent agitation resulted in de-flocculating a pulp and thereby markedly decreasing 
its settling rate. If initial flocculation was due to a position for the system to the left of 
the peak in Fig. 6, yet undissolved electrolyte was present, heating, if it caused more elec- 
trolyte to dissolve, would cause further peptization. If, on the other hand, initial floccula- 
tion indicated a state for the system to the right of the peak in Fig. 6, then unless there was 
an absolute excess of electrolyte present, the increased activity of the water molecules 
caused by heating would, by increasing the molecular bombardment producing Brownian 
movement, increase dispersion. 


Effect of heat on slime settlement is ordinarily to increase the rate. Rich- 
ards (2 OD 1147) calls attention to this fact and Dorr (49 A 224) states that 
heating may prove an economical 


method of adding 10 to 20 per cent. 
ie to the capacity of a thickener. 
u ; , 
3 2 Nicolai (103 J 1064) states that the 
ae thickener overflow of a German lead-zine 
25 mill carried from 0.02 to 0.1 gm. solid per 
< = liter on warm summer days and 0.2 to 0.4 
gs gm. on cloudy or windy days. 

Cc 

= The effect may be due to increase 


in flocculation but is more frequently 
due to decrease in the viscosity of 
the water. (See Sec. 25, Table 2.) 


30 40 (50 
Time in minutes 


Fic, 9,—Effect of heat on slime settle- Figs. 7 and 9 summarize experiments by 


ment (after Ralston), Ralston (101 J 890) on the effect of heat 

onsettlement. He assigns all of the increase 

in settling rate with increased temperature to decrease in viscosity and shows that, for 

the data represented, the quotient obtained by dividing the time of settling to a given pulp 
thickness by the absolute vis- 

cca ee oustine whek cous Table 6. Effect of pulp temperature on settling rate of 


firms his conclusion for this Anaconda slime. (After Laist and Wiggin) 

particular set of data. Nichols 

(47 IMM $21) found that the Time to settle from depth of 17.5 in. 

rate of settlement of a 2.33-per Pulp to 3.5 in., minutes 

cent. slime increased on heating temperature, | £ 

from 60° F. to 190° F. and de- degrees F. 

creased at the same rate on Average Maximum Minimum 

cooling, which is substantially = 

conclusive that the effect was 35 Ae 57.0 29.5 

due to change in viscosity. 40 38.0 50.7 27.3 
Results of tests at Ana- 45 35.0 45.2 25.0 

conpa (49 A 479) are given in 50 31.7 40.2 23.0 

Table 6, Laist and Wiggin 55 28.5 36.0 20.5 

call attention to the fact, as a 60 26.0 33.0 18.3 

matter of practical design, that 65 23.3 29.8 16.0 

while the average settling rate 70 2122 26.7 13.8 

at the average summer pulp 75 19.5 25.0 12.0 

temperature of 50° is greater 
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than that at the average winter temperature of 38°, yet other factors may enter to make 
the minimum rate at 50° less than the maximum, or even the average rate at 38°, and they 
conclude that pulp temperature is, therefore, a relatively unimportant factor in thickener- 
plant design. 


Flocculation is a reversible phenomenon. Reversion may occur on account 
of changes in solid concentration when effective electrolytes are brought in 
with the solid, if the total amount of electrolyte present constitutes only a 
slight excess. When flocculation is effected by an added electrolyte, small 
variations either side of the iso-electric point, due 
to small deficiency or excess of electrolyte, will 
cause reversion. Changes in temperature may 
also be effective. Change in character of ore 
is another possible cause of reversion. Agita- 
tion will not usually cause reversion and even 
when such is the apparent effect, it is probable 
that some change in electrolyte concentration 


52 
48 
44 
40 
36 


32 S 


: BOON : ANS 
is the real cause. Any reversion in mill practice 24 re << cy, 
is likely to produce cloudy overflow from P10 i 


thickeners and decrease their capacity. a coh 
Depth of settling tank has no effect on set- ‘ 

tling rate with dilute feeds, 7.e., the rate of sub- re rho iecatact 

sidence of the surface of the consolidating solids Velocity, mm. per rin: 

is the same irrespective of the depth of the tank, 10.—Effect of depth of 

for any given pulp density, provided that the tank on ipblp thickenins (efter 

initial feed pulps are of the same density. Ralston), 


Perceritage solids in thickened pulp 
8 
| 


Fig. 10 presents a summary of Ralston's results (101 J 892) and Table 7 gives Mishler’s 


® data (94 J 643). 


Table 7. Effect of depth of tank on rate of settlement in dilute feed pulps.(a) 
(After Mishler) 


Height of dye Baneie Depth of | “eet ot 
ee bs Duration clear oleae 

ee = of test in |= _.=r--— = |), solution mealies 
in ran minutes Resins End at end of formed 

minnie of test | test feet per minute 
0.66 10 Luise d. 972 ial 0.05 0.005 
1.33 20 Kosa | Ott 0.005 
2.00 30 LO sel Di sy tu 0.16 0.005 
0.66 10 30 31 | 24.9 31 Opal 0.011 
1.33 20 80 248 3) 0.23 0.011 
2.00 30 SONS) 2522) tel 0.37 0.012 
0.66 10 60:1 | 24.0:1 0.39 0.039 
1.33 20 BOW elie leo Asav rane 0.76 0.088 
2.00 30 GO ele 26 asal 1.09 0.036 


a Quiet settling in glass cylinder 2.3 ft. high by 0.1 ft. diameter. ZL Liquid. S Solid. 


When the feed pulp is thick, and the tank shallow, the settling rate increases 
with the depth of tank, as is shown by Table 8. This table shows also that 
the transition between ‘‘thick” and ‘‘dilute” feed pulps comes at different 
densities, according to the depth of the tank; the greater the tank depth the 
thicker the pulp that settles at the dilute-pulp rate, Mishler points out, how- 
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ever, that the tanks used in practice are all “deep” compared to those inves- 
tigated, and that in such deep tanks the settling rate for thick pulps, also, 
is independent of the depth of the tank. 


Table 8. Effect of depth of tank on rate of settlement in thick feed pulps. (@) 
(After Mishler) 


Depth in feet of clear solution 
formed per minute 

Slime Initial Final : 

- eS, 1S 

number ratio ratio Depth of | Depth of | Depth of 

column column column 
r 16 ft. efits 2 fits 

4 fs O) ed Ee 0.0001 0.0001 0.0002 
4. rel ek 20 v1 0.0002 0.0002 0.0004 
4 a aL eG | OFOOOAA er’ Feet tre 0.0009 
4 Sey al Be Osak 0.0003 0.0004 0.0012 
4 SO ask Bee Sa | 
4 4.531 4.3:1 
4 WAT a0 1 4.5:1 
4 ee | 
4 GO sae 
1 GeO) 2k Sheard 0.0001 0.0001 0.0001 
1 Sis Oneal! (Payee | 0.0002 0.0003 0.0004 
1 9.0:1 Se Ou 0.0007 0.0021 0.0042 
1 12.001 pe Sai 0.0009 0.0087 0.0092 
1 14-0: 3-2: ieeeeee! 0.0032 0.0092 0.0094 
ng NZ Osea LG6sS1ssa: 0.0067 0.0095 0.0092 


a Quiet settling in glass cylinder 0.1 ft. diam. Hach test made by noting time required 
to form a volume of clear solution equal to !40 part of the original volume of pulp. Below 
the broken lines the slime begins to follow the principles of settling for thin slime. L Liquid. 
S Solid. 


For the effect of tank depth on density of discharge see p. 992. 

Effect of kind of mineral on settling rate is not, apparently, related to the 
specific gravity. 

Shellshear (8 Aa 7) has tested various minerals in 2-per cent. suspensions in pure water 
with the results shown in Table 3. He found that mixing rapid-settling and slow-settling 


pulps resulted in flocculation and great increase in settling rates. The extent of floccula- 
tion depended upon the proportions of the mixture. 


5. Thickeners 


Thickeners are tanks of such capacity that the time required to fill them 
at the rate of flow of the stream to be thickened is sufficient to permit the upper 
surface of the solid matter to settle a safe distance below the overflow level 
and the lower stratam of settled solid to consolidate to the desired consistency. 
They are provided with an overflow weir and one or more bottom-discharge 
openings so located as to draw off the settled solids uniformly. They are built 
either for intermittent or for continuous operation. The latter type may be 
discharged by gravity.or mechanically. Intermittent thickeners have found 
their greatest use in the Ranp gold mills; continuous thickeners, first of the 
gravity-discharge type but latterly of the-mechanical type, are almost uni- 
versal in the United States. 

Intermittent thickeners are usually rectangular tanks or elongated ponds 
fed at one end and overflowed at substantially the same level at the other end, 
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Feeding continues until the overflow contains more than an allowable load 
of solid, when the feed stream is diverted to another tank. After the solids 
have settled the supernatant clear liquid is 
drawn off through pipes variously arranged | 
for adjusting the draw-off level. The thick- Pe 
ened solid is finally flowed or pumped out 
from a sump and the tank is ready for an- Bie 
other charge. The draw-off level for liquid is : 
varied by means of pipes placed at various 
heights in the walls, or by means of a jointed stand-pipe from the top of 
which short lengths are easily removed; most frequently by means of an 
inclined pipe joined, by means of a 90° ell, with a horizontal pipe in the bottom 
of the tank. (See Fig. 11.) 

The horizontal cross-section of intermittent settling tanks should be such 
that the rate of rise of liquid therein is less than the settling rate of the surface 
of the solids in consolidation settling. 


Thomas and Osterloh (17 JCM 214) state that two slime ponds with a total circumfer- 
ence of 6000 to 7000 yd. are sufficient to handle 30,000 tons of thick Ranp slime per month. 


11.—Adjustable draw-off 
for intermittent settling tank. 


Continuous thickeners of the gravity-discharge type are typified by the 
cone; the Dorr thickener is typical of the mechanically-discharged type. In 
these machines there is continuous feed of pulp, usuaily at the center of the 
tank, continuous peripheral overflow of substantially solid-free liquid and con- 
tinuous discharge of thickened pulp from the bottom. 

Cones are typified by the Callow cone (see Sec. 6, Art. 5). 


At the Great Falls plant of ANaconpa CorpErR Co. (49 A 423) 8-ft. cones treating — 0.074- 
mm. slime were fed with slime pulp carrying 1.5 to 2 per cent. solids at the rate of 25 to 30 
gal. per min. or 0.582 to 0.698 gal. per min. per sq. ft. of settling area. The overflow con- 

‘ tained about 2 to 2.5 per cent. of the total solids fed 
Table 9. Effect of overfeeding a and 90 per cent. of the total water. The spigot prod- 


cone thickener uct ran about 8.75 per cent. solids and was dis- 
charged through a %-in. gooseneck spigot under 

Rate of feed, Solids 24-in. head. Thirty 8-ft. tanks handled 1,000,000 
gallons per recovered, gal. of slime per 24 hr. carrying 80 tons solid. At 
minute per per cent. of the Anaconda plant (49 A 473), the capacity of an 


total feed 8-ft tank treating —0.074-mm. slime from a different 


square foot ; : < 
ore, was only 12.3 gal. per tank per min. or 0.286 gal. 


0.194 100.0 per sq. ft. of settling area per min. The spigot dis- 
6.213 95.0 charge contained 9 to 14 per cent. solids representing 
On2383 90.0 90 to 95 per cent. of the total solids fed (46 A 258). 
0.272 85.0 The effect of overfeeding is shown in Table 9, 
0.301 80.0 presenting results of a test on a rectangular settling 
0.330 75.0 tank 10 ft. by 9 ft.6 in. by 8 ft. (deep), center fed, 
0.369 70.0 treating Anaconda slime with 2.5 per cent solids. 


Lead ores have been treated at the rate of 30 to 
35 gal. per min. of feed containing 1 per cent. solids, 


giving a spigot product with 25 to 40 per cent. solids and an overflow carrying 5 gm. 


er gal. . 
4 e ALASKA-GASTINEAU 8-ft. 6-in. tanks were used for dewatering a feed containing 
88.5 per cent. — 200-mesh at the rate of 20 tons solid per 24 hr. in a pulp containing 96 per 
cent. moisture. The spigot product contained 91.2 per cent. moisture and 88.4 per cent. 
— 200-mesh, the overflow, 98.3 per cent. moisture. 

At Homestake (99 J 412) 26-ft. conical-bottom tanks, 23 ft. 9 in. deep, treated 406 tons 
of slime pulp (sp. gr. 1.036) per 24 hr. making 84 tons underflow containing 33 tons solid and 
322 tons clear overflow. This pulp contained no reagent and water was at winter tempera- 
ture. Increase in the feed rate to 505 tons pulp per 24 hr. increased the density of discharge 
to 33 tons solid in 86 tons pulp, but caused cloudy overflow. 


Intermittent discharge lessens the difficulty in maintaining thick spigot 
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product from gravity cones. Fig. 12 shows a typical form. Speed depends 
upon amount of solids fed to the cone, the greater the amount the greater the 
number of openings necessary per unit of time. 


Fig. 12.—Ayton intermittent pulp- 
discharge valve. 


Baffles set at an incline in a thickening tank increase the settling capacity. 
The thickness of the layer of consolidating solid through which water 


illustrates the action. 


Fic. 13.—Effect of baffles on slime 
settlement (after Dorfman). 


Fig. 13 


must be expelled is lessened by inclin- 


Comparison of baffled and open set- ing the container, and the number of 


surface pores available for egress of 
water is increased, both of which 


changes make for an increased rate 
of expulsion. Table 10 is asummary of 
the results of tests in a rectangular tank 
3 ft. wide by 3 ft. deep by 9 ft. long at 
ANACONDA (46 A 250), with baffles of 


Table 10. 
tling tanks at Anaconda. (After Hayden) 
Feed rate, Per cent. of solids settled 
gallons per foot 
of width 
per 24 hr. Inbaffletank | In open tank 
1883a 100.0 100.0 
2000a 99.9 94.8 
3000 97.5 67.8 
4000 94.0 53.5 
5000 90.3 44.8 
6000 86.8 38.0 
7000 82.0 32.6 
8000 75.9 28.0 
9000 67.8 23.8 


corrugated iron set at 45°, tops 4 to 6 
in. below the overflow level and the 
lower ends about 9 in. from the tank 
bottom. The tank was fed at one end 
and overflowed the other; baffles were 
arranged in various positions without 
causing marked differences in result. 
When high removal of solids is de- 
sired, there is little to choose between 
the open and baffled tanks, but with 
less complete solid removal the capacity 


a Extrapolated. 


of the baffled tank is markedly greater 
than that of the open tank. 


6. Dorr thickener 


Description. 
tank (a) of large horizontal area and 
with flat or slightly conical bottom, 
a central feed well (6), a peripheral 
overflow launder (c), finally, a slow- 
moving mechanism (d), suitably sup- 
ported, carrying rake arms near the 
bottom of the tanks that serve, by 
their revolution, to move settled solids 
toa central bottom-discharge opening. 
Thickened pulp may be discharged by 
gravity alone through a suitable pipe- 
and-plug spigot, but is best handled 
by means of a diaphragm pump set 
slightly above the overflow level. 


The Dorr thickener (Fig. 14) consists of a relatively shallow 


Clear 
solution 
overflow 


e@—> — 
Thick slime discharge 
to pump or nozzle 


Fie. 14.—Dorr thickener. 


Tanks are made of wood staves, shect steel or concrete; in rare cases they are 
merely pits dugin the ground. Rake arms are set onaslope. When the fecd is 
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low-grade, the solid is allowed to build up in flat-bottomed tanks to the 
slope of the rakes, but if the feed pulp contains much value, as for instance, 
flotation concentrate, the bot.om is frequently filled in with cement concrete 
by pouring in a relatively stiff slow-setting mixture of sand and cement with 
rakes operating in the lowest position. When concrete tanks or concrete 
bottoms are used these are built to the desired slope initially. 

i The driving mechanism (Fig. 15) is fitted with a power screw (a) for changing the ver- 
tical position of shaft and rakes while operating, and 
a resistance indicator and overload alarm to call atten- 
tion to the necessity for such change. Block (b) abuts 
against the end of shaft (c) which carries the driving 
worm. If the resistance of the rakes, transmitted through 
the worm gear, is great, block (b) is pushed back against 
the pressure of spring (d) and pointer (e) is moved toward 
the left. Dangerous resistance causes the pointer to move 
over until a copper plate (/) closes an electrical circuit and 
analarm bellisrung. The remedy isto raise the rakes by 
means of (a) and to decrease the feed rate or increase the hie. isan ce 
discharge rate or both. Increasing the speed of the arms eg a Se 
will, in many cases, lessen resistance by decreasing the 2nd overload alarm for Dorr 
thickness of the layer of solid in motion toward the center. thickener. 


Discharging thickened pulp. The old method was by means of a pipex 
and-plug spigot. To discharge at some distance from this fitting, 4-in. pipe 
was extended to the discharge point and then bushed. With this arrangement 
thick discharges cause trouble due to deposition of solid in the 4-in. line. 

Hanson (109 J 858) recommends replacing the 4-in. line by 114-in. line to increase pulp 
velocity and prevent sedimentation. 

The Dorr Co. now recommends a diaphragm pump mounted at or a few 
feet above overflow level with the suction pipe attached to the tank-discharge 
opening. The pump prevents clogging and permits close and positive regu- 
lation of rate and density of discharge by means of a pet-cock tapped into the 
pump chamber below the diaphragm, which regulates pump suction. 

Cole (100 J 131) installed eight mechanically-operated 3-in. ball valves, on the 130-ft. 
thickener at ARIZONA Copprr Co., and reports satisfactory operation. At Bunker HiLu 
AND Subuivan (100 J 639) a rotating cock, opened 15 to 25 times per min. eliminated 
clogging of a gravity discharge. 


Performance at various mills is shown in Tables 11, 12, 13, 14 and 17. 


Table 11. Performance of Dorr thickener on cyanide pulps 


Bic ee SA eee ae Elko Nevada eas e Ee Liberty | United 
ee Prince | Packard & ee Bell Eastern 
Dolores | Monte 
Size, diameter X depth, ft...... 26X16 T| 28x10 305 30x10 | 33x10 | 4012 
Speed, min. per rev..2...G5. m5. 5.3 Gag |r: tet ce a a 8 10 
Feed, per cent. through 200- 

TELS) Aces Onn lp ya PCR ONG cael esc Ne 72 80 75 64 82 
Feed, percent. solide... Siu... 12 20 40 7 9 20 
Spigot product, per cent. solid..| 40-45 50 50 42 67 50 
Overflow, per cent. solid....... c c c G Cc c 
Tank area, square feet per ton # 

of solid feed per 24 hr....... 19.3 4.9 11.8 4.7 1575 4.4 
Tank area per gallon of liquid 

overfowed per minute....... 19.2 | 9.4 153 2.4 yj 10 8.7 
Rising current, mm. per second.| 0.03 0.06 0.004 0.25 0 .06 0.07 
Recovery of liquid, per cent... . 82 75 30.8 89.6 95.2 75 


T Single-tray. c Substantially clear, 
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988 DEWATERING pec. 10. 
Table 13. Performance of Dorr thickener on flotation concentrate 
Cananea Federal 
VE et peeenenck: ami cepa tie comet teuetiane s Consolidated| M. &&S., Braden 
Copper Co. Morning 
Size, <didmerens depth, ft... c20cncesules cau os 30X 6 30X12 b 
Lone installed, hp. gi ptata instar ate Z re RE, SRM eS 
Specdeaminmper revolutions... 00.50.-h secs. 4i go A ae eta 
Speed: peripheral, feet per minute............ 31.4 627 1ll.id 
Péedi-tons solid per 24 br.........5......am.- 38-44 80 772 
Feed, per cent. through 200-mesh............ 64 98a 95. 
Feed, per cent. solid....... AMES Ones to ate Seve 40 2.8 12.8 
Spigot product, per cent. sclid............... 60 58 49.2 
Overflow, per eee eo erie te Fee Peet os 0.2 c 7.3 
nk area, square feet per ton of solid feed per 
Te Raworen . he ate poe e 5 es ee Eee 5 epee. 8.8 18.1 
Tank area per gallon of liquid overflowed per 
WGTEULOs SClo kU here ccs he cic S eae a oe ame 166 1.6 17% 2) 
Rising current, mm. per second.............. 0.004 0.38 0.04 
Recovery of liquid, per cent.................. 41.7 98 92.4 
Phelps- Consolidated 
it ele Se eee Oe Eclmont, | Dodge, Arizona 
RESO ERS Morenci Smelting Co. 
Size, siameter< depth, ff... 6. anata heres ote 36X 12 39X10 40 10 
Power-installed sp. cot as -ne- der tone «- fen fo t-te «ico e napet at one 1.25 5 
Speed, min. per revolution. . 2 .2.:......2...5.. 8 3 5 
Speed, peripheral, feet per minute............ Hire 40.8 25 
Heed: tons solid per 24 hr... 2... cee ee. 45 30 125 
Feed; per cent. through 200-mesh.....4..7....)es).. 2.20 40-- SOLS" " Vigteeaes pelea & 
Feed, per cent solid....... Speak Cm ot Ge RRE RT Sorc 14 4 nts 
Spigot product, per cent solid. .............. 60-70 31 60-65 
Overtlbw,, per cent. solid. a. nw ee c € c 
Tank area, square feet per ton of solid feed per 
LTD aS Ae ce IR, See ae a codes 22.6 39.8e 10.0 
Tank area per gallon of liquid overflowed per 
DOUG OMS CLG eal iis cniel ence aon. su ME 24? 11.0 11.9 
Rising current, mm. per second.............. 0.03 0.06 0.05 
Recovery of liquid, per cent.................. 91.2 90.7 89.7 
. Chino Federal 
G1 edt ee ee tee Bunker Hill \Consolidated| Lead Co., 
a Copper Co. | No. 3 Mill 
Size;;diameter <depthy ft... ci 6 ic cee}. + cea 5 40 12 48x 20 50x 10 
a wcreimstvelie den Ws sca cas ecsve. fuse soatitca o.4.cath aot hteneutoecre a YD 5 
Speed mins permrevolutlons os cnn fot ole ae ee 11 15 
Speed, peripheral, feet per\minute. =. .)..0....6].....5. 80. 13:7 10.5 
Reedintong/solid per. 24shrie..t.2 vores ees NR 150 13 
Heed; pericent, through 200-mesh . 25.50... 6 tbe oe ed. Bee me OI SS Rea ie ge 
Peed per cent.as olds ts fa hie Mhdaty deua atric beth oh ater’ she w Wee 5H 10. Se Fie a eee hae 
Spigot product, percent. solid. .............. 35 50) es ghee eee 
Overiow, percent. isolid’: =. 1.2 cies den lose ns c if pa A es et aoe 
Tank area, square feet per ton of solid feed per 
CLAP Tits e oteent es a ko ee cates Rate deh vee a bhar. 74 12.1 | 151 
Tank area per gallon of liquid overflowed per 
TRU VO RSet’ oes. Ae ee. see ee. Chen SC oll) 5 dts Sees eae Un Sy eee ae a Se 
Rasing coment, mm.-per second’... 5 &. sake. +. salls Bhar eke ce ORLOR  Gilecoeeas «boda 
Recovery cof liguad sper cenit tess. ate she ene «dln Ab OME a ce OZR Oe + Te aA 


a Estimated. 


96.1 per cent. through 240-mesh. b 7 tanks as follows: 
1 @ 34.75 X 8.6, 1 @ 34.75 X 10.25, 4 @ 60 X 13. 


e 80 sq. ft. per ton required to thicken to 50 per cent. solids (69 A 178), 


1 @30 X 10.25, 
c Substantially clear. 


d Maximum, 


Speed of rake arms depends to some extent on the character of the feed, e.g., sandy feeds 
and those containing solids of high specific gravity require higher speeds than ordinary slime 
pulps. The usual peripheral speed of rake-arm tips on slime pulps is 10 to 15 ft. per min.; 


on flotation concentrate, 15 to 20 ft. per min.. 


Speed should not be sufficient to stir up the 


solid. With flocculent material slow speed, with consequent high resistance, gives thicker 
discharge, apparently because of consolidation under the rake pressure, 
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Table 14. Perfofmance of Dorr thickener at Middlefork washery of U. S. Fuel Co. 
(After Campbell, 63 A 686) 


{ 
| Feed Overflow Spigot 


Water speriGent.... sme cts «+ 98 99.7 47 .2 


Specific gravity... \.... ke Se « 1.0052 1.0008 1.1580 
Tons of pulp per hour(a).... 500 485 15 


a This represents the wash water from about 1200 tons of washed coal per Shr. Two 
@ 70-ft. tanks are used. 


Power consumption is very small, probably not over 0.1 hp. for thickeners under 50 ft. 
diameter, but practice is to install larger motors, particularly with individual drive, in order 
to save stalling when, for any reason, the load of solid builds up, and also to furnish excess 
power in starting up after a shut-down. 

Labor is a negligible item in operation, Except where an exceptionally large number of 
tanks is in use, operators on adjacent machines can take care of the tanks. At ANACONDA 
1 man, full time, takes care of 40 @ 28-ft. tanks. At Carino Copper Co. 1 man attends 21 
tanks of 20 to 75-ft. diameter. 

Repairs are substantially nil, barring accidents due to attempts to start after a shut- 
down when the rakes are imbedded in solid. Such accidents may be avoided by raising the 
rakes before shutting down and lowering them slowly on starting. Wooden tanks rot in 
course of time and should not be used, if long life is desired, except where metal cannot be 
used on account of the chemical character of the liquid and concrete is not justified. 


Capacity depends upon the kind of feed and the density of discharge pulp 
desired. It is usually reckoned in terms of square feet of tank area per ton of 
solid per 24 hr. or per gallon of liquid overflowed per minute. With relatively 
dense feed pulps the tonnage of solid is the limiting factor while with dilute 
pulps the volume of overflow governs. On cyanide pulps running 75 to 90 
per cent. through 200-mesh and containing from 10 to 20 per cent. solids 
the usual allowance is 4.5 to 5 sq. ft. of settling area per ton of solid per 24 hr., 
up to 15 or 20 sq. ft. when considerable clayey matter is present. The area 
allowed with cyanide pulps per gallon of overflow per minute ranges from 2.4 
to 19.2 sq. ft., average 9.7 sq. ft., but this is not the determining factor in this 
service. The rising velocity in tanks fed with the more dilute pulps was as 
high as 0.25 mm. per sec. Velocities with thicker feeds were far below this, 
which indicates that considerably more water could have been added to these 
feeds without making it necessary to reduce the solid tonnage. 

In thickening flotation-feed pulps the area allowance ranged from 1 to 20 
sq. ft. per ton of solid feed per 24 hr., average 8.4 sq. ft.; and from 1.5 to 9.0 
sq. ft. per gal. of water overflowed per min., average 3.2. These feeds con- 
tained, in general, less than 5 per cent. solid and volume of overflow was the 
determining factor. 


Ramsey (57 A 412) recommends 6 to 7 sq. ft. per ton to discharge at 20 per cent. solids. 
At Tux Mi Cuune mill (114 P 362) addition of 2 lb. caustic soda per ton (calcitic ore, 40 
per cent. limestone) decreased settling rate to such an extent that where formerly the allow- 
ance was 6 sq. ft. per ton per 24 hr. for clear overflow, 36 sq. ft. was necessary after the addi- 
tion, the feed containing 25 per cent. solids. 


Rising velocities with flotation-feed pulps ranged from 0.10 to 0.41 mm. 
per sec., average 0.19 mm. 

In thickening flotation concentrate before filtering, the area allowance 
ranged from 8.8 to 39.8 sq. ft. per ton of solid per 24 hr., average 18.4; and 
from 1.6 to 24.2 sq. ft. per gal. of overflow per minute, average 12.0. 

Ramsay (56 A 716) states that InsprraTion, ANAconDA, Ray and CuIno are thickening 


copper concentrate to about 60 per cent. solids on a tank allowance averaging 40 sa. ft. per 
ton of solid feed and that Uran Copper thickens to the same consistency in a 75-ft. tank at 
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the rate of*200 tons per day, or 22 sq. ft. of tank area per ton. Zine concentrate is easier 
to settle. Timper Butte, Burry anp Superior and ANaconpDaA allow 12 to 15 sq. ft. per 
ton per 24 hr. when thickening to 60 to 70 per cent. solids. At ArTERTHOUGHT (119 J 184) 
by taking an overflow containing 2 per cent. solid, a mixed copper-zinc concentrate was 
thickened from 25 per cent. to 75 per cent. solids at the rate of 150 tons per 24 hr. in two 21- 
ft. tanks, or 4.6 sq. ft. per ton per 24 hr. Area requirement for lead concentrate is about the 
same as for zinc. 

This is the most difficult service on account of the extreme fineness of the solid, lack 
of flocculation, difficulty of breaking up the gas-mineral aggregates, and thick spigot dis- 
charge required. Rising velocities allowed in most cases were of the order of 0.05 mm. 
per sec. ¥ 

Breaking flotation froth is one of the principal difficulties in thickening this class of 
material. It is necessary either (a) to subject bubble walls to exterior mechanical strains 
sufficient to cause rupture or (>) to so disturb the surface-tension equilibrium that they 
rupture by reason of the disturbance. 

Water jets and sprays of varicus kinds are the commonest of the mechanical methods of 
breaking. It is necessary to strike practically every bubble that is to be broken, hence 
the water must be projected at the froth as a multitude of small masses (spray) or as a num- 
ber of small streams (multiple jet) or as a sheet. The water must be under some pressure 
in order to be moving with sufficient velocity to break the bubbles, but the velocity should 
not be so high as to produce froth by cascade action. (See Sec. 12, Art. 11.) The sprays 
or water jets are applied in the launders leaving the flotation machines or are directed at the 
stream as it enters the thickener. 

Pumps and bucket elevators have been used at several plants but neither is particularly 
satisfactory. If the froth is persistent and voluminous it will not enter these machines, but 
overflows the sumps and water must be used to break it down. The cascade action at the 
discharge will cause considerable froth to form. 

At Cra Corocoro DE Borivia (112 J 983) a very tough froth was broken by running 
it into the intake of a 4-ft. X 6-in. ventilating fan running at 250 r.p.m. The fan 
handled more than 50 tons of froth per 24 hr. Bladeslasted4to6 months. Only the foam 
was sent to the fan. 

Soluble reagents that lower surface tension greatly in relatively low concentrations, such 
as pine oil, wood creosotes and the like have been mixed with the spray water at some plants. 
Water containing such reagents lowers the surface tension of the bubble films that it strikes 
to such an extent and so suddenly that the adjacent film contracts sufficiently to break the 
bubble wall at the point of low tension. 

The use of Wilfley tables as froth breakers is an application of the method of surface- 
tension change. 

When the reagent that is added is suitable for flotation in the plant, thickener overflows 
and clear water from the filter plant pumped back to the flotation machines carry much of 
the oil value with them. : 

Lime has been added at Cceur d’Alene plants to break down froth (105 J 716) but the 
probability is rather that it promotes settling, since it has not sufficient effect on surface 
tension to act from that angle. 

Frequently small-bubble persistent froth collects on the surface of concentrate thickeners 
and, if not confined, overflows. If it can be confined by a ring placed a few feet in from the 
overflow rim and extending down for several feet into the tank and up a foot or more above 
the overflow rim, it gradually dries out and compacts and equilibrium is reached with settle- 
ment of the densest portion from the bottom near the periphery balancing accession at the 
center. At Miami this end was attained by using several tanks more or less intermittently 
and thus allowing sufficient time in each for the necessary compacting. At Gorp HunTER 
(107 J 839) floating froth was scraped off into a special launder by arms connected to the 
revolving mechanism, and joined with the thickened product ahead of the filter plant. 


Density of discharge pulp depends primarily upon the specific gravity of 
solids and the size of particles. In thickening flotation feed a spigot discharge 
containing from 20 to 30 per cent. solids is usually all that is desired. On the 
other hand, in thickening concentrate a spigot discharge containing 50 to 70 
per cent. solids is wanted and capacity is correspondingly reduced. In 
cyanide work, also, a thick spigot discharge is sought, but capacity is high on 
account of the flocculating effect of the electrolytes present. In general, 
silicious ores can be thickened to greater density, with a given feed rate, than 
can clayey and highly oxidized feeds. 


Dorfman (20 CMT 103) reports, as the results of experiments on four different varieties of 


~Porcurrne ore, that a quartz pulp will settle to 35 per cent. moisture in 3% hr.; a gray schist, 
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in the same time, to 51 per cent.; quartz porphyry to 60 per cent. and sericite schist to 64 
percent. The latter still contains 47 per cent. moisture after 18 hr. settling. 

Coarse feed yields thicker discharge than fine, with a given feed rate. 
The limit of economical thickening of fine-ground clayey material, even with 
floceulating agents present, is probably between 40 and 50 per cent. solids 
while clean silicious ore, equally ground, can be readily thickened to 60 or, 
in some cases, 70 per cent. solids. Thick feed produces thicker discharge than 
_ dilute feed. 

Ralston (101 J 991) notes that when flocculation is produced by electrolytes, the dis- 
charge is increasingly moist with increased flocculation of the pulp. He states that heating 
to accelerate settlement does not have the same bad effect. 

Distribution of material in an operating thickener is shown by Figs. 16 to 
18 incl. The deep clear-water layer in Fig. 16 leaves a safe working margin 
for feed fluctuation while the shallow layer in Fig. 17 will quickly disappear 
with slight increase in solid content of the feed or decrease in settling rate. 
The segregation of sizes shown in Fig. 18 is to be expected, the larger and 
heavier solids settling near the center. The act of raking to the central dis- 


ip 
Solution level estat , ae 
| 
2 Feed we// 
3 Clear solution 
4 
es 5 19a) MSV OE, 
fon Ol c07e 370, 476 
O 7 || 48 5120 44.0. 
8 4 50.9, 
o o ‘60.0. 
0 
| 


Note :- Numbers indicate 
per cent.of solids in pulp Discharge 


Fre. 16.—Pulp densities in a Dorr thickener, normal feed rate (after Dorfman). 
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Fic. 17.—Pulp densities in an overfed Dorr thickener (after Dorfman). 
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Fie. 19.—Rake for El Tigre 


thickener. 


charge, of course, restores the size distribution 
to that of the original feed. 

Effect of depth of tank on density of spigot 
discharge is small. The time during which 
consolidated pulp is compacting is the impor- 
tant element in determining discharge density. 
Shallow tanks ordinarily show slightly thicker 
discharges for a given time of settling, on ac- 
count of the fact that compacting starts earlier 
therein. Table 15 is typical. 


El Tigre thickener (92 J 691) is a Dorr tank with 
spiral paddles (see Fig. 19) replacing the rakes. The 
face of the spiral blade is approximately 45° to the 
tangent to its circular path at any point. The object 
of this form of rake is to prevent eddying. 


Table 15. Effect of depth on density of spigot discharge. (After Coe and Clevenger, 55 A 356) 


Depth of tank 


114 in. 45 in. 11 in. 
Time of |- 
settling, ene wes 
hours Depth of Liquid- Depth of Liquid- Depth of Liquid- 
clear solid ratio clear solid ratio clear solid ratio 
liquor, in settled liquor, in settled liquor, in settled 
inches pulp inches pulp inches pulp 
6) cadanel pemea eee agent yeas SoHo Gal ber cess SE ey RA Gaal ewes Migs. aoa aveween ea 3.26-1 
1 DB cg « ailicacuarcs Socata 1), Sk Dee es Sees 1.56 2.75-1 
5 9.4 2.95-1 9L75 2.47-1 3.92 1.97-1 
23 45.5 1.81-1 19.5 1.69-1 5725 1.53-1 
29 51.5 1.62-1 21.0 1.56-1 5.39 1.49-1 
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7. Tray thickeners 


Description. These are essentially shallow thickeners superimposed, with 
a common shaft carrying independent rakes for each tank. Fig. 20 shows the 
type in use at ANACONDA 
with separate tanks, 
known as the SUPERPOSED 
_typE; Fig. 21 shows the 
SUBMERGED TYPE with one 
or more trays in the same 
deep tank. The first 
type is more accessible, 
the second more compact 
and has all overflows at 
the same level. 


The principle of the tray 
thickener is illustrated by an 
experiment reported by C. H. 
Jakin (94 J 872) and analyzed 
by Mishler (94 J 1114). Jakin ~ 
found that one slime with 
which he worked settled from 
59 per cent. to 46 per cent. 
moisture, yielding clear over- 
flow, in 45 min. in a tank 1.25 
ft. deep and required 420 min. Fie. 20.—Dorr tray thickener, superposed type. 
to attain the same thickness in 
atank 12ft. deep. With another slime, thickening from 90 per cent. to 81 per cent. moisture, 
120 min. was required in a tank 1.25 ft. deep and 1020 min. in a tank 10 ft. deep. Mishler 
shows that the settling rates were 0.0092 and 0.0089 ft. per min. in the deep and shallow 
tanks respectively in the first experiment and 0.0050 and 0.0052 ft. per min. in the second, 
z.e., substantially the same, as his previous experiments had shown to be the case, and since 
there was sufficient time to produce thick pulps of the desired consistency in the shallow 
tanks, both shallow and deep thick- 
ened at the same rates. Actually, 
the time required to effect the desired 
compacting of discharge pulp is the 
essential factor in determining mini- 
mum depth of tank, while, since the 
- settling rate is independent of depth, 
Pte aie the amount of clear overflow produced 

is dependent only upon tank area. 

Performance. Laist and Wiggin 
(49 A 474) report that 28 X 3-ft. 
tanks at ANACONDA had 85 per cent. 
of the capacity in thickening flotation 
? : feed, of 28 X 9-ft. tanks and that the 

Discharge from tray capacity of 28 X 2-ft. tanks was 85 
per cent. that of the 3-ft. tanks. 
Fig, 21.—Dorr tray thickener, submerged At Lisperty Breit (49 A 221) a tray 

type. in a 33 X 10-ft. tank doubled capac- 
ity. At Tonopan BeximonT addition 
of trays to 30 X 12-ft. tanks increased capacity about 75 per cent. (52 A 104). In general, 
with quick-settling ores, when discharging relatively thin pulps, trays will increase capacity 
upwards of 90 per cent., somewhat less with clayey ores or thicker discharges. Oup Domin- 
10Nn (56 A 715) is using a 40-ft. single-tray thickener for 600 tons per day of flotation concen- 
trate in a pulp containing 8 per cent. solids. The spigot product contains 63 per cent. solids 
and the overflow is clear. 


Trays are not suitable when there are great changes in character or quan- 
tity of feed; the excess volume of a deep tank is then necessary to take care 
of the fluctuations in depth of clear-water layer dependent on the feed changes. 
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Hydrotator thickener (Fig. 22) may be used either as a dewaterer or a 
de-slimer. The machine superimposes on the ordinary continuous-thickener 
principle the further operation of taking 
suspended solid matter from the top of 
the settling tank, as at (D) or (#) and 
pumping it, by pump (G) into the rotating 
- sprinkler mechanism (B) thereby placing 
such solid nearer the discharge point. 
Settled solid is drawn off from any of the 
pipes (F), as desired. 


The machine is new; it has been tested oe 

a * cipally on fine coal. In one test — 342-in. anthra- 

Le ee ke thickener. cite slush (15 per cent. + 20-mesh; 35 per cent. 

—100-mesh) yielded clear overflow at the rate of 1.3 gal. per sq. ft. per min. and over- 

flow containing 1 per cent. solids (all —100-mesh) at the rate of 2.2 gal. per sq. ft. per 

min. A shallower machine is used as a de-sliming classifier. Another form has been used 
for froth flotation (see p. 805). 


8. Filter thickeners 


Hardinge super-thickener (Fig. 23) is a combination of the usual settling- 
type dewaterer with mechanical removal of settled solids (Dorr thickener), 
and a sand filter. Its under- 
lying principle is to increase 
the rate and extent of com- SS 5 ee 
pacting (see p. 974) of settled = = 
solid by making the direction 
of the currents of expelled 


water downward instead of gl Lsalution 
upward. It does this by main- af raed 
taining a head of solution on “S| |\ LMA solution 


the sand-filter bottom, either 
by suitable difference in eleva- 
tion between the level of over- 
flow and filtrate discharge or, 
if this is insufficient, by dis- 
charging filtrate by means of a 
vacuum pump. In Fig. 23 
(a) is the thickener tank with 
overflow launder (6), spigot discharge (c) through a diaphragm pump, 
scraping mechanism (d) for moving settled solids toward the discharge 
spigot, a sand bed (e) through which filtrate is to be drawn, supported 
on the usual framework of studs, slats, éocoa-matting and burlap (f) 
(see Sec. 17). A pipe (g), connected to the space under the filter bottom, 
discharges filtrate either into the atmosphere or into a vacuum tank, 
according to the filtering duty required. The essential element of successful 
operation is the continuous removal of a thin skin from the top surface of 
the filter bed, thus maintaining this at full filtering efficiency (see p. 1000). 
This is effected by means of a thread (h) on the upper end of the drive shaft 
and a ratchet-driven feed mechanism (i) which lowers the scraping mechanism 
at the rate of 14 in. to as much as 8 in. per 24 hr., depending upon the amount 
of material present that tends to clog the filter. The thread (h) is 5 ft. long. 
The sand should be fine, granular and of such a mixture of sizes as will give 
maximum porosity and yet permit minimum penetration of solid, as in Table 


SY 
ie 

Sand filter 
Lp Soon 


Fie. 23.—Hardinge super-thickener. 
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16. Power requirement for the scraper and diaphragm pump is about the 


same as in the Dorr thickener. 


If suction is used, more power, in accord with 


the suction requirement, will be needed. 


Feed-207 solids 


Overflow 
6” clear solution 


700 tons 


2), 87Fxolid; settling rate, 0.28" per hr. 


settling rate, 0.28" per hr, 
ee ae 


Underflow, 
45 %solid 
80x712-ft. ordinary thickener 


130 tons min. 
220 tons max. 


Overflow. 


Underflow, 
63 Zsolid 
80x12-ft. super-thickener 


filtrate 


Fig. 24.—Comparison of densities and settling rates in super-thickener and ordi- 
nary thickener at Golden Cycle. 


The effect of the filter bottom on density of pulp at various depths in the tank and con- 
sequently on settling rate of the solids is shown in Fig. 24. 

The underflow of the super-thickener at GoLpEN Cyc br could be maintained at a much 
higher density than was possible in the usual type. When feeding cyanide pulp containing 
20 per cent. solids, ground so that 95 to 98 
per cent. was — 200-mesh, the super-thickener 
would discharge at 70 per cent. solids, work- 
ing under a static head of 20 in. of water, but 
the diaphragm pump could not handle pulp 
of this thickness, so that density was lowered 
to 64 per cent. solids. This is to be com- 
pared with maximum operating thickness of 
45 per cent. solids on the same pulp in the 
ordinary machine. (Hardinge Co.) 

Applicability. The super-thickener is par- 
ticularly adapted to clarification and to 
production of exceptionally thick spigot prod- 
ucts. For thickening service that is within 
the capacity of the ordinary Dorr thickener 
the latter is simpler to operate and probably 
cheaper, notwithstanding a somewhat lower 
capacity. 

Genter thickener (Fig. 25) is essen- 
tially a vacuum filter, useful for dilute, 
difficult slimes. It consists of a com- 
partmented annular tank (a) for re- 
ceiving feed pulp, a central vacuum 
chamber (6) and a series of tubular 
filtering elements (c) suspended in the 
compartmented tank. Clear liquor is 
drawn to the interior of the filtering 
elements and a layer of thickened slime 
is deposited on the outside. This slime 


is dropped off by reversing the flow of Fie. 
liquid through the filter cloth momentarily. The thickened slime falls to the 


bottom and is discharged by means of a, diaphragm pump. -The filtering 
tubes have 5.75 sq. ft. filtering area each. 


25.—Genter thickener. 
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Table 16. Screen tests of super-thickener sand-filter bottom at Golden Cycle. 
April 26, 1923 October 1, 1923 May 23, 1924 
Mesh | 
Actual, |Cumulative Actual, Cumulative Actual, Cumulative 
per cent. per cent. per cent. per cent. per cent. per cent. 
+ 20 vez, i We 74 18.0 1850-3 Reema Shoal eo = Somes 
+ 30 14.1 15.8 22.0 AO ORO Sie Rees. Neve. ell aithes hee late 
+ 40 18.9 34.7 14.0 54.0 0.5 0.5 
+ 60 31.9 66.6 23.0 77.0 14.9 15.4 
+100 11.3 77.9 10.0 87.0 18.9 34.3 
USO! Al Sere SO Brees 6.0 93.0 351.0 70.0 
+ 200 35, 92.5 3.0 96.0 18.1 88.1 
— 200 4.0 100.0 4.0 100.0 11.9 100.6 


Performance is shown in Tables 17 and 18. 


Table 17. Tests of Genter thickener on flotation concentrates at U. 8. 8..R. & M. Co., 
Midvale plant (Gen’l Eng’g Co.) 
NWrateralsstreated tse. See aces ween, Re eae ek oe: Lead Zine Tron 
Ale Cal BOC HEC SMa NG OLAS coy acerca + oust eso sas ecg, ok Syeda 20.3 192 14.5 
Mpivob discharge, Der Cent. SOLOS «mvc ec ec a chens ere ea 65-70 65-70 65-70 
RVIEICURER UMM USGOte EE cree Penne cists coke ore eee erence 23 23 23 
Gallons per square foot of filter area per minute...... One Daal OL127 
Dry tons per 1000 sqiftiof filter(a@).. 2. 6. ose ees 327 172 152 
GT AUC .yenee Me Ree eee Ae ols. avs Sha ai ochaedteves Cae: Clear Clear Clear 
Square foot of tank area per ton of dry feed......... 0.37 (Ope Q.80 
Number of experiments (6) averaged................ 9 22 ive 


a This area corresponds to an operating tank 12 ft. 6 in. diameter X 10 ft. deep. 
6 Experimental tank had 20 sq. ft. of filter area; treated regular mill products. 


Table 18. Operation of Center thickeners at Consolidated Mining & Smelting Co. 
of Canada, Trail, B. C., 1925 (Gen’l Eng’g Co.) 
Lead- Leached 
Wielterient: Ored CeO «, APNE IG, on sie. 0-5 bese sus dv aca al eee flotation Flotation zine 
é concen- tailing concen- 
trate trate 
Numbemobimachimess ses)... ak. «Seon pai ave mnsdloten. o 2 3 4 
Bilter sreayperamachine) isq: ftitie. nec. JOY .os wacaek « 672 1608 1254 
Tanierdiqmetert <Cidepelty £6.05 Were Sis ‘cs Pobatus aha aecn cos i2>c 10 1810 18X10 
Feed, dry tons per 24 hr. per machine............... 480 53d 120 
Beed*per centin—200=mesh ooo... tah ss ee EERE 95 55 83.6 
EEA PEN CON. SOLIS PS his crore tutte tthe, body teeta 43 25 Das 
Thickened discharge, per cent. solids................ 50-60 50-60 50-60 
Biltrate.c. a ee Ga etc Ashes aie Sas Bhs a Clear  |*° Clear lear 
Filtrate, gallons per minute per square foot of filter... 0.0627 0.16 0.12-0.15 
Square feet of tank area per ton of dry feed......... 0.24 0.48 2.12 


9. Centrifugal dewaterers 


These have been extensively developed and widely used in the chemical 
industry. They consist essentially of a feed container rapidly rotated on ¢ 
vertical axis whereby centrifugal force amounting, in some cases, to as much as 


40,000 times the force of gravity is applied. 


The basket or EXTRACTOR TYPE 


° 
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has a rotating member with porous walls which retain solid matter but pass 
| the suspending liquid. This is substantially pressure filtration (see Sec. 17). 
Usual sizes of basket are 30 to 72 in. diam. and 24 in. or less in depth. They 
develop centrifugal force 200 to 600 times as great as gravity. Operation is 
intermittent. The machine is charged while running at low speed, extracted 
at full speed, then stopped and the basket cleaned of extracted solid. Use 
is limited to solid-liquid separation. For best operation the solids should 
be granular, with little variation ia size and free of gelatinous matter. The 
percentage of solids in feed should be high (40 to 50 per cent. or more) on ac- 
count of the necessity for discharging all liquid through the bed of solids. 
The BULK CENTRIFUGAL has a solid basket or cup and discharges liquid by 
overflow. The basket of the Gee machine is 36 in. diam. by 54 in. deep and is 
driven at 1000 r.p.m. Solid is deposited on plates hung on the inner surface of 
the basket. The Resine machine has horizontal baffles in the basket to lessen 
flow of solids to the liquid discharge. Most bulk centrifugals must be stopped to 
discharge solid. This type is suitable for treating mixtures containing low 
percentages of solid, but yields a cloudy liquid and a solid fraction containing 
much more water than is obtained from the extractor type. The bulk cen- 
trifugal has been used for purifymg and grading clays and for recovery of coal 
from waste waters. The HIGH-SPEED CENTRIFUGAL and SUPER-CENTRIFUGE 
are of the solid-basket type with baskets of small diameter to withstand the 
great forces developed. The high-speed machines are run at 5000 to 15,000 
r.p.m. and the super-centr ifuge up to 40,000. Capacity is so small and power 
consumption so high that the high-speed machines can be used economically 
only for treating valuable products of small bulk. 
A successful centrifugal thickener for ore-dressing must discharge both 
- clear liquor and thickened solids continuously and must have sufficiently high 
capacity to overcome its relatively great capital and power costs. Many 
machines have been developed in the attempt to fulfill these conditions, but 
none has as yet been successful commercially. 
ADVANTAGES of a successful machine will be small floor space and positive 
control of spigot density. Disapvantaaus of the present machines are high 
repair and power costs, dirty overflow, and, with most, intermittent operation. 


COMPARISON OF THICKENERS 


Continuous thickeners have greater capacity per square foot of settling 
surface than intermittent because the settling rate in the latter is slowed 
down, when they are nearly full, by the approach of thick pulp to, the 
surface. Convenience in operation is, of course, all in favor of the con- 
tinuous machines. Gravity-discharge continuous thickeners have the same 
capacity per square foot of settling area as the mechanically-discharged 
machines, so far as settling alone is concerned, but on account of the 
difficulties in maintaining uniform discharge of thickened material by 
gravity, the practical effect is to cut down the capacity. Boss (103 P 826) 
says that slow rotary motion of a settling pulp aids settlement, but 
there is no conclusive evidence on this score in favor of the mechanical 
thickeners. It does appear, however, that the slow raking of the thick-pulp 
layer to the discharge opening aids and accelerates final compacting. Filter 
thickeners are superior to gravity thickeners for clarification, for treating very 
dilute pulps, and for making very thick spigot products. Centrifugal thick- 
eners are not yet practical in ore dressing. 
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10. Design of settling tanks 


Coe and Clevenger (55 A 356) describe a method based on laboratory tests 
made in glass cylinders 2 in. or more in diameter and 12 in. to 18 in. deep. 
Two series of tests should be made made, the first to determine the area 
required to obtain clear overflow, the second to determine the tank volume 
necessary to obtain a spigot discharge of the required density. In both series 
all’ conditions must be the same as will be encountered in practice, e.g., the 
time that the ore has been in contact with water or solution; the kind and 
quantity of electrolyte or other dispersing agent present, if any; the method 
of grinding and the temperature must be watched particularly. 


Tests for area require from six to a dozen samples of pulp of varying consistency ranging 
from that of the original feed pulp to that of the thickest free-settling pulp (normally between 
20 and 30 per cent. solids). The samples are best taken from a large batch which has 
been thickened to the desired consistency by decantation, then thoroughly stirred and sam- 
pled. Each sample, diluted to the desired consistency with decanted liquor, is allowed to 
stand until the upper surface of the solids has settled about 4 in., then a reading is taken and 
the rate of subsidence for a period ranging from 2 or 3 min. for thin pulps to from 6 to 10 min. 
for thick pulps determined. With thick pulps intermediate readings should be taken to 
insure that the rate of subsidence is uniform. A decrease in rate indicates departure from 
free-settling conditions. The observed rates should be converted into feet per hour and 
tabulated as shown in the first three columns of Table 19. Column No. 4 of the table is 
computed from the equation 

2000 


i 62.85R\’ 
24 (5 = 5) 


A 


in which A = area required per ton of solid feed per 24 hr. insq. ft.; R = rate of subsidence 
of top of solids in feet per hour; F = the parts of fluid per part of solids in the feed puip, 
and D = parts of fluid per part of solids in the pulp to be discharged from the projected 
settling tank. This is taken as 1.12 in the computations for this table. If D is unknown 
from other sources spigot-density tests must precede the calculation of column 4. 


Table 19. Results of tests to determine area of settling tank. (After Coe and Clevenger) 


. : Rate of Area required 
Test eee ge eee subsidence of per ton of solid 
number a -, | surface of settling | feed per 24 hr., 
part of solid ; 
\solids, feet per hour square feet 
1 6.00 2.180 3.00 
2 4.94 1.190 4.29 
3 4.00 0.893 4.31 
4 3.51 0.758 4.22 
55 3.00 0.600 4.05 


Table 20. Results of spigot- 
density test. (After Coe and 


Clevenger) 


Spigot-density test is made on the thickest free 
settling pulp by reading the level of the surface of thy 
subsiding pulp in the same cylinder as above used a 


intervals of several hours until subsidence ceases or unti 

p the required pulp consistency is reached. The overlyin; 

Time of Parts of fluid clear liquor should be removed often enough to keep th 

settling, | P& part of solid water surface near that of the subsiding solid. Table 2 
hours in settled shows the results of such a test. 

mass From Table 19 it appears that the maximum are: 

5 ie required to be provided ‘per ton of solids per 24 hr. i 

| is 4.31 sq. ft. If less area is. provided the layer of pulp o 

5 4095 this density will increase in thickness and solid matte 

ie j . on will eventually overflow. Table 20 shows that pulp mus 

A Sas be retained in the thickening zone 19 hr.in order t 

: attain the required discharge density of 1.12: 1 


Tank volume must, therefore, be provided fo 
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19 2000 4 
: A x T St = 367 lb. of solid per sq. ft. That part of the solids that has been in the tank for 


14 to 19 hr. will have settled to an average density of 1.16:1. The weight of solids in this 
volume will be 5/19 X 367 = 96.6 lb. which is 5 hr. supply to 1 sq. ft. If the sp. gr. of the 
solid is 3.5, each cu. ft. of pulp whose consistency is 1.16 : 1 will contain 43.2 lb. of solid 
(W = 62.48/(1 + CS), where W = lb. solid per cu. ft. of pulp, S = sp. gr. of solid, and C = 
parts water per part of solid in pulp by weight). The depth of pulp of 1.16 : 1 consistency will, 
therefore, be 96.6 + 43.2 = 2.23 ft. Similarly the following 5-hr. supply will have an average 
consistency of 1.275 : 1, will contain 37.6 lb. solid per cu. ft. and will require 2.57 ft. depth in 
the tank. Corresponding figures for the next 5-hr. supply are 1.47 : 1, 33.7 lb. and 2.87 ft.; and 
for the last 4 hr., 1.7: 1, 30 lb. and 2.58 ft. Add to these figures 1 to 2 ft. of clear solution fora 
margin of operating safety, and in a Dorr thickener, an additional allowance for the pitch 
of the rakes. The total is the depth required with no allowance for storage, or variation in 
tonnage, character of ore or solution, temperature, etc. If the tank thus calculated is too 
deep, the necessary volume may be obtained by increasing diameter. Coe and Clevenger 
recommend a minimum area of 6 sq. ft. per ton per 24 hr’ for pulps composed of fine granular 
material with a considerable proportion of colloidal material which may vary in character. 
Table 21 compares capacities computed by the tests outlined with actual capacities at 
a number of plants. The great discrepancies at PorTLAND and Presipio correspond to 
underloaded tanks, as shown by the excessive depth of clear solution. The Nipissing 
excess of actual over calculated capacity appears to correspond to overloading. All of 
the pulps in Table 21 are cyanide pulps containing lime, which is an aid to settlement. 


Table 21. Comparison of computed and actual capacities of Dorr thickeners. (After 
Coe and Clevenger) 


Computed Actual Depth Ratio nf water to 

capacity, | capacity, of clear solids in 

Pulp from pounds per|pounds per| solution 
square foot|square foot} in tank, 5 
per hour | per hour feet Feed Discharge 

pulp pulp 
- ey SCRG 8 {3 eee 2 4.9 5.9 1.25 10 2.00 
BPGMMODL: (ce Aiodti es acinas fo 0elois 14.1 14.8 1.5 7 Papi ah 
RCRA ais BR STRET ., Syercire dt pseipet ice 8.3 6.0 6.0 iV'sy a} 1.66 
2 LER Spins ae ae ane aa Sa irre alee: bh Mateus t il 1.50 
BORCEMTO ME teen, Sikes nce ciel = 33.0 17.6 6.0 5.6 1.58 
BaGNINSEr eS .. cco ee ee TEN). 19.7 18.0 2.0 5.6. 1.00 
Se eS cs ee 15.2 12.0 5-6 6.1 2.02 
I IMCStAKOs cho ssa ehdatie fe 7.8 720) cs, Hts Je ee ote 33 2.18 
Mtomestake..2 2. acs pte aes 8.9 Se OMe Sicave sane L729 “00 
Golden Cycle (a)............ 19.3 19.1 0 wand 1.00 


a Roasted ore. 
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_ Filtration is employed in milling to separate liquid from solid more com- 
pletely than is possible by settling alone. The principal applications are in 
thickening flotation concentrate and, in the cyanide process, in separating 
pregnant solution from leached solid and in collecting precipitate. (See Sec. 
15.) A FiureR is a permeable septum so mounted that the material to be 
filtered can be brought to one side at a pressure higher than exists on the other 
side. Under such circumstances, if the pores in the filtering medium are of 
suitable size, the solid particles are held back while liquid passes through. 
After the first short period of filtering the effective medium is the layer of solid 
deposited on the original septum. 


1. Principles of filtration 


Sperry (15 CME 198, 17 CME 161) has determined experimentally that 
the velocity of flow of liquid through a filtering medium varies directly with 
the pressure and inversely with the thickness of the cake and that the char- 
acter of the flow is, therefore, the same as that in capillary tubes under low 
pressure, which is expressed in the equation v = rpr*/8lu, where p = dif- 
ference in pressures at ends of tube, r = internal radius and | = length 
of opening, and » = viscosity of iquid. The terms J and r in this equation 
cannot be determined for any practical filtering problem, but Sperry has 
expressed them in terms of a unit of resistance R, defined as the resistance 
of a filtering medium of such permeability that 1 sq.ft. lin. thick will pass 1 gal. 
of water per hour at 68° F. under a pressure difference on the two sides of 1 lb. 
per sq. in.; and a unit of deposition or cake-forming ability K, possessed by the 
solid being filtered, which he defines by saying that a substance has a unit rate 
of deposition when, under standard temperature conditions a 1-per cent. mix- 
ture of the substance with water produces a flow of 1 gal. per hr. over an area 
of 1 sq. ft. with a pressure difference of 1 lb. per sq. in. With these terms he 
has developed from the preceding equation the relation 


ie ge Sy (er KRm|Ns(1 + at + bt) 
- RS RS jo be eRS4 No 


where Q = quantity of liquid passing the filter, P = difference in pressure or 
two sides of septum, R = resistance of filter cake to passage of liquid, Rm = 
resistance of septum, K = rate of deposition of cake, 7 = time, S = per. 
centage of solids in feed pulp, Ns = coefficient of viscosity of liquid at standarc 


1000 


d 
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aS No BUA odd ac 5 an bis 
conditions and Po ah Fie is Poiseuille’s statement for viscosity at temper- 


ature ¢, compared with the viscosity at ¢), a and b being constants dependent 
upon the liquid. Sperry has verified this relation experimentally. The equa- 
tion is not practically useful for purposes of design of filters but it shows that 
filtering rate increases when pressure and temperature increase and decreases 
_ with resistance of the filter and increase in thickness of the cake. Hatschek 
(27 SCI 538) has shown experimentally that resistance to filtration increases 
rapidly with decrease in size of particle forming the cake. Hence the equa- 
tion of capillary flow can be taken as indicative of the effect of variation in the 
several factors involved in filtration. Young (42 A 742), working with vacuum 
filters and ore slimes confirms these conclusions. Fig. 1,4 shows the effect 
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of cake thickness on filtering rate; Fig. 1, B, the effect of variation in vacuum; 
Fig. 1, C. of pulp temperature; and Fig. 1, D, of the character of the pulp, all 
taken from Young’s results. He concludes from other work that small 
changes in the amount of clay ina pulp or in a cake have more effect on the 
filtering rate than much larger changes in the amount of sand, 


2. Filter medium 


The filtering medium is composed of the porous septum itself plus the cake 
of filtered material held thereon. The septum may be a bed of solid grains 
merely piled together and, therefore, incapable of use in any position other 
than horizontal; it may be a porous slab, such as the naturally-oceurring 
tripoli or an artificial material like Filtros; most frequently cotton cloth is 
used, rarely a woolen, mineral-fiber or metallic cloth. In milling work a 
COTTON FABRIC is almost invariably employed. It has the ADVANTAGES. of 
great tensile strength, flexibility, durability, small weight, ease of handling 
and cleaning, and, compared to porous slabs, low first cost. 
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The size and spacing of the pores in the filter septum have great effect on 
filtering rate, not so much on account of the resistance to passage of liquid as 
in their determining effect on the porosity of the first layers of cake deposited. 
The first layer of particles will tend to deposit over the mouths of the 
pores in the septum. If these are so spaced that the deposited particles 
are out of contact or are just in contact on all sides with adjacent particles, 
there will be maximum reduction of pore area. If the mean diameter of the 
particles is greater than the mean pore spacing, crowding will prevent all holes 
in the septum from being covered and increased porosity of the septum will 
result. On the other hand, the reduction in size of pores that accompanies 
decreased spacing may increase resistance of the septum itself, but this is 
rarely as important a factor as that of spacing. CHOICE oF A CLOTH is usually 
a balance between the desiderata of large pores and close spacing, which make 
for quick filtration but low durability, and the higher durability of heavier 
and less porous cloths. 


Hixson, Work and Odell (73 A 225) have found that distinct bridges are formed over 
the filter pores by the solid particles, as shown in Fig. 2, that the relation between maximum 
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Fria. 2.—Bridging of solids over a Fic. 3.—Relation between filter open- 
filter pore. ing and size of largest particle in pulp 
to be filtered (after Hixson et al.). 
particle size and maximum filter opening is as set forth in Tig. 3, that this relation holds for 


feed-pulp densities of 20 to 60 per cent. solids, but that for more dilute i 
.8 st pulps smaller rat: 
must be used, and that the thicker the feed pulp the more porous the cake formed. oe 


TYPES OF FILTERS 


The cyanide process produced a large number of different kinds of filters 
that may be classified fundamentally as (1) vacuum and (2) pressure depend- 
ing upon the means employed for effecting the required pressure diffexence on 
the two sides of the porous septum. Vacuum filters may be further classified 


as (a) continuous and (b) intermittent. Pressure filters are invariably inter- 
mittent. ; 


3. Continuous vacuum filters 


These filters are of the drum type, includin j 
ype, g the Oliver and Portland; the 
disk type, such as the American and Robacher; the horizontal Sera 


wn f whi d ; i : 
ty brn ich the Ridgway is best known; and the table type, such as the 
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Oliver filter (Fig. 4) is typical of the drum machines. 


Drum (a), mounted on horizontal trunnions, is faced with selected wooden staves (6) 
forming a tight shell. At suitable intervals longitudinal wooden partitions strips (c) are 


Fic. 4.—Oliver continuous filter. Fria. 5.—Valve for Oliver con- 
tinuous filter. 


fastened to the face of the shell, dividing it into a number of shallow troughs which connect 
by pipes (d) with valve (f) and thence with vacuum pump and compressor. The troughs 
on the face of the drum are filled with suit- 


able backing to support the filter cloth (g), Table 1. Sizes of Oliver filters 
which covers the entire drum. Wire (h) is 

wound on the outside of the canvas to keep ee 

it tightly in place and protect it. The drum 

is driven by a worm gear (2) from pulley (J) 

and revolves in a clockwise direction with Demeter, Denes eae 
the lower segment immersed in pulp in tank feet feet ke tock 
(k). Feed pulp is kept in suspension by a 

paddle agitator (J) or by some other form 3.0 0.5 4 
of mechanical or air agitation. VALVE 3 ‘0 1.0 9 
MECHANISM is illustrated in Fig. 5. It con- 3.0 2.0 18 
sists of a port plate (a), valve seat (6), and 3 0 fas 36 
wear plate (c). The port plate is held sta- 4.0 20 25 
tionary by adjusting-rod pin (¢) and a rod 4.0 4.0 50 
therefrom attached to the frame of the 4.0 6.0 75 
filter. Pipes from the filtering compart- 6.0 4.0 70 
ments on the drum face are tapped into the 6.0 6.0 105 
valve seat and the wear plate (c) is bolted 6.0 8.0 140 
through the valve seat to the drum frame in 6 0 10.0 175 
such a way that the peripheral holes in the 6.0 12.0 210 
two plates register. The valve stem (f) 8.0 6.0 150 
passes through hole (g) in port plate (a) and 8.0 8.0 200 
the latter is held tightly against (c) by means 8.0 10.0 250 
of a coiled spring on the stem, which bears 8.0 12.0 300 
between a nut on the end of the valve stem 11 5 8.0 288 
and the ground surface (h) on the port plate. 1 5 10.0 360 
In simple filtering, a pipe from port (7) runs 11.5 12.0 439 
to the vacuum pump, bridge (j) isremoved 11.5 14.0 i 504 
and port (k) is plugged. Under such cir- 11.5 16.0 576 
cumstances that part of the drum surface 11.5 18.0 648 
extending, from just below the pulp level on 11.5 20.0 720 
the down-coming side, at about point (m) 14.0 14.0 616 
(Fig. 4), to a point to the right of the top of 14.0 16.0 704. 
the drum, is in suction all the time. The 14.0 18.0 799 
three small ports in plate (a) (Fig. 5), pro- 14.0 20.0 830 
vide for blowing the cake prior to its removal 14.0 24.0 1056 
by scraper (n) (Fig. 4). Air connection is 


\ 


made at (/) (Fig. 5) and the number of com- 


partments under pressure is regulated by ee ; 
stops (m) and (n). Stop (n) is hollow, thus providing for a steam connection, if de- 


sired, and its position may be changed so as to give first a steam blow followed by one 
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or two air blows, or a steam blow between two air blows as shown in the figure, or a steam 
blow following two air blows. Holes (p) are for gage connections. When WASHING is to 
be done, or if two different vacuum pressures are desired, bridge (j) is inserted and port 
(k) is connected to a second vacuum pump. Wash solution is then withdrawn through the 
latter port. A grease cup at (r) supplies grease to the adjacent ground faces of plates 
(a) and (c). 

Sizes of Oliver filters are given in Table 1. 


Vacuum production in flotation work is usually pry, 7.¢, a vacuum 
receiver is connected between the filter and the vacuum pump, liquid separates 
from air in the receiver and therefore does not pass through the pump. Liquid 


is removed from the receiver by means of a centrifugal pump or through a 
stand pipe terminating in a sump at a distance below the receiver correspond- 


© Wash a Vacuum release 


* Chech valve 


Oliver C 
continuous filter roieea Dry vacuum pump 


Spray pipe 
Vacuum oe Diet 


release —>2 


Wash 
Solution 


Mt 
& -Wash water 


SY 


SSS 


Make this distance asqreat Oliver Centrifugal 
as possible, 2ft, min. continuous filter pump 


Dry vacuum pump. 


 Waterseat 


Fria. 6.—Layout for Oliver filter. 


ing to barometric pressure. The CENTRIFUGAL EXHAUSTING PUMP should be 
set below the bottom of the vacuum tank so that liquid flows freely into the 
pump inlet. The pump should be self-priming or a check valve be placed at 
the high point on the discharge line and an equalizing pipe should be run back 
to the receiver from the suction line. Barommrric ueqcs should be sealed by 
extending into a sump, the capacity of which is greater than the volume of the 
drain pipe. The vacuum TANK should be provided with a safety seal at the 
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outlet to the dry-vacuum pump to prevent liquid passing over into this pump, 
which is designed with small clearance and would be injured by liquid. For 
handling hot solutions a condenser tank should be inserted between the 
receiver and the vacuum pump. Lay-out as recommended by Oliver Filter Co. 
is Shown in Fig. 6. 

A reciprocating air compressor with the inlet port connected with the vacuum tank is 
commonly used to produce vacuum. The compressor provided should ordinarily have free- 
air capacity ranging from 0.5 to 1.5 cu. ft. per min. per sq. ft. of filter surface. For very 
porous cakes as high as 5 cu. ft. per sq. ft. per min. may be necessary. The vacuum-pump 
displacement necessary per sq. ft. of filter surface may be obtained from equation 
Vo = P1Vi/P2, where P, and Py, are barometric pressure and barometric minus vacuum- 
gage pressures respectively and Vj is displacement volume per square foot per minute desired. 

Rotary blowers, with suction end attached to vacuum tank are sometimes used in place 
of a reciprocating compressor for dry-vacuum production. 

Wet-vacuum production, in which the filtrate passes through the pump, is often used in 
cyanide work where the volume of filtrate is relatively larger than in concentrate 
dewatering and filtrate must be transported for further treatment, so that the same pump 
can serve both ends. Reciprocating or centrifugal pumps and rotary exhausters are com- 
monly used in this service. Grit that passes the filter causes considerable wear with corre- 
sponding decrease in efficiency. 

Power requirement for dry-vacuum pumps is computed from the same 
equation as that for air compression, with appropriate change of symbols. 


For a pump working adiabatically, 


144 n Is 
Hp. = =~ - -PV2| (5) * -1], 
33,000 n— 1 P, 
in which P, = absolute pressure in vacuum pro- Table2. Power requirement of 
duced in lb. per sq. in.. V2= gas volume corre- Ingersoll-Rand Type ER-1, 22 
sponding to Pz in cu. ft. per min., P; = atmos- —* 872. ¢ry-vacuum pump 
pheric pressure, and 7 is a constant ranging from Tickets Paid ate 
a theoretical value of 1.406, down, probably, to si amet te rearured 
1.15 or 1.2 for ordinary vacuum-pump practice. 


Table 2 shows the estimates by Ingersoll Rand - = 
of the power required for their Type ER-1 dry- 29 oA 
vacuum pump, which is frequently used. By 24 26 
investigation of the power equation throughout a i 


the range of the theoretically possible vacuum 
Produciion ror any given conditions, 11S TOUNC 
that the power requirement per 


28 r [7114 «cubic foot of gas exhausted from a 

ved ert given vacuum passes through a 
“oe 4 aH maximum, as shown in Fig. 7. 
= 20 esaese For blowing, compressed air is furnished 
Sih at 10 to 15 lb. pressure; the usual pro- 
D6 Ce ELE vision is for 0.15 to 0.25 cu. ft. of free air 
2 one per minute per square foot of filter area, 
oe . EEE 
gl? PEEP Operation. The factors that in- 
as Toe ware fluence results are diameter of drum, 
a EEE speed, submergence, size of feed 
ca 1 rt le ercentage of solids in 
PN LEH partes, 28 sp fe) tte 1] Ee]. Particles, percentage of sods 

=| HP* 33.000 12-1" 21!" P, feed, reagents present, kind and 
4 condition of filter cloth, tempera- 


99 24 68 10 I2 4 16 fe aks 24 26 28 30 ture of pulp, homogeneity of pulp 
‘ 54 ae Maa A in tank, vacuum, blowing, and uni- 


Fic, 7. formity of conditions, 
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Drum diameter, speed and submergence are dependent in that they deter- 
mine the time during which cake is formed. Four minutes is about the max- 
imum time that can be economically permitted for cake formation; the usual 
time is about 3 min. In general, low pulp level gives thin, dry cake and low 
capacity, high pulp level vice versa. The more granular material in the feed 
the more porous the cake and consequently the greater the capacity. Addi- 
tion of fine granular gravity concentrate to flotation concentrate may, by 
increasing porosity of the cake, lower the moisture content and also prevent 
cracking, but it makes it more difficult to maintain the pulp in suspension in 
the tank. 

Feed pulp should be as thick as possible, if high capacity and dry cake are 
desired. 3 


Trauerman (i04 J 87) reports a test on an 11.5 X 16-ft. machine on which 35 dry tons of 
cake containing: 20 per cent. water were made in 8 hr. from a feed pulp containing 35 per 
cent. solids and 51 tons containing 12 per cent. moisture were made in the same time from a 
pulp containing 55 per cent. solids. At Sunnysipe, with feed containing 30 to 35 per cent. 
water, cake was 114 in. thick and contained 8 per cent. water, while with feed containing 
40 to 45 per cent. moisture, cake was 14 in. or less thick and contained 10 per cent. moisture. 

Thickening in Dorr tanks costs less than 5¢ per ton of solids and filtration above 25¢, 
hence the more preliminary thickening, the cheaper the whole operation. The filter tank 
may be shallower with thick feed than with thin, which gives more time for drying cake. 


Lime added to filter feed increases filtering rate, decreases moisture in the 
cake and, in case of acid pulps, increases life of cloth and solution passages. 
On the other hand, it increases clogging. 

* At Mramr it prevented water from settling out in cars on the way to the smelter (115 
578). 

ease (loc. cit.) calls attention to the fact that thick cakes made from a given slime pulp 
contain more water than thin and that the increase in moisture content of the cake with 
Besar is distances from the filter cloth is greater the greater the slime content of the feed 
pulp. 

Filter cloth must be sufficiently ‘ dense,’’ z.c., close-woven, to hold back 
the bulk of solid material and thus form, from the retained material, the filter 
wall proper, and it must be sufficiently heavy and strong not to break or deform 
materially under the pressures applied. It is desirable that all of the material 
retained be held at the surface of the cloth, since material that penetrates 
is not removed with the cake nor by scrubbing and therefore permanently 
decreases porosity. Cloth with considerable nap is harder to discharge than 
smooth, hard cloth on account of the binding effect of nap threads. Cotton 
cloth is almost invariably used in milling practice. The strongest is the close- 
woven canvas duck;. soft twilled canvas is more porous but less durable. 


Woolley (104 J 875) recommends twill for fine concentrate that makes compact eake, and 
duck for more granular product for which the cloth itself must do much of the filtering. 


The fiber of cotton cloths swells materially when the cloth is wet and fabrics 
that appear too porous when new may give entirely satisfactory service. Hight- 
to 10-oz. duck and 12- to 16-oz. twilled canvas are the commonest coverings in 
milling work. The best covering can be determined only by experiment. 


Lire of the above coverings on drum filters in flotation service is two to six months with 
the average between three and four months. Lighter weaves backed by coarse heavy mater- 
jal are sometimes used. Cloths should be scrubbed whenever the filtering rate falls off due 
to clogging of the filter medium. Scrubbing should be done with a brush stiff enough to 
work into the fabric sufficiently to loosen particles held therein. Weak hydrochloric acid 
solution (0.25 to 1.0 per cent. strength) should be used when carbonate precipitates. At 


some plants the filter i b i : F : 
Pieh ia’ Week: s scrubbed every day, in most the period between scrubbings is less 
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Re-covering, including removal of old canvas and re-winding wire requires 16 to 36 hr. 
with a crew of 3 or 4 men, 


Heating lowers the viscosity of the liquid and also tends to cause floccula- 
tion of fine solids. On both scores it increases filtering rate and it may also 
decrease the moisture in the cake. Heating to 100 to 120° F. is a common 
procedure in treating flotation concentrate but heating of cyanide pumps is 
not usual. 


At ArrerTHOoUGHT, heating pulp increased tonnage 17 per cent. to 750 Ib. per sq. ft. 
per 24 hr. in a cake containing 15 per cent. water. Watt (67 A 379) stated that in treating 
lead concentrate in south-east Missouri, heating to 120° F. inereased capacity 20 per cent. 
and decreased moisture in cake 2 per cent. (to 15 per cent. final). At Urau Copper Co. 
pulp is both heated and agitated by live steam injected into the filter tank. Experience 
shows that the hotter the pulp the dryer the cake (117 P 752). 


The amount of vacuum to be carried depends on the porosity of the bed 
and the capacity required. With readily filterable pulp or low duty, the vac- 
uum may be as low as 15 in.; the usual range is 20 to 25in. High vacuum will 
frequently cause the cake to crack and will also clog cloths. Different pres- 
sures may be maintained on the submerged and unsubmerged parts of the 
drum by independent vacuum connections provided in the valve. CracKING 
may be lessened by speeding up the drum and making a thinner cake. 


A mechanical method for preventing cake cracking is the application of a canvas belt 
and rollers; the belt is applied on the upcoming side just before cracking starts and removed 
before the vacuum is released. With cracking eliminated, a dryer cake can be made and 
less vacuum-pump capacity need be provided. 

Blow-off pressure should be kept as low as possible; the usual pressures 
are from 7 to 15 lb. persq.in. The higher pressures keep the filter cloth cleaner 
but excessive pressure is likely to cause the canvas to split under the wires, 
especially when acid cleaning is used and the acid is not completely neutralized 
before operation starts again. 

Agitation. Mechanical agitation is generally superior to air agitation. 
The latter tends to make thin spots in the cake and also, under favorable 
conditions, to produce heavy carbonate deposits. Furthermore, if heavy 
granular sulphide is present, air is insufficient to keep it in suspension; the 
power consumed in air agitation is greater than in mechanical and much of it is 
wasted on account of excessive air consumption. 

Bradley (106 J 207) reports the use of discarded rubber pump diaphragms for packing in 
the stuffing boxes of the rotating agitator shown in Fig. 4. Leakage here is not uncommon, 
it is. mussy in any case and expensive in cyaniding. Rice (106 J 899) recommends driving 
the agitator from an independent shaft so that it can be kept running, if necessary, when the 
filter is stopped. 


When the material to be filtered is difficult to keep in suspension, the dif- 
ficulty may be lessened or overcome by feeding the pulp by gravity from 
a surge tank through a manifold in the bottom of the tank at a sufficient rate 
to maintain suspension and pumping the overflow back to the surge tank. 
The surge tank shculd have about twice the capacity of the filter tanks. 

When a plant makes both table and flotation concentrate, a good scheme 
for dewatering is to send the table concentrate to a mechanical classifier, Jo:n 
the overflow with the flotation concentrate and thicken and join the granular 
discharge from the classifier with the spigot product from the classifier in a 
surge tank feeding the filters. The thickened slime concentrate keeps the 
granular material in suspension readily. The granular table concentrate will 
probably increase the capacity of the filter on the slimy flotation concentrate, 
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Scraper blade should be kept smooth on the upper edge by filing or grinding as necessary; 
otherwise removal of cake is not thorough and the filter cloth is likely to be torn. Adams 
(106 J 724) recommends the use of hard 15- or 16-gage wire instead of the usual 10- or 12- 
gage for winding since this allows the scraper to come closer to the cloth. 

Shimmin filter is of the rotating-drum type but has the filter medium on the inside of a 
drum which is supported at one end by a trunnion bearing and at the other end by rollers. 
The roller end is open for feeding, removal of cake, and inspection. The drum itself acts as 
the pulp container. The size segregation in the pulp 
in the drum assists filtration because the coarser par- 
ticles settle onto the filter cloth and form a relatively 
porous filter bed. The cake is carried up to a point at 
or beyond the top of the circular path. Here the filter 
cloth is caused to expand and contract suddenly by 
alternate subjection to pressure and vacuum. The 
valve is of the usual revolving-filter type. Cake drops 
into a hopper from which it is removed by belt or screw 
conveyor. 

The machine can be used on coarser material than 
usual because the natural 
settlement of the solids brings 
them to the filtering surface. 


American Filter (Fig. 
8) consists of a plurality 
of disk-shaped filter 
leaves (a) mounted on 
a heavy hollow shaft (0), 
caused to rotate by 
Fie. 8.—American filter. means of the worm gear 
(c) and worm driven 
through gear (k) either by a motor-driven gear speed-reducer (e) and motor 


(l) or by pulley (f). 


The lower parts of the revolving disks dip into a tank (g) which is partitioned on the 
front side of the central shaft in order to allow for discharge of cake. Each filter disk con- 
sists of several sector-shaped units which connect by means of conduits in shaft (b) with a 
special rotary plug valve (Fig. 9). This valve ordinarily has three outlet ports. During 
the time that any given sector is submerged and for a time after its emergence it is connected 
through a conduit in the shaft and a corresponding channel in the journal with the filtrate 
outlet port. On further emergence it con- 
nects with the wash-water outlet port, and 
finally, just before it reaches the scraper it 
connects with the compressed air port and 
the cake is loosened. 

The standard disk diameters are 4 ft., 
6 ft. and 8 ft. 6 in. The 4-ft. size is 
made with one to four disks, as desired; 
the 6-ft. and 8-ft. G-in. with two to six 
disks. 

Robacher filter is a continuous disk 
filter employing Filtros, a porous silica 
slab, as 2, filtering medium. It has not 
been used in metallurgical work. 

Ridgway filter consists of a number of 
horizontal filter trays carried on the ends 
of radial arms extending from a central Fig. 9.—American filter valve. 
revolving spindle. The trays travel over 
a series of annular tanks, a mechanism being provided to lift each tray over the partitions 
between the tanks. In cyanide work tne first tank contains leached slime; the second, weak 
solution; a third, wash water; and the remaining 15 to 20° of are constitute the discharge 
hopper. The valve is similar in principle to the drum valve. The use of filter has been 
principally restricted to So. African and Australian cyanide mills. 

Portland filter is similar to the Oliver. 


Performance of Oliver and Portland filters treating flotation concentrates 
is given in Table 3, 
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Flotation concentrate. On zinc concentrate an Oliver machine at Burrn and SupprRior 
Mun. Co. handled 890 lb. per sq. ft. per 24 hr. from 55 per cent. water in feed to 10 per cent. 
incake, and at Timper Burre corresponding figures were 1300 lb., 50 per cent. and 10 
percent. Round-table concentrate was thickened from 50 per cent. to 15 per cent. moisture 
at ANaconpaA at the rate of 850 lb. per sq. ft. per 24 hr. At Insprratron (115 P 689) six 
12 X 12-ft. drum filters handled 700 tons flotation concentrate per 24 hr. from 40 per cent. 
moisture to 17 per cent. moisture (moisture content of cake varied with percentage of 
insoluble). This is 540 Ib. solid per sq. ft. per 24 hr. 

At the Arthur plant of Uran Coprrr Co., the filter installation for 1000 to 1200 tons 
per 24 hr. of mixed table and flotation concentrate, consisted of twelve 14 X 14-ft. Oliver 
filters and two 4-leaf 14-ft. 6-in. American filters. The table concentrate was all — 10-mesh and 
constituted 20 to 40 per cent. of the total. The flotation concentrate was 90 per cent. 
—200-mesh and upwards of 10 lb. of oil per ton was used in flotation. The pulp was heated 
to 160 to 180° F. Filters were run at 3 to 4 rev. per hr. The cover on the Oliver drums 
was 4-mesh screen, one thickness of burlap and one of palma twill. Drums were wound with 
No. 6 galvanized-iron wire, coils spaced 2in. American leaves were covered with two layers 
of palma twill. Vacuum displacement for the whole plant (13,354 sq. ft. of filtering surface) 
was 1.394 cu. ft. per min. per sq. ft. Dry-vacuum installation was one 36 X 20-in. duplex 
Imperial Type XB pump at 150-r.p.m. (7058 cu. ft. displacement) and two 27 X 14-in. 
Imperial XB at 170 r.p.m. (displacement 3143 cu. ft. per min. each). Vacuum produced 
was 21.5in. Two5 X 8-ft. receivers served the whole plant. Compressed air was received 
from the central plant and used at 144 to 34 lb. per sq. in. Unit capacity of the entire plant 
was 230 to 280 lb. per sq. ft per 24 hr. from 50 per cent. to 15 or 20 per cent. water. Cake 
was about 14 in. thick. Operating force consisted of one foreman, one operator and three 
repair men, total $66.75 per 24 hr. (1921). Life of cloth was 80 to 120 days. Live steam 
at 15 to 20 lb. pressure was used for heating and agitation in the filter tanks. 

At AFTERTHOUGHT the installation for filtering 40 tons per day each of roasted zine and 
copper flotation concentrate from the Horwood process was two 4-ft. 6-leaf American 
machines, one 14 X 8-in. Doak dry-vacuum pump at 250 r.p.m. producing an average 
vacuum of 14 to 16 in., one 74% X 4-in. compressor at 400 r.p.m. furnishing air at 12 lb. 
pressure, and a barometric leg on the receiver. The filters were run at one revolution in 5 
min. 10sec. The zinc concentrate was all — 40-mesh and 60 per cent. — 200-mesh, the copper 
all —40-mesh and 50 per cent. —200-mesh. The feeds varied in moisture content from 45 
per cent. to 85 per cent., on account of insufficient thickener capacity. Zine cake averaged 
11 to 12 per cent. moisture, copper 13 to 14 per cent. . Average capacity was 600 lb. solids 
per square foot per 24 hr. Life of bags in the zinc filter was only six days and in the copper 
filter three days on account of the high sulphate content. The thickness of the cake on new 
bags on the copper filter was 11% in. but by the third day had decreased to 14 in. At 
DucKTown Corrrer AND Iron Co. an American filter handled 500 lb. of copper concentrate 
per square foot per 24 br. 

At Dor Run Leap Co. one 11% X 12-ft. Oliver filtered 65 to 70 tons of —100-mesh 
(70 per cent. —200-mesh) lead concentrate per 12 hr. making 3%-in. cake containing 13 per 
cent. moisture. Temperature, 100 to 120° F.; 740 lb. per sq. ft. per 24 hr. At Sr. Louis 
S. anp R. Co. one 12 X 12-ft. machine handled 30 dry tons per day (140 lb. per sq. ft. per 
24 hr.) making a %%-in. cake containing 18 per cent. moisture. Feed contained 55 to 60 
per cent. solids. Speed, 1 rev.in 10 min. Doak 14 X 8-in. dry-vacuum pump, 800 cu. ft. 
per min. displacement at 300 r.p.m. Receiver 30 in. X 5 ft.; trap, 12 in. X 2 ft. Cen- 
trifugal pump, 1144in. Life of palma-twill covering, 3 months. 

In handling flotation concentrate the duty per square foot of filtering surface is so greatly 
dependent upon the character of the ore and kind of frothing agent used that capacity ranges 
between wide limits. At Curvo Coprmr Co. (1918), treating high-oil flotation concentrate, 
four 14 <X 14-ft. Oliver filters averaged 100 lb. per sq. ft. per 24 hr. to 27 per cent. of water. 
At one copper company change from an oil mixture of coal tar, coal-tar creosote and wood 
creosote to xanthate and pine oil increased filter capacity fivefold. 

Cozl. Capacity on coal-flotation concentrate is 26 to 28 tons per hour on an 8 X 8-ft. 
drum when taking a feed containing 50 per cent. moisture and making a product containing 
18 per cent. moisture (67 IME 513). This is at the rate of 6500 Ib. per sq. ft. per 24 hr. 

Iron.—At Mesazi Iron Co. a 514 X 10-ft. Oliver filter making 1 rev. in 40 sec. was 
fed with 300 to 325 long tons per 24 hr. of a mixture of 94 per cent. of — 100-mesh magnetite 
concentrate (78 per cent. —325-mesh) and 6 per cent. —14-mesh anthracite in a pulp con- 
taining 75 per cent. solids. Cake was % in. thick, and contained 10.5 per cent. water. 
Submergence was 3toGin. Vacuum of 2 to 3 in. was used to pick up cake and 18 in. to dry. 
Life of 12-0z. duck was 60 days. Dry vacuum capacity was 1655 cu. ft. displacement for 
two filters; this was sufficient with old cloth but insufficient with new. 

Roasted zinc concentrate. In filtering solutions in the electrolytic zine plant at ANa- 
conpA the capacity of a 12 X 12 drum-type filter was 300 lb. dry residue and 0.063 ton of 
solution per sq. ft. per 24 hr. and the cake contained 30 per cent. moisture. At the Consou, 
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Table 3. Performance of rotary drum 

4 : Federal Utah 
WNitllartee aittat cmeereccnie cleo cctaciectstat erates Sunnyside Moth Chacet Bionabuer God 
Size, diameter X length of drum, ft........... 39512 6x8 6X25 
Filtering surface, area, square feet............ 132 140 437 

Material): ALA oie demi ited altieienee: ae¥ Canvas a Soft canvas 

Pale awmoneh sivsc.perclsaess fees. east ae 5-8 4 3,25 
Tons.of solid) feed. per 24, hry ad. as denote is 80 20 15-20 
Pounds solid per square foot per 24 hr......... 1200 280s 68-92 
Size of feed, per cent. — 200-mesh............ 94 98 c 
Moisture in feed, per cent.......- Mol, asesrmaehks 85-45 50 55-60 
Moisture in cake, per cent... ,....:.-.000-+00- 6-8 6.2 18-22e 
Speed of drum, min. per revolution........... 11 4 18 
Vaecuum,in,...... Pig eee Nad « a2 pee aed 20 22 18-20 
Power consumption; filter, pump and compres- 

SOMGAD se exe nea aivels.« catts we eld eed rae a as 15 10 
Pheolemessnot Caley Wiktoyekereisyscisce b+ + dtl suanes Meee vee 16-114 3% x6 
Temperature, degrees Mw.h1.aly cfs nips ties oie 50-6 b d 

| Cananea 
Meads Gott dik Bie downs. ax hereto a Moctezuma |Consolidated| Engels 
Copper Co. Copper Co. 
Size, diameter X length of drum, ft........... ip URS de 8 11.512 12x8 
Filtering surface, area, square feet............ 432 432 288 
leche malar. mitmemcners, ova ache aia cashes « caurstua Yaar ccc No.7E canvas n ) 

MERC PTA OTLGNLS vtsrctse tot tao eyecare oh, ns etc Pea 2.5-3 3 5 
Tons.of solid feed per 24'hr. 2 el aace ese PU SI daw ble ulc ses Ns oe 50 
Pounds solid per square foot per 24 hr......... 1OO—Tatee. A). Ges on cae 350 
Size of feed, per cent. — 200-mesh............ 97 53 75 
Moisture in feed, percent... ctv spe ope on eiy ohn ee 65 40 50 
Moisture in’ eake, per cent... oo. ccc ce es eters 30 10 12.5 
Speed of drum, min. per revolution.........,. 2 14 14.5 
Wa OUR ial, ats STOO eae eek oles SE Se ews a a ye 15 20.5 
Power consumption; filter, pump and compres- 

OD AV EID ON eet cee cement aee Be oes er aS A a 7.5-10 16-18 12 
Thiokmesspols Cake, Mave were wrecceky. Ween wee 6 cn ae Si6—14 Wy 34 
Memperapure, GSeTees Le. ine <p sous ep wpe are b b 90 

a 17-oz. canvas twill. 6 Normal. c All —65-mesh. d Normal heat increased 


capacity but did not reduce moisture in cake. 
at elevator ahead of filter. / Filter Fabrics Co. 
A hard iron scale forms on both surfaces of clot 


» No. 31. 
h. 


h All — 100-mesh. 
i? Estimated. 


e 10 1b. unslaked lime per ton of solid added 
g In good condition only 30 da. 
i Less than 24 hr. 


j For filter only. k 6-oz. single twill. 150 tons to this and a 14 x 14-ft. 
m Low duty accredited to low percentage of solids in feed. Cannot be improved, even 
with intermittent settling using lime, caustic soda or soda ash. Cold weather affects 
adversely. n Oliver filter cloth. o No. 12 M.S. cloth. p Installed. gq Heavy cheese- 


Min. ann Sm. Co., Trail, B. C. a disk-type filter handled 600 lb. dry solid and 0.097 ton solu- 
tion per sq. ft. per 24 hr. with 25 per cent. moisture in the final cake, 

Cyanide. There is great difference in behavior of cyanide pulps. At ARrGoNnauT 
mine, Dane, Ontario, two 6-ft. 4-disk machines filtered and washed cyanide pulp at the rate 
of 200 lb. dry solid per sq. ft. per 24 hr. Feed pulp contained 48 per cent. moisture and cake 
20 per cent. moisture. Speed, 4 min. 45 sec. per rev. At Houurncer seven 14 X 16-ft. 
drum-type machines filter and wash 550 tons dry solid (7 per cent. + 150-mesh, 70 per cent. 
—300-mesh) per 24 hr. or 225 Ib. per sq. ft. Feed varies from 1.0 to 0.65 ton solution per 
ton of solid; cake contains 21 per cent. moisture. Cost of plant complete, including build- 
ing, was $152,500, of which $95,000 was for the filters, vacuum and other pumps, tanks, 


receivers, etc. Total cost of filtering (1923) was $0.045 per ton, about half of which was 
labor. 
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filters on flotation concentrate 
Bunker Hill| Shattuck- Calumet . Belmont- St. Joseph Ray 
'& Sullivan Arizona & Hecla Sunnyside Surf Inlet 0 Beach Consolidated 
Rivermines | Copper Co. 
6X25 8X6 8X6 9x12 IT SxS CRO 2 lea al, 
437 150 150 340 288 432 432 
Canvas f Soft canvas | Canvas Twill Twill w k 
6 29 4 5-8 6 4 3 
21 54-75 30 120 25% 70 75l 
100 720-1000 400 OORT UNE TG. sFaes, Bee 320 2861 
Pie See. ss 96 h 89 Baa aa Reet RS) SP 5h LA Sa 90 
35 40 70 35-45 50 35-40 45 
12 16-18 22.5 7-9 il 15 21 
8 8 10 16s 10 10 6.5 
20 PSO le walle contre nieces 20 25 22 23 
OOP esis ea eR eh | ce Rea 2) 35 3-3. 57 
He % Ho-l4 4-1 NYe- 3% u- % 
65 Hot b 50-60 ist Haseres 90 120 
Consolidated St. Joseph Pieias Phelps- 
Arizona Federal . Lead Co., ; Dodge, f ; 
Smelting Lead Co. So Bonne ics Si Burro BiorByell u 
Co. Terre Mountain 
12x9 12X12 12X15 12: 37.5 14x14 1414 8X8 
330 432 504 1400 616 616 200. 
Canvas Canvas 8-oz. duck Canvas q r Canvas v 
3 3 3-6 4 4 6-9 8 
125 50 58 50-100 30t GOL CSE tee. de dan 
740 230 230 70-140 100 190 600 
Bass Gus : 90 91 100 94 95 77-150 
40 34-36 52 40 69 65 52 
12 15 26 15 3it 28 11.5 
4.5 9 9 8.5 Trike (anal 8 
15 23 18 25 22 18 22 
25p 23p igo 12 fo aed Gc pe Se cat 
Yy-\ Y% Yy- 316 TGS oh Lovey exshnadtiae ele 4-2 
80 140 140 ESD UR AD TEI ee Uh. dn ivets a oe Normal 


cloth and twill. 


r Light canvas. 


s This filter is much underloaded. 


Another performance 


shows 2700 lb. per square foot per 24 hr. dried from 50 per cent. moisture in feed to 10.8 


per cent. in cake. 
wile J 217. 


Oakdale. 


Submergence varies. 
greater the capacity but the wetter the cake. 
copper-covered steel wire at %-in. centers. 


t Have run up to 70 tons per 24 hr. and dried to 17 per cent. water. 
The greater the submergence (up to 3 ft. 6 in.) the 
v Canvas over hessian. 
16 hr. to re-canvas and re-wire. 


Wound with No, 14 


w No. 3 


Capacity of continuous-vacuum filters varies greatly as may be seen from 
For normal lead and copper flotation concentrate made 


the foregoing figures. 


with 1 to 2 lb. of oil, 400 to 600 lb. dry solid per sq. ft. of filter surface per 24 hr. 
is a fair figure for estimate. If for any reason, as ¢.g., the use of more oil or a 
de-flocculating agent, the concentrate is slow-settling so that the feed to the 
filter is unduly dilute, the filter duty may run down to 100 Ib. or less per sq. ft. 
while admixture of granular table concentrate may increase duty to 700 or 
800 Ib. Duty on zinc-flotation concentrate with low oil goes as high as 1300 
lb. at Timper Burrs. Granular products filter very rapidly, e.g., coal- 
flotation concentrate, 6500 lb. per sq. ft. per 24 hr. and the mixture of coal and 
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magnetite at Mmsanr (3600 lb.). Cyanide pulps, which require washing in 
addition to filtration average from 200 to 400 Ib. per sq. ft. per 24 hr., the 
lower figure being the safer for estimate. 

Cost of continuous-filter installation. Table 4 gives an estimate for an 
American filter installation as of 1924. 


Table 4. Estimated cost of an American-filter installation 


Ae @nG-H6S-diskt machine sk ns wccchelete usin 2 veteNe mote a ee $2600 
Extra foriagitating) dévice , : mien. ~ 2 cehetidaet. mrcPer-fe <5 ole 60 
Extra for variable-speed motor drive.............-...... 375 


1 @12 X 8-in. Ingersoll-Rand dry-vacuum pump, Type 
ER-1, 311 cu. ft. per minute displacement at 300 r.p.m. 


TQ ch Oey eh 5 1. Rezko Si Seen ONE O ac 776 
iixtrartorshort-beltvdeive:. (..xekete: 0 5 Rs cosh eae 104 

1 @ 10-hp., 3-phase, 60-cycle, 2200-volt, 1900-r.p.m. motor. . 195 
SIO US S< GOs VACEMMA TAMKS sc Srctels ce ve eo oy eee ele tneims oe 96 
2G igen. centrifugal pumps. vero ne oss cm wea ikbale «eet 295 
QZaOrs-hp. motors} 1900) pm ee e bs NS ca ee ope eee 240 
1 No. 3roots positive blower, 850 T.D.M. eww wwe ei ectes 84 
UO Sh pre OFOr. ae TER sh a Bac CSA oot steered 79 
MO t29-—30-1n., moisture traps Saypeiers = c.b-see le eens sc oho aye oe 40 
LAOEEQUSC SOs. GEE TECCLVER: aie 3 sakes cdo puss alec deers 22 
$4966 


Cost of continuous filtration (1922) ranges from 25 to 45¢ per ton of con- 
centrate, of which labor is 35 to 50 per cent., supplies 30 to 35 per cent., and 
power 20 to 30 per cent. At one plant using 65 hp., 6 per cent. was for driving 
drum, 19 per cent. for air-lifts for keeping pulp suspended in the filter tank, 
12 per cent. for compressed air for blowing, 40 per cent. for dry vacuum pump, 
7 per cent. for pump exhausting filtrate from receiver, and 16 per cent. for agi- 
tation of pulp in the feed tank. 

Cost of re-covering a 13 X 3714-ft. drum filter in the electrolytic zinc plant at Ana- 


CONDA was as shown in Table 5. Wight blankets handled 40,000 tons of solid at a cost of 
$0.0325 per ton for blankets. 


Table 5. Cost of re-covering 3 13 & 3714-ft. drum filter at Anaconda 


Blanketstwool), o¢ SQ. y ds: ts. rs oe ea ees $48.35 

BURA, asd Vide ous capes walks se hneg ec cae! Sarna 15.40 
GCOPPET WIEO eae Dee mec mberty ene sees aicteaneeneee $31.80 
MLessspalvage, Old wire. «<< ohis ckecheseute slob moth chee 5.50 

26.25 

DESEO Soc caahicacd ons g Mca oto Seen anathema geet ncaa 18.00 

$108.00 


4. Sand filters 


Caldecott sand table is a revolving annulus about 25 ft. outside diameter 
by 3 ft. wide with horizontal porous top over suitable vacuum compartments. 
It is run at about 20 ft. per min. peripheral speed with a vacuum of 5 to 10 in. 
Thickened sand pulp from diaphragm cones or mechanical classifiers is fed 
at any given point in the revolution and removed, after filtration, by a diag- 
onal plow just ahead of the feed point. About 0.5 cu. ft. per min. vacuum- 
pump displacement is required per square foot of filter area. 

At Simmer AND Jack Proprietary Mines, Lrp. one such table handled 500 tons quartz 
sand per 24 hr. andreduced moisture from 30 per cent. to 15 per cent. (RMP). At New Jnrsny 
Zinc Co. 6-ft. tables with 21 sq. ft. of filtering area (made by Oliver Filter Co.) treat 7, 2 
and 6 tons per hr. respectively of shaking-table concentrate, middling and tailing, all of 
which passes 8-mesh screen and contains about 4 per cent. —200-mesh. Feed contains 
30 per cent. water and product about 8 per cent. The layer of solid on the filter is about 
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4 in. thick. Speed is 1 rev. in 3 min.; vacuum, 6 in. Hg. The canvas used for filtering 
medium lasts 30 days. 

Rotary hopper dewaterer is essentially a drum-vacuum filter with the sides 
of the filtering compartments extended beyond the filtering surface to form 
V-shaped hoppers with radial sides in which granular materials can be piled 
and retained on the drum. The hoppers are fed by overhead chutes at a point 
slightly ahead of the zenith and discharge by gravity, aided by compressed 
air, if necessary. Rock sands will discharge with 10 to 15 per cent. water, if 
feed contains not more than 30 to 40 per cent. and if substantially free from 
slimes. Capacities are not well enough established to be accepted without 
experiment, but in filtering granular slate ranging from about 0.3 mm. to 1.5 
mm. and substantially slime-free, 2 tons per sq. ft. per 24 hr. has been handled. 

Filter tanks are rectangular or cylindrical in shape, fitted with porous 
false bottems, through which liquid passes by gravity, aided by vacuum toward 
the end of the draining period, if desired. They are frequently used for 
dewatering granular concentrate. The filter bottom must be supported on a 
grid-like frame sufficiently close-spaced to prevent harmful deformation of 
the filtering medium, which usually consists of a filter cloth laid over cocoa- 
matting or the like. A second grid is usually placed above the filter cloth to 
protect it when the filtered charge is shoveled out. Shoveling may be manual 
or a mechanical shovel of the orange-peel or clam-shell type may be used. 

At SHarruck Arizona (110 J 761) gravity concentrate containing 21 per cent. water is 
drained in concrete tanks with sand-filter bottom to a product containing 10 per cent. water. 

In the BuaispELL systTrmM the tank is circular with a central bottom-discharge opening 
about 12 in. diameter under which a belt conveyerruns. The discharge hole is closed during 
filling by a downward-tapering hollow steel-plate plug extending to the top of the tank. 
When this is removed it leaves a steeply-conical hole through the charge to which the fil- 
tered material is scraped by a revolving plow arm carrying a plurality of disk plows. A 
series of tanks is served by one plow mechanism, 


5. Pressure filters 


These are of two general types: (a) plate and frame presses, and (b) pres- 
sure tanks. The first are widely used in the chemical industry, but have had 
only a restricted use in milling; the second have been used to a considerable 
extent in cyanide work and slightly in filtering flotation concentrate. 

Plate-and-frame filter. A typical form is shown in Fig. 10. The essential 
parts are a framework consisting of two uprights (a) and two parallel tie-rods 
(6), a fixed head (c), a 
movable head (d), and a 
plurality of plates (e) alter- 
nating with frames (f). 
- Plates are of cast iron, 
suitably perforated with 
ports (g) and slightly re- 
cessed at the center as ce 
shown. ‘The recessed por- 
tions are grooved to allow Fie. 10.—Plate-and-frame filter. 
passages for solution be- 
hind the filter cloth. Frames are similar to plates with the recessed 
portion removed. Both are practically square in the section at right 
angles to the plane of the drawing. Plates and frames have outside lugs 
which rest loosely on rods (b) when the press is open and they may be 
lifted out separately, When assembling the press for operation, filter 


Be 
i 
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cloths are draped over the plates, perforated to correspond with the 
opening (g), are set on rods (b) alternating with the frames, and, when the 
desired number are in place the movable head is pushed forward by power 
screw (h) until all joints are made tight by reason of the canvas packing 
between the machined faces of plates and frames. Holes (g) in plates and 
frames, now registering, form a passage for feed pulp which is pumped in under 
pressure and passes through openings (7) into the space between the plates. 
Liquid passes through the cloth and along the faces of the plates to passages 
(k) which discharge through cocks (1). When the chambers are filled or nearly 
filled with cake, wash water may be sent through the press to wash the cakes, 
finally compressed air or steam to dry them, after which the movable head 
is run back and cake is dropped out of the chambers one at a time. The 
MbRRILL PRESS, Which is the only one that has had any considerable use for 
pulp treatment in cyanide work has an interior passage along the bottom for 
discharge of cake and a high-pressure water pipe with jets into the individual 
compartments for washing spent cake into the discharge passage. Hence it 
may be discharged without opening. 

Plate-and-frame presses are rated by the size and number of plates. The usual sizes 
are 18 X 18-in., 24 X 24-in., 30 X 30-in., and 36 X 36-in. with from 25 to 50 plates per 
press. Pressures depend on the filtering character of the material. They usually start at a 
low figure, say 5 to 10 Ib. per sq. in. and finish at 50 to 60 lb. High initial pressure clogs the 
cloths and makes the initial layer of solid too compact; high final pressures are necessary to 
force liquid through the thick cakes. 

Design of plates and frames is highly various. Complexity and number of ports depends 
on the number and kind of washes, whether blowing is to be practiced, and whether both air 
and steam are to be used. For considerable further detail as to construction and operation 
of presses see D. R. Sperry, vols. 18 and 19, CME. 

Centrifugal pumps are the best type for forcing feed pulp into plate-and-frame presses, 
because pressure is low at the beginning and gradually increases as resistance builds up, and 


also there is no pulsation to compact cake as by tamping, which effect is distinctly noticeable 
with reciprocating pumps. 


Pressure-tank filters are of several varieties of which the Kelly and Burt 
are best known in milling work. The former has had considerable use in 
cyanide work and some in concentrate filtration, the latter in cyanide work 
alone. 

Keily pressure filter (Fig. 11) consists of a basket (a) of filter leaves, carried 
on a frame (b) that can be slid in or out of a pressure tank (c). The tank is 
inclined so that gravity aids egress of 
the loaded basket. One end of the 
movable frame forms the closing 
head (d) for the pressure tank. 
Each filter leaf consists of a bag 
or slip carried on a rectangular pipe 
ee Collapse of the covers un- 

, a I ‘ er pressure is prevented by spacers 

Fig. 11.—Kelly filter. of wood, wire cloth or et fiber 
held between the walls. The lower pipes of the frame are perforated 
within the slips and are extended outside the slip covers through the movable 
head and terminate in cocks (e). When the tank is closed, pulp is introduced 
under pressure, filtrate passes through the canvas and out through cocks (e) 
while a cake of retained solid builds up on the leaves. When sufficient cake has 
built up, judged by the pressure on the gage and the rate of flow of filtrate, air 
is introduced to displace the remaining pulp through drain pipe (g) and to 
maintain pressure within the tank and hold the cakes in place, then water or 
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dilute solution may be pumped through for washing or air or steam for drying. 

Finally the leaves are run out and cake forced off by steam or compressed air 

introduced within the covers through pipes connecting with header (f). 

Gravity pressure may be used instead of pumps, if sufficient head is available. 
Performance on flotation concentrate: 


At Timper Bourre a 5 X 14-ft. tank with 850 sq. ft. of filtering surface treated 200 tons 
(max.) per day of zine concentrate (470 lb. per sq. ft. per 24 hr.), 15 percent. + 200-mesh, 
reducing moisture content from 45 per cent. to 10 per cent. Cake was 1.5 to 2.5 in. thick. 
Cycle was 10 min. for charging, 10 for filtering and 20 for discharging. Pulp was unheated. 
At Feprray Mrnine anp Smextina Co., Morning mill, a Kelly press with 240 sq. ft. of 
filter surface treated 18 tons per 24 hr. (150 lb. per sq ft. per 24 hr.) of lead concentrate, 99 
per cent. —200-mesh, and reduced the moisture content from 50 per cent. to 8 per cent. 
Pulp temperature was normal. The cycle was 5 min. charging, 30 min. filtering, and 7 min. 
discharging. Oliver filters treating the same material made a cake containing 6 to 6.5 per 
cent. water at the rate of 280 lb. of solid per sq. ft. per 24 hr. At Brapnrn, Kelly filters made 
a cake containing 18 per cent. water as against 23 per cent. in Oliver filter cake, the feed to 
both machines containing 35 per cent. water. 


Sweetland filter is similar to the Kelly except that the leaves are transverse and station- 
ary, the tank is jointed along a cylindrical element, and the bottom swung open for dis- 


charging cake. 

Burt leaf filter is similar to the Kelly. Leaves are transverse to the axis of the cylinder 
and hang vertically with the cylinder set at 45°. The leaves are fixed. Cake is blown off 
the leaves by compressed air or steam and flushed out of the tank with enough water to 


cause solid to flow on the steep angle. 


Burt revolving filter (Fig. 12) consists of a steel-plate cylinder (a) similar 
to a tube mill or rotary kiln, one end supported by a hollow trunnion (4), the 
other on a tire and rollers (c). 
The cylinder is closed by hy- f 
draulically operated toggles jae 
(d). The interior of the shell 
is lined with filter mats bolted 
on. The whole is revolved 
about 15 r.p.m. by means of 
gear (e). Feed is introduced 
through feed valve (f) until a 
proper charge has entered, when the air pressure is turned on. Filtrate is 
forced through filter mats and out through holes in the shell. Wash liquid 
is then introduced, as desired. Finally the closing head is withdrawn and 
the charge is tumbled out, sluicmg water being used, if necessary. 


Fig. 12.—Burt revolving filter. 


Ordinary PRESSURES are from 25 to 45 lb. The usual sizes are 36 to 48 in, diameter and 
20, 40 or 60 ft. long. Capacrry of 700 to 800 lb. solid per sq. ft. per 24 hr. on quartzitic 
slimes are claimed with cake thickness of 4 to 44% in. Average cycle at Ey Oro Min. & 
Ry. Co. (Chalmers & Williams catalog) was: charging pulp, 3.8 min.; forming cake, 25.5 
min.; adding wash water, 7.4 min.; washing 41.7 min.; discharging, 2.9 min, Average 
POWER consumption for running a 42-in. by 40-ft. filter was 4 hp, with a peak of 20 hp. at the 
time of discharging. (For detailed operations, see Rhodes and Myers, 97 J 1185.) 


6. Vacuum-leaf filters 


Moore filter (Fig. 13) consists of a basket (a) formed by a plurality of 
individual filter leaves (b) (shown in detail in Fig. 14) all suspended from a 
traveling crane over a compartmented tank (c). Lear (Fig. 14) consists of a 
canvas bag (a) slipped over a rectangular pipe frame (b) and stitched between 
wooden separating strips (c). The bottom pipe of the frame is perforated and 
is connected to header (d) and thence to a vacuum pump. In operation one 
of the tank compartments is filled with pulp and the filter basket is lowered 


vg 
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therein and allowed to stay, with vacuum on, until a cake of the desired thick- 
ness, usually 1 to 2 in., bas built up. The basket is then lifted to an adjoining 
compartment and immersed in wash liquid and finally, after washing in one or 


Fic. 14.—Detail of Moore filter leaf, 


more compartments, as desired, is transferred over a discharging hopper where 


the cake is blown off by compressed air. 


Butter’s filter is similar except that the filter basket is stationary in one tank, into which 


are pumped in succession feed pulp and wash liquids. 


same tank and flushed away. 
insure clean discharge. 


Finally the cake is blown off into the 
Cake in this type of filter must be at least 0.5 in. thick to 


Performance of Butters and Moore filters on cyanide pulps is given in 


Table 6. 


This type of filter is not used in filtering flotation concentrate. 


Table 6. Performance of Butters and Moore filters handling cyanide pulps 


A RUNACV GRY ast Gocncees Ceca eA de EOE RSE RCE oe eet Butters Butters Moore 
PA eee eters Gres ante eenereh, Aime teehee ee ae { oe. } Nipissing Hollinger 
; All — 200, All — 100, All — 100, 
Size, mesh....... sey Re abvrcescuetgever aes { 97 %~-200 80%-200 96.5 %-200 
1 TYETEI3 b/ Bad ee ROR CCR PIN och 0 Ie RCO Cie eae oer Zieeeal rope one 
Pericenta Ol water li Caen i mmeriie ceieteet tes ou 25 25-28 28-29 
Solution in feed, per ton of solution........... 5 oz. Ag 5 oz. Ag $4.50 Au 
Barren wash, per ton of solid. >.;......2...... a eb 2908 tyes ea 
Assay of solution in cake after wash........... 0.18 oz. Ag | 0.1 oz. Ag $0.009 Au 
Mater wash per ton of solid... ./:......08- 20> Nil Byte ah gaa | 
Motal filter area, square feet...........-..... 4300 4300 24,000 
Tons of dry slime per square foot per 24 hr..... 116 116 60 
COstmperevOmfor POWER sc<ctcie neues cyue ae cis ie $0.03 $0 .0083 
AD Onepanetercia.c « aivkare. skeacteac sac Meegerene oi teesra tn Merman. eee ee .08 .0584 
SHUTOTO) BSS Mee omene Ee Ae Ss CRO er ONT REs Meee teeny fete he ae ane 04 -032 
Miscellameous.ivemsc. tere cei se seperate lee rece chemeeee SO IMer on eeen ean Reena 
SDOGaIN ter eee Sei Pe eee as SAE RN $0.15 $0.16 $0 .0987 
GycletminGeBuilding cake ys S.c. .Valesaeel & 120 60-75 40 
IBarnent WASH a hiclirs eycteysctetety kus Sah Totiee mba 90 90 30 
WEIR OTE WAS Ia a sttirmctiy. c,d ltiuls ee CW cccevccurels cattccayal |ReR A Sew sae ire autke 20 10 
Discharge’, (aoc vs eee er ee 45 45 30-40 
Pots ee sO I Ra 255 215-230 110-126 
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7. Centrifugal filters 


Centrifugal filters are essentially the familiar basket centrifuge of the 
chemical laboratory adapted to large-scale continuous operation. They are 
used to dewater granular materials only, ¢.g., to dry fine granular bituminous 
coal as an alternative to gravity draining, 


(16) 


£3) = 


Fie. 15.—Hoyle centrifugal coal dryer. 


Hoyle dryer (Fig. 15) is typical of a continuous machine. The een 
parts are the screen basket (3) revolving at 600 1pm, ee! the spira Hake 
(16), revolving slightly slower, which scrapes the gee pou ge te 
is forced upward inside the basket by means of a fan to aid in drying, 


Cost of centrifugal coal drying is said to be less than $0,02 per ton (23 CA 784), 
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8. Comparison of filters 


CoNTINUOUS FILTERS have the surpassing advantage of continuous opera- 
tion with consequent low attendance charge and non-necessity for provision 
for storage of thickened feed pulp or alternative intermittent operation of 
thickeners. They are and should be used whenever a cake of 14 in. upward 
in thickness can be built in 3 to 4 min. under the vacuum available (this time 
being the economic maximum time allowable) and when sufficient washing 
can be effected. INTHRMITTENT FILTERS of both vacuum and pressure types 
have the advantage of complete control of cake-making and washing periods, 
they wash more thoroughly and with less water than the continuous machines, 
and have greater filtering area per unit of floor space. Disadvantages are the 
intermittent operation. PRrmsSURE FILTERS are better than vacuum when the 
cake has low porosity, but in them porosity of cake is less, cake is less uniform 
and consequently not so uniformly washed, wear on filter cloth is greater than 
in vacuum filters, and in those pressure filters in which pulp is forced in by 
pump the high wear on the pump is a charge against filtration. Porous-bottom 
tanks, filter tables and rotary dewaterers can be used only on highly permeable 
granular pulps. Centrifugal filters are used only in drying granular materials, 
notably bituminous coal. \ 
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Drying, in milling, is the process of evaporating, from ores and mill prod- 
ucts, moisture that cannot be removed by mechanical means such as draining, 
decantation and the like. The process enters into mill operations at two places, 
viz.: (a) when wet ore or an intermediate wet-mill product is to be treated by a 
dry process, é.g., dry screening, magnetic or electrostatic concentration or 
pneumatic separation; (b) when a mill product, ¢.g., concentrate, is to be 
shipped a considerable distance and freight on water is more costly than its 
removal. 


1. Principles 


The fundamental principle in all drying operations is to maintain the par- 
tial pressure of the water vapor in contact with the liquid water below the 
vapor pressure of the liquid water. i 

Tf a liquid (e.g., water) is introduced into a vacuum, it evaporates quickly 
and, if the amount introduced is sufficient so that not all will evaporate a con- 
dition of equilibrium is soon reached at which vapor exerts a steady pressure 
on the walls of the container. This pressure is independent of the volume of 
the container but varies with the temperature. It is called the vAPorR PRES- 
suRE. When it has reached a constant value the space is said to be SATURATED 
with vapor and the numerical value of the pressure is the same as the vapor 
PRESSURE (Or VAPOR TENSION) OF THE LIQUID. At this point any further evap- 
_ oration of liquid is accompanied by condensation of an equal weight of vapor. 

Numerical values of the vapor pressure of water at different temperatures are 
given in Sec. 25, Table 11, Col. 2. 

Tf the liquid, instead of being introduced into a vacuum, is introduced into 
a space containing air or another gas not the vapor of the liquid, evaporation 
takes place, although more slowly than in the preceding case, until a constant 
state obtains, when the amount of vapor in a given space will be practically 
the same as though no other gas were present, and the partial pressure due to 
the vapor will be the same as the total pressure before and numerically equal 
to the vapor pressure of the liquid. Now the air or gas is said to be saturated 
with the vapor of the liquid. Since the amount of vapor in the gas-and-vapor- 
filled space is greater the higher the temperature, it follows that the amount of 
vapor in saturated air likewise increases with increase in temperature. ‘The 
relation is given in Table 11, Sec. 25. 

If, instead of being placed in a container, the liquid is open to the atmos- 
phere, evaporation similarly takes place and continues until the adjacent 
atmosphere is saturated, z.e., until the partial pressure of the water vapor in 
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contact with the liquid water is equal to the vapor pressure of the liquid water. 
The rate of evaporation increases with increase in the difference between the 
vapor pressure of the liquid and that of the adjacent vapor, hence it increases 
with increase in temperature of the liquid and with the vapor-absorbing 
capacity of the surroundings. Since evaporation into a vacuum is more rapid 
than into a gas-filled space, the vacuum gives maximum vapor-absorbing 
capacity. Since heated air can carry more vapor than cold air, it accelerates 
evaporation, and since the partial pressure of dry air is less than that of moist 
air, continuous replacement of the gas in contact with the liquid will likewise 
accelerate evaporation. 

Heat required. It is fundamental, of course, to the discussion, that heat is 
the cause of evaporation. The molecular explanation is that heating increases 
the velocity of the liquid molecules sufficiently so that some of these that leave 
the liquid surface travel far enough not to return, and, in the presence of the 
elevated temperature, have sufficient molecular velocity to maintain the gas- 
eous spacing. : 

The heat necessary to cause evaporation may be transmitted directly to 
the liquid through the walls of the container or may be carried by the air or 
other gas that is brought into contact with the liquid surface. Both methods 
of heating are employed in the dryers used in milling practice. In both cases 
heat must also be supplied to raise the temperature of the apparatus to the 
working temperature and to maintain it there in the face of heat loss by radia- 
tion and conduction, to raise the temperature of the solid from the inlet to the 
discharge value, to similarly raise the temperature of all of the entering water, 
to evaporate the water, and to msure that the discharged gases are above the 
temperature at which condensation of water vapor will take place in the exit 
flues. 

Rate of evaporation of water from a mixture with discrete solid particles 
depends, during the first part of the drying operation, principally upon the dif- 
ference maintained between the vapor pressures of the liquid and adjacent 
gaseous medium, but after the 
moisture has been lowered to 
the point that the material can 
be caked by pressure, the rate 
of diffusion of liquid to the . 
surface of the cakes controls. 
At this time the evaporation 
rate can be greatly increased 
by agitation that will break 
up lumps and shorten the dis- 

tance through which liquid 

AEE ineece le a must diffuse. The drying rate 
0 20 40 60 80 100 120 140 160 120 200 220 40 from the point where liquid is 
Time in minutes visible to a moisture content 

below the caking point varies 
with the character and size of 
the solid particles. Porous and finely-divided materials reach the caking point 
more quickly than dense and coarse materials, hence their average drying rate 
over the above range is slower. Unsized material dries more slowly than sized. 
There is no method of theoretical analysis of the problem of rate, but Atwater 
and Borkland (29 CME 226) report tests on several typical substances using an 
indirect-heat steam dryer, Their results are summarized in the curves in Fig. 1, 


Per cent. moisture in wet sample 
n 
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Fig. 1.—Rate of drying various materials. 
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The low drying rate at the beginning of the operation on coal, gypsum and fire-clay repre- 
seats time during which the material and apparatus were being brought up to efficient evap- 
orating temperature. The flattening at the lower end of all the curves begins at the point 
where caking becomes important. The average drying rates for lump gypsum and for 
quartz sand were substantially the same throughout the drying range and remarkably alike 
above the caking point. The rate for slack bituminous coal was less, due to its greater 
porosity and mixed sizes while that for fire-clay was minimum, due to the fineness of grain 
and high caking point (18 per cent. water). Apart from these facts the noteworthy feature 
in all of the curves is the disproportionate time required to drive off the last of the moisture. 
Thus bituminous coal dried from 27 to 2.5 per cent. moisture in, roughly, 55 min. or 0.45 
per cent. reduction in moisture per minute, while to dry from 2.5 per cent. to 1 per cent. 
required 80 min. or 0.014 per cent. per min., roughly one-thirtieth as fast. Gypsum dried 
from 17 to 2.5 per cent. moisture in 36 min., 0.4 per cent. per min.; and from 2.5 per cent. to 
substantial bone-dryness in 26 min. or 0.1 per cent. per min., say one-quarter as fast. Sand 
behaved substantially the same as gypsum. Fire-clay required 150 min. to dry from 40 to 
2.5 per cent. or 0.25 per cent. per min., and 80 min. more to reach substantial dryness, equiva- 
lent to 0.031 per cent. per min., say one-eighth as fast. While these curves cannot be read 
directly to give drying time for similar materials in other types of dryers, the relative times 
required to dry down to and below 2.5 per cent. moisture with similar materials may be used 
in lieu of more direct experimental information in any given case. 


TYPES OF DRYERS 
2. Drying floor 


The simplest drying operation consists in spreading material on floors, 
protected from the elements but open to free circulation of air. Under these 
circumstances drying takes place even with freezing temperature, although 
very slowly. The rate is increased by turning material over from time to 
time. This type of dryer is used in certain small and crude non-metallic 
milling plants, e.g., tripoli, bauxite, ete. It is applicable only where labor is 
the cheapest commodity entering into the treatment process, tonnage is small, 
and time is not an important element. 


Heated fioor is used at Tut Mi Cuune mill (119 P 814) for drying flotation concentrate. 
The floor is of concrete (1 of cement, 2 of washed sand, 4 of 34-in. gravel), 21% in. thick, 
reinforced with barbed wire laid in 3-in. squares at 34-in. from the bottom of the slabs. 
Checker-work flues underlie the floor. The slope toward the stack end, which is also the 
loading end, is 1 in. per foot for the last 3 ft. and 14 in. per ft. for the rest of the length. 
Concentrate is brought in cars from the thickeners, dumped at the stack end and allowed to 
drain. Material is then raked by hand toward the fire end, where it arrives dry. Six 
floors, each 15 X 40 ft. are needed for 30 to 35 tons per day of concentrate screening 97 per 
cent. —200-mesh. FurL CONSUMPTION ranges from 0.1 to 0.2 cord of wood per ton dried, 
summer and winter respectively, and averages about 0.14 cord. Cost of drying, sampling, 
sacking, and weighing is $0.90 per ton with wood at $3.60 per cord and labor at $0.25 per 
day of 10 hr. At Tonopan Minine Co. (91 J 1214) fine gravity concentrate was drained 
in an 8-in. layer on sloping (3-in. per ft.) plank floors to 15 per cent. moisture in 20 hr., 
then dried to 3.4 per cent. on a steel-plate floor. With coal at $13.50 per ton and wood at 
$9.50 per cord the total cost of drying 4 tons per day was $0.84 per ton. 


8. Tower dryer 


Tower dryer consists essentially of a furnace with high vertical brick stack 
down which the material to be dried falls. Fall is impeded by grids or baffles 
set at right angles across the stack or by a series of shelves projecting from the 


walls. 


Fig. 2 shows two different forms in use at the Franklin mill of Now Jmrsry Zinc Co. 
The stack is usually laid up of three or four courses of common red brick, bound both ways at 
about 3-ft. intervals with tie-rods laid in the brick work, or with buck-stays and tie rods. 
The sides and arch of the fire-box and the first few feet of the stack are lined with one course 
of fire brick. Racks for T-bar grids are carried on the inner walls or, as at the Eimpree Iron 
AND SrHeL Co. mill (99 J 560), carried on independent hollow sectional cast-iron columns, 
built up like tile pipe, set in the corners of the stack. If shelf baffles are used, they are 
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usually carried on the stack walls and may be made of adjustable slope. At Empirn Iron & 
Srpezt Co., the stack is 5 ft. square and 45 ft. 4 in. high and is set on a concrete block 10 & 10 
x 10 ft. The baffle bars are arranged in ten sections or groups. The lowest seven sections 
consist of five tiers of five bars each, the bars in alternate tiers at right angles. The upper 
surface of the bars (the cross-bar of the T) is 6 in. wide and % in. thick. The bars are set 
to give 6 in. clear horizontally and 8 in. vertically. In section No. 8 there are 4 tiers of 
4 bars per tier, each bar 9 in. wide and 1 in. thick. This leaves 7 in. clear between bars 
horizontally and 10 in. vertically. In section 9 there are three tiers of 3 and 4 @ 9-in. bars 
per tier, leaving 10- and 10%-in. spaces horizontally and 12 in, vertically. In the top or 
No. 10 section there are two tiers with 3 and 4 @ 9-in, bars per tier, leaving the same hori- 
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Fig. 2,—Tower driers at New Jersey Zine Co. 


zontal spacing as in No. 9 but 15-in. vertical spacing. The web of the bars fits loosely into 
the supporting racks and doors are provided at each section for ease in changing. The 
firebox is 6 ft. 9 in. X 7 ft. 6 in. with grate for burning No. 2 buckwheat coal undies korea 
draft. Additional air is furnished by a No. 80 American Blower Co.’s steel-plate exhaust 
fan. This air is pre-heated by drawing it over the arch of the furnace; it then passes under the 
arch, where it Joins the gases of combustion in passing up the stack. A 30-in. (diam ) by 
20-ft. stack is provided and a damper arrangement to cut in the blower or the stadke fox draft 
as necessary. Feed is through a 144 X 244-in. slot and carries an average of 14 per cei. 
moisture. Average feed rate is 25 tons per hr., maximum 35 tons. Product is substantially 
dry. At New JERSEY Zinc Co., Franklin mill, the double-furnace dryer shown in Fig. 2 
dries 100 tons of —1-in. feed per hour from 3 per cent. moisture to apparent dryness Fuel 
consumption is 700 lb. anthracite buckwheat per hour. The air used amounts to 20 000 cu. ft 
per min. and the blower draws 30 hp. The single-furnace dryer is fed 6 tons per hr a 10-mesh 
material containing 8 per cent. moisture; discharge is substantially dry : 
is 250 lb. per hr. (anthracite). 
consumption of 10 hp. 


é Coal consumption 
The blower supplies 5500 cu. ft. of free air per min. with a 


A similar dryer at the same plant with a stack 3 ft. 6 in. square and 
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32 it. high handles 11 tons per hr. of —6 + 35-mesh feed carrying 10 per cent. water and 
brings it to substantial dryness with a coal consumption of 170 lb. per hr., air consumption 
of 3200 cu. ft. per min. and power draft of 15 hp. At the OcprNsBuRG mill of the same 
company 20 tons of —1-in. ore per hr. is dried in a stack 3 ft. 6 in. square and 40 ft. high 
from 10 per cent. water to apparent dryness. Fuel consumption (anthracite) is 450 lb. 
per hr., air consumption 10,000 cu. ft. per min., requiring 10 hp. at the blower motor. In 
the same mill a double-stack dryer, each stack 3 ft. square and 38 ft. high dries 3 tons per 
hr. of —8 + 35-mesh feed from 15 per cent. moisture to apparent dryness. Fuel consump- 
tion is 200 lb. per hr. of powdered bituminous coal, air consumption is 8000 cu. ft. per min. 
-and power consumption about 10 hp. In all of these New Jerspy Zinc Co. dryers the 
attempt is to keep the exit gases down to 200° F. At WuirsawRBEE-SHERMAN MILL No. 
3, — 34-in. roll product (magnetite gneiss) is dried from 3 per cent. to 0.2 per cent. moisture 
at the rate of 50 tons per hr. in a stack 4 ft. 9 in. square X 50 ft. high. Coal consumption 
is given as 1 ton of anthracite (birdseye) per 24 hr., but thisis undoubtedly below the 
actual consumption for the reduction in moisture stated. Average evaporation in tower 
dryers is between 4 and 6 lb. of water per pound of 13,000-B.t.u. coal. 

The DISADVANTAGE of the tower dryer is the difficulty of regulating the rate of fall and, 
consequently, the amount of drying. In dryers with adjustable-shelf baffles this may be 
done by changing the inclination of the shelves, but not much is to be gained here because, 
if the shelves are made flat enough to materially retard flow, the wet material sticks and piles 
up and substantially all drying effect of the shelf surface is lost. Another disadvantage 
is the large loss in head room, The apvaNTAGES are simplicity of design and operation. 


4. Rotary dryers 


The rotary dryer is the commonest form of mechanical dryer. It consists 
essentially of a long cylinder mounted on a slight incline (acute cones and hori- 
zontal cylinders with internal spirals are also used), revolved slowly while the 
material to be dried and the heated gases pass therethrough. Lifting angles 
on the interior of the shell lift the drying material and drop it through the cur- 
rent of gas, thereby both spreading the material out in a manner favorable 
to evaporation of the contained moisture and aiding its progress through the 
shell. Several types are manufactured. 


Fic, 3.—Direct-heat cylindrical drier. 


Direct-heat cylindrical dryer (Fig. 3) is the simplest form. The essential 
parts are the drying cylinder (a), furnace (b), exhaust chamber (c) and driving 
mechanism (d). Feed enters through spout 
(e) and is discharged into a suitable recep- 
tacle or conveying mechanism at the other 
end of the shell. The shell is made of heavy 
steel plate with riveted joints. Longitudinal 
lifting angles are riveted to the inner surface. 
Heavy steel tires (f) bolted to the shell, ride 
on hardened-steel rollers (9). 

Various methods are employed to resist end 
thrust. Fig. 3 shows flanged rollers used at the head 
end. Fig. 4 shows a more efficient, although moré 


Fig. 4.—Roller bearing for rotary expensive form with horizontal rollers (a) that bear 
dryer. against the sides of the tire. 
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A gear drive is usual although chain-and-sprocket drive is used on some 
small, light machines. Coal is the usual fuel, but any fuel may be used. The 
use of a blower in addition to a stack is wise, since it gives positive control of 
draft and increases thermal efficiency. 

It is, of course, possible to place the furnace at either end of the shell, as 
desired. The arrangement shown in Fig. 3 is the usual one, as combustion is 
not checked by contact of the gases with cold wet material and dust losses are 
less because the sheet of wet solid at the feed end serves as a sort of filter for 
the dust-laden gases. 


Usual cylinder sizes are 4-, 5-, and 6-ft. diameter with lengths ranging from 25 to 35 ft. 
for the 4-ft. shell and 35 to 60 ft. for the 6-ft. shell. Usual spemps are 3 to 6 r.p.m. PowER 
required for dryer cylinder and fan averages about 10 hp. for a 3 X 25-ft. machine; 15 hp. 
for a 4 X 30-ft., 25 hp. for a. 5X 35-ft., 25 hp. for6 X 40-ft., 50 hp. for 7 X 50-ft., and 70 
hp. for 8 X 60-ft. (C. O. Bartlett and Snow.) Fur. consumption averages about 1 lb. of 
13,000-B.t.u. coai per 5 lb. of moisture evaporated. 


Direct-indirect-heat cylindrical dryer is shown in Fig. 5. The elements 
of the shell are the same as those in the dryer just described but the circulation 
of hot gases is first around the outside of the shell, then through the shell. 
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Fic, 5,—Direct-indirect-heat cylindrical dryer, 


Dampers (a) and (b) determine the proportion of gas passing through the shell 
interior. By closing (6) and opening (a) the machine becomes an indirect- 


heat dryer. The usual cylinder sizes are the same as those of the preceding 
machine. 


This machine utilizes heat more completely and efficiently than the direct-heat machine, 
both on account of the enclosure of the shell, which decreases radiation losses, and the longer 
time that the gases are in contact with surfaces to be heated. Furtu consumption is about 
1 Ib. of 13,000-B.t.u. coal to 6 or 6% Ib. of water evaporated. 


Another form of direct-indirect-heat cylindrical dryer is shown in Fig. 6. 
Hot gas directly from the furnace passes through the inner shell and returns 
between the two shells, as indicated by the arrows. Feed enters at the fur- 
nace end of the outer shell, is lifted by the ribs of the outer shell, showered 
through the stream of hot gas onto the ribbed outer surface of the inner shell, 
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held for a while in contact with this hot surface, and then showered again 
through the gas stream onto the outer shell. This cycle is repeated many 
times in the passage to the discharge-end head where the material is finally 
picked up by buckets on the inner surface of the outer shell, dropped onto the 
fluted discharge cone (a), and carried out through the discharge trunnion. 


Fic, 6,—Ruggles-Coles double-shell dryer. 


Cylindrical dryers in concentrating mills are usually of the direct or direct- 
indirect type, since discoloration and overheating are of no importance. 
Their use is ordinarily limited to granular materials, however, on account of 
the high dust losses with finer feeds. 

Performance of double-shell dryers on different classes of material are indi- 
cated by Table 1, 


Table 1. Tests on Ruggles-Coles dryers. (Ruggles-Coles Eng. Co.) 


Size of dryer, diameter, in. X length, ft.| 60 X30 | 8045 | 7035 |70 & 35 | 90X55 160 X30a 
Material being dried..:.............- Sand | Clay { |Cement/ \ Goa) ( Tron | China 

\} rock | J ore clay 
Temperature of external air, deg. F.... 40 52 65 45 60 50 
Temperature of exhaust from fan, deg. F. 98 140 102 180 123 166 
Temperature of material entering dryer, 

Ce De ee Mr EE Tek oa 32 40 60 60 48 58 
Temperature of material discharged 

fromudryer, degs Bunn! ence nnckeu e: 210 350 142 238 188 227 
Calorific value of fuel used, B.t.u.....| 12,100 | *14,000} *13,600] 13,500 | 13,544 | 12,405 
Fuel consumed per hour, lb.......... 266 857 | 346.58| 338 767.4 280 
Amount of moisture in material fed, 

DEETCEIG ee Fh IER RDS, 5.67 | 29.92 | 4.52 9.8 17.6 27.3 
Amount of moisture in material dis- 

Charged! "per center) Sa A. 0.27 Dien 0.56 4.3 en 0.7 
Water evaporated per hour, lb........ 2187 7319 2034 2463 6328 1414 
Water evaporated per pound of fuel, lb.| 5.49 8.54 6.46 Wie 8.25 5.05 
Dried material per hour, Ib........... 24,307 | 18,539 | 48,150 | 23,400 | 46,144 | 3915 
Fuel per ton of cried material, lb.....] 21.8 92.4 14.4 28.9 33.3 142 
Heat lost by exhaust air, per cent.....| 7.3 8.7 5.9 14,2 7.4 26.6 
Heat lost by radiation and other causes, 

DEIRCONY cares are iets «ohn terete eens g 11.6 11.8 12.2 8.2 8.8 22.9 
Heat used to raise temperature of 

POACCTIAN, DCL CMU. -seeror cate ses < sys 28.6 9.8 32.6 16.2 14.2 3.8 
Heat used to evaporate water, per cent.| 52.5 69.7 49.3 60.7 69.6 46.7 
Power required for fan.............. 2.5 5 3 3 7 3.0 
Power required for drum............ 11 27 17 18 47 12 
Total thermal efficiency............. 81.1 79.5 81.9 76.9 83.8 50.5 


* Estimated. @ Completely indirect, 


ef 
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In PHOSPHATE WASHING (40 A 929) a 5 X 40-ft. machine dries 135 to 165 tons of — Y-in. 
slime-free gravel per 24 hr. from 20 per cent. to 2 or 3 per cent. moisture with a consumption 
of 75 lb. bituminous coal per dry ton and 15 to 20 hp. for driving the shell and fan. At the 
U. S. Smettine, Rerinina anp Mrintne Co., Midvale plant, a 5 X 30-ft. Ruggles-Coles 
(double-shell) machine dried 90 tous of —16-mesh table middling per 24 hr. from 14.5 per 
cent., moisture to bone-dryness with a consumption of 3 tons of bituminous coal per 24 hr. 
Temperature of exit gases was 350° F. Speed, 5r.p.m. Power consumption, driving shell, 
6 hp.; fan, 4 hp. About 5.5 per cent. possible running time was lost due to shell repairs. 
At ArrertHouGHT CoppEer Co. (119 P 154) a 5 X 30-ft. oil-fired machine was used to dry 
about 150 tons flotation concentrate per 24 hr. from 15 per cent. to 5 per cent. moisture. 
About 10 tons of flue dust was collected monthly. Some caking occurred near the feed end 
when concentrate was sticky. 


Multiple-tube dryer is a form of cylindrical dryer with the shell replaced 
by a number (usually 3 to 5) of parallel tubes aggre- 
gating in outside diameter the usual 3 to 8 ft. of the 
single-shell machines. Various arrangements are 
shown diagrammatically in Fig. 7. Sufficient space 
Fic. 7.—Arrangements 18 maintained between the tubes to allow free cir- 
of tubes in multi-tube culation of hot gases. The machines may be run 
revolving dryers. either indirect-heat or direct-indirect. 


ADVANTAGES are greater heating surface for indirect heating and reduction in power con- 
sumption due to distribution of the ore stream around the axis of revolution. PownrR 
CONSUMPTION is from 70 to 80 per cent. of that required for a single-tube dryer. C. O. 
Bartlett & Snow claim an average of 8 lb. of water evaporated per pound of 13,000-B.t.u.- 
coal in their multi-tube dryer operated with both direct and indirect heat. 

Dust losses may be an important factor in drying in rotary and tower dryers. Dietz 
and Keedy (43 A 342) give the data shown in Table 2 for operation of a414% X 24-ft. rotary 


Table 2. Dust loss in a rotary dryer. (After Dietz and Keedy) 


Assay Percentage of total 

Products Weight, 

per cent. 

Pb,percent.) Ag, ounces Pb Ag 
SROvAlteed). seta Mate. =k one 100 10.35 9.68 100 100 

IDryndiseharee svc .c aot ss tot 96.2 eee 4 9.34 90.7 95.40 
Settled in chamber.......... i eee 35.30 10.30 6.04 1.94 
Settled in smoke-stack....... 0.76 18.50 8.60 1.36 0.69 
MOSHI LASES Se cos fis ten enereare nl 77/ 14.30 15.20 1.75 2.04 


dryer running at 8 r.p.m. with light draft, the feed carrying 5 to 8 per cent. moisture. Ata 
dry-crushing cyanide plant, drying — 2-in. material in rotary dryers that needed strong draft, 
from 5 to 6 per cent. of the feed, which assayed 0.31 oz. Au and 0.15 oz. Ag, was lost as 
—150-mesh dust that assayed 0.48 oz. Au and 3.48 oz. Ag. In an elaborate test with a 
4 X 30-ft. rotary dryer, sloped 14 in. per ft., they found that in drying —2-in. zine ore, 
about 12 per cent. of the feed was reduced from +16-mesh to —16-mesh by the tumbling 
action in the dryer, and that this 12 per cent. of the feed carried 19 per cent. of the zinc. Ina 
dust-collecting system in the same plant substantially 16 per cent. of normal dryer feed 
was collected carrying 19 per cent of the total zinc and the more-gritty part of the collected 
product had the higher assay. 


5. Rabbled-hearth dryer 


Rabbled-hearth dryer is of the indirect-heat type. It consists essentially 
of a long bottom-heated trough through which the material to be dried is 
slowly moved and at the same time turned over by suitable rabble arms 
attached to a reciprocating or chain-drag mechanism. Inclination of the 
rabble blades is made adjustable to permit variation in the speed of travel 
of material. In the reciprocating machines, length of stroke and height of 
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lift are also adjustable. The firing box is usually placed at the feed end and 
| the hot gases pass through a checker-work under the cast-iron plate bottom. 
Common sizes are 3 X 30-ft., 3 x 40-ft., 4 X 40,4 X 50,5 X 50 and 5 x 60-ft. 
| The Lowden dryer (Fig. 8) is 
| the best-known of the hearth 
| machines. 


_. Performance of rabble driers. 

According to Watt (67 A 885), 
Lowden dryers require 70 to 120 lb. 
of coal per ton of lead-flotation con- 
eentrate to dry from about 14 per 
| cent. to about 6 per cent. moisture 
and the usual size allowance is 10 
sg. ft. of hearth area per ton of con- 
centrate to be dried per 24 hr. At 
| Feperat Leap Co. mint No. 4 one 
12 X 24-ft. machine dried 50 tons 
_ per 24 hr. of —80-mesh flotation- 
| lead concentrate from 15 or 16 per 
cent. moisture to 4 to 6 per cent. with a consumption of two tons of soft coal. The machine 
was run at 214 strokes per min. and consumed about 6 hp. Lost time for tightening rakes, 
replacing crank pins and repairing furnace hearth and arch amounted to about 2 per cent. 
A common set-up, with gravity feed from filter and gravity discharge to a car-loading hopper 
is shown in Fig. 8. At Hayes Minune Co. (111 J 909) a 5 X 17-ft. Lowden dryer, oil- 
heated, dried 175 tons per month from 35 to 15 per cent. water at a cost for fuel of $6.90 
per ton of water evaporated. Results of efficiency tests on two Lowden driers are given in 


M0 arth filling 
Slope of floor, 13'in 12" 
Fig. 8.—Lowden dryer and Oliver filter. 


Table 3. Reynolds (116 P 745) gives data on FUEL CONSUMPTION in drying flotation con- 
Table 3. Efficiency tests on Lowden dryer. (Colorado Iron Works Co.) 
BY MPM Rr es ts Peaks. ci oes scence Serb fantg's cas pda Pins owas Thoscee et Fckete be vere bagel Gas Vindicator 
Nitorial A), &, kyauees rise tie tke ets Ril ds Bae a { Flotation Flotation 
concentrate | concentrate 
mireloe Meareny it)... t eat FETE Rar 12 28 6 x 40 
Sieg esl eg cess Os Oa Se Pyck tsk ass, PERE SCR chat se Ee MU ron, Sheik Bit. coal Lignite 
Heed, wet. weight, pounds, pershour es,.htccie aida oc. rte eee. 11,959 3638 
PM MGHSEUEC IM LCOG, DOP COM by exc chy ass ois wie 60% amie Rao ee earns 14.0 29 
Moisture in product, per-CeMts af... wes ne a eee 6.5 13 
Water evaporated, pounds per hour....................... 959 673 
Beclburned, pounds: per hoursaw+1. ails tra gieenat, 2). 1a: 275 166 
OR URUISSDET DOUG «cote vis fina oes aaa Ee eee OER aces 10,500 10,000 
mMOmpCrapOlcOl Gly SOUGS ann tac citar we oc pea ome op a ee P DoD 128.5 
Water evaporated per pound of fuel, Ib...................5 3.49 4.05 
Temperature of feed, degrees F...2.......0.5..0.2.-002-0.5 52 52 
sbemperature, of product, degrees Piva es a. 34. ty baie PI 212 
Heat used to raise temperature of solids,(a) B.t.u........... 411,400 103,320 
Heat used to raise temperature of total water,(6) B.t.u...... 267,840 168,800 
Heat used to evaporate water,(c) B.t.u................00.. 926,394 650,118 
ihotal heat usetullyzappliedsiB. tani 4 5 @ see ects ee LAG 1,605,634 922,238 
motsiiheatideveloped, Byte. © wif Pasa sled eppe Penden’ oxy sgh S¥ co eke 2,887,500 1,660,000 
PERTELE TLC Veter at secteur tee ear teageat ste foes eyes ee see Sao were ieee gnats hy SING} 55.5 


a 10,285 (weight of dry solids, lb.) X 160 (temperature rise) X 0.25 (specific heat of 


solid, B.t.u.) = 411,400. 
heat of water, (B.t.u.) = 267,840. 
of evaporation) = 926,394. 


b 1674 (weight of water, lb.) X 160 (temperature rise) X specific 
c 959 (weight of water evaporated) X 966 (latent heat 


centrate at three different plants as follows: (1) 56 tons (dry weight) per 24 hr. from 15 or 
16 per cent. to 4 per cent. moisture with 314 tons of coal; (2) 30 tons (dry weight) per 24 hr. 
from 15 to 16 per cent. to 5 per cent. moisture with 134 tons of coal; (3) 31 tons (dry weight) 
per 24 hr. from 29 per cent. to 13 per cent. moisture with 2 tons of coal. At Liperry BELL 
two steam-heated rabble-type hearth dryers with 4 x 10-ft. drying surface, in series, are 
used to dry 12 tons of 300-mesh flotation concentrate per 24 hr. from 20 per cent. to 10 per 
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cent. moisture. The company estimates a fuel consumption of 0.5 ton of coal per 24 hr. 

wo dryers. ! nes ’ 
eh ee ate with chain-drawn rabbles is shown in Fig. 9. This form is likely to give 
trouble by dragging sticky concentrate in a thick sheet along the hearth, resulting in high- 
power draft and wet discharge. C. O. Bartlett & Snow estimate the CAPACITY at between 
2 and 8 Ib. of moisture per square foot of heating surface per hour with a feed containing 
25 per cent. moisture, and a FUEL CONSUMPTION on the same material of 1 pound of 
13,000-B.t.u. coal per 3 lb. of moisture evaporated. 
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Fic. 9.—Chain-drawn rabbled-hearth dryer, 


Applicability. The rabble dryer is particularly useful for drying sticky material that 
would ball up in a revolving dryer and for fine material such as flotation concentrate that 
shows excessive dust loss in such a machine. 


6. Design of cylindrical dryers 


Cylindrical dryers are designed by a method of cut-and-try, using in part 
accurate thermodynamic data and in part empirical data, finally checking the 
result, if possible, against actual performance under similar conditions. The 
items to be determined are, (a) the dimensions (volume or area) of the drying 
zone, (b) the amount of gas that must be handled, (c) the amount of heat that 
must be furnished, (d) the amount of power that will be consumed. The data 
required are, (1) the amount of solid to be handled per unit of time, (2) the 
inlet moisture content, (3) the exit moisture content, (4) the character of the 
material, its size, specific gravity, and whether it will suffer from overheating 
or discoloration, (5) the type of fuel. 

Type of dryer. If material is not sticky and breakage and dust loss are not 
serious items, a tower dryer or a rotary dryer may be employed, preferably 
the latter. This is the case with most mill products other than fine concen- 
trate; with such material a dryer of the rabbled-hearth type should be used. 

Size of dryer depends upon the amount of drying that is to be done, the 
type of dryer and the character of the material. These factors combine to 
give the pryING Tix, which, if determinate, forms the basis of the caléulation. 
Published data on drying time are very scanty (see Art. 1). An approxima- 
tion may be made by laboratory experiment that reproduces the method of 
drying as closely as possible. Thus heating in a thin-bottomed metal pan over 
a naked flame, with intermittent stirring and a gentle draft blowing over the 
surface of the material will give drying time for a layer of material of given 
depth. Similar heating of a thin bed with constant stirring and.a current of 
hot air passing across the surface of the material will give a maximum figure 
for drying time in a tower or rotary-shell dryer. Unless the necessary reduc- 
tion in moisture is very small and the final moisture content required is upwards 
of 3 or 4 per cent. a tower dryer should not be considered, and if considered, 
can probably be most safely designed by following the particulars of such a 


device successfully working under similar conditions as to size and kind of 
solid, and initial and final moisture content, 
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If a reliable figure for drying time can be obtained, the proper size of ¢ylin- 


_der for a rotary dryer can be determined as follows: If the drying time 


is between 20 and 30 min., it is usual to make the volume of the shell (V) five 
times the volume of material in it at any one time, or 


URS Me? See ee aren me (1) 


in which ¢ = drying time in hours, 7 = tons feed per 24 hr. andc = cu. ft. of 
feed per ton. The diameter (d) and length (J) of the shell may be found from 
V through the relation, ordinarily prevailing, that 1 = 7.5d, from which 


Ves Gd: (Approx.)s- 95st te ee 


Usual commercial cylinder diameters are 3, 4, 5, 6, 7 and 8 ft. and the 
usual corresponding lengths are the nearest 5-ft. to 7.5-times the diameter. 
Slope and speed (r.p.m.) may next be settled from the relation 


le—-sd di) 2 etarsina (ao 90) | eee ee a (3) 


where J, t and d have the significance already assigned, n = r.p.m., s = slope 
in ft. per ft., and a = the average angle, reckoned in the direction of revolu- 
tion, from the bottom of the shell to the point where the lifters discharge. 
With radial lifters, 2 may be taken as 112°, with U-shaped lifters at 135°. 
The USUAL SPEEDS range from 3 or 4 r.p.m. for 8-ft. diameter to 5 to 8 r.p.m. 
for 3-ft. diameter. The usual slope is 1:24. With a fixed, setting either 
n or s obviously sets the other. 

Temperature. When no limits are set by the requirements of the materia) 
itself, the attempt should be to make the temperature drop of the gases in 
passing through the drying zone as great as possible. The temperature limit 
is then imposed by the amount of heat that the dryer shell itself can stand. 
The strength of steel plate reaches a maximum at about 600° F’. and falls very 
rapidly at higher temperatures until at about 660° it is the same as at ordinary 
temperatures. At 1000° the strength is only 40 per cent. of maximum, at 
about 1200° F. the plate becomes dull red and hereabout the susceptibility to 
corrosion increases greatly. Hence the temperature of the incoming gas 
should never be as high as this unless the gas-inlet end of the shell is protected 
by very moist, cold ore, and even with this protection the shell should not be 
called upon to support any great load at the heated portion. 

High inlet temperatures with direct-heat dryers almost invariably result 
in high exit temperatures, hence if large temperature drop is to be attempted 
the dryer should be of the indirect-direct type with the hot gas entering under 
the feed-inlet end, passing around the shell to the discharge end and passing 
through the shell counter to the flow of ore. 

The lower temperature limit may be anything desired, except that it must 
be borne in mind that the volume of gas necessary to carry the heat to effect 
evaporation will be very great when the inlet temperature is low, that as a 
result the heat loss in the outlet gases may be greater than when a smaller 
volume of gas at higher temperature is used, that the power required to move 
the larger volume of gas will be greater and that dust loss will be increased. 
On the contrary, radiation loss will be less and the life of the dryer shell will be 
longer with low inlet temperature. 

Best exit temperature is stated by different writers at between 120 and 170° F. With 
lower temperatures there is danger that the gas will become supersaturated and deposit 
moisture while with higher temperatures heat loss is unnecessarily high. 

Heat required is that needed (1) to raise the solid from inlet to outlet tem- 
perature, (2) to raise all of the water in the feed through the same temperature 
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range, (3) to evaporate the water, (4) to supply radiation loss and (5) to supply 
the loss through gas leaks. 


Heat required to raise the temperature of the solid is given by the equation 
Hs => Wshs(te = ti), . ° c . 5 « . . . a (4) 


where Hs is the required number of B.t.u., Ws is the weight of solid heated, in pounds; 

hs is the specific heat of the solid in B.t.u. per lb. per deg. F.; te is the exit and % the inlet 

temperature in deg. F. The specific heats of common materials are given in Sec. 25, Table 7. 
Heat required to raise the temperature of the water is obtained by the equation 


Hy — W wlte aa t), . . - . . . . - - - (5) 
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intersection with ordinate representing moisture in product and read on left-hand scale 
pounds of water to be evaporated per ton of wet feed. 


Fic. 10.—Weight of water evaporated per ton of wet feed from a given inlet to a 
given outlet moisture percentage (after Ruggles-Coles Eng. Co.). 


where Hy is the required quantity of heat in B.t.u., and Wy» = total weight of water entering. 
The specific heat of water is practically 1.0, so does not need to appear in the equation. 

Heat required for evaporation (H,-) is the product of the weight of water evaporated 
(We) and the latent heat of evaporation of water at the outlet temperature (hj). See See. 
25, Table 11. 


Fg SW ehyt OSS Fee SF ah eee) Neate eG) 

Fig. 10 gives a graphical solution of the amount of water to be evaporated in terms of 
moist weight of feed and feed and discharge moisture percentages. 

Heat lost by radiation depends upon the construction of the dryer and upon the inside 

temperature. Heat loss in terms of B.t.u. per sq. ft. per hr. per degree F. difference in tem- 


perature inside and outside the dryer walls is given in Table 4 for various kinds of dryer 
enclosures. 


Heat lost by leakage of gas forms a considerable part of the total heat supplied. An 
allowance of 10 to 20 per cent. of the sum of the above four items should be made to cover. 


All heat to perform the above computed heating duty must be supplied 


by gas passing around and through the heating zone. The heat balance is 
shown in the equation 


Whg(tz = tz) Hs ae Hw li He aS radiated ae Dee Ss (7) 


in which Wg = total weight of gas required in lb., hy = specific heat of the 
gas (0.23, for air, is sufficiently accurate, since air predominates), and t; and tg 
are inlet and exit temperatures of the gases respectively. With this air there 
will pass through the exit passages of the dryer the vapor of the evaporated 
water. The DEGREE OF SATURATION may be determined by adding to the evap- 
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orated water the water entering with the inlet air. Compare the ratio of 
total pounds of water in exit gas to total pounds of dry air therein with the 
column headed “Ratio, vapor/air” in Sec. 25, Table 11. If the corresponding 
temperature in the table is well below the exit temperature no precipitation 
need be feared. 


Table 4. Heat loss by radiation from dryer walls. (After Buck, 29 CME 626) 


Heat loss, B.t.u. 
per square foot 
Material per hour 
per degree F, 
temperature 
difference 


Asbestos, Johns-Manville special, Type A, built-up................. 
Asbestos, Johns-Manville special, Type B, built-up................. 
Asbestos, Johns-Manville special, Type C, built-up................. 
Asbestos sheet, 2-in., fine, refractory-coated..................-0-0.. 
Asbestos, !4-in. Transite, 2-in. impregnated Asbestocel sheets, sheet steel 
Sole Se BEN ERO ee est BRS: Gee Bee i ae Oe ER foe ee a A me a eS 


tect, > oy temperature difference.) its ovis gs Pros ee eee 
mLeel, 100° tempenaturendifference =, sry ue ay eis eet ls ae ee 
tech p50? fpempersturediterenee: ors tec, teen a oe en ee 
Steel, 200° temperature difference |), , otcnccteveusn ul mia. bd on. 
Sheet steel, 2 pilates separated by 34-in. air space................... 
Sheet steel, 2 plates separated by 1-in. impregnated Asbestocel sheet: . 
Sheet steel, 2 plates separated by 1%-in. impregnated Asbestocel sheet. . 
Sheet steel, 2 plates separated by 2-in. impregnated Asbestocel sheet. . 
BGM eee site CT Ca Crs SCA CELI R: iin ste 9, Gas siece es ee wees pale we a Gt ¢ ask eae 
Wood, %-in. T. and G. sheathing, and sheet steel.................. 
Wood, %-in. T. and G. sheathing, building paper, 4-in. air space, build- 

ing paper, 44-in. Transite, built up on 2 X 4-in. studs ............ 


SCOCOCONNNWKOOCOCOSOCSCSO 
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Volume of gas. To determine the volume of gas to be handled by the 
blower, take the reciprocal of the corresponding value in the column headed 
“Weight in lb. per cu. ft. of saturated mixture” and multiply by the ratio 
(tg + 491)/(t, + 491) where t, is the tabular temperature corresponding to 
saturation, as above. 

Velocity of air leaving the dryer shell should not exceed 300 to 400 ft. per 
min., if dust loss is an important consideration. If a dryer, calculated as 
above, shows greater velocity than this, and dust loss must be prevented, 
higher initial and lower final tempera- 
tures should be investigated. If such 
change in conditions does not reduce 
velocity sufficiently, a dust collector is 
probably the cheapest method of over- 
coming the difficulty. Anthracite........ 12,000 to 14,000 

Amount of fuel required is determined | Bituminous....... 10,000 to 15,000 


Table 5. Approximate heating value of 
various fuels 


Fuel B.t.u. per pound 


by dividing the total heat requirement eae iol oleae oe ss ae 
(Hy + Hy +H.+ .. .) by the heating | pry wood......... 8,000 to 9.000 
value per pound of the fuel that is to be | Fuel oil........... 18,000 to 19,000 


used. See Table 5. 

C. O. Bartlett & Snow estimate the consumption of 13,000-B.t.u. coal as 1 lb. per 5 lb. 
of moisture evaporated in an exposed-shell direct-heat revolving dryer, 1 lb. per 6.5 lb. of 
moisture in an enclosed-shell indirect-direct heat machine and 1 lb. per 8 lb. of moisture in 
the enclosed-shell, indirect-direct heat, multi-compartment machine, when the final moisture 


content required is not below 3 or 4 per cent. 
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Size of grate necessary for coal-burning dryers may be determined by 
reference to Fig. 11. 
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. 11.—Size of grate required for different kinds of fuels (after Lucke, Engineering 
thermodynamics) . 


Centrifugal dryers. See centrifugal filters, Sec. 17, Art. 7. 

Electrical dryers —At Gotp Hunter (111 J 909) eight coils of high- 
resistance wire wound on 1-in. iron-pipe supports were spaced at 1-ft. inter- 
vals across and near the face of an Oliver filter. Each unit consumed 3.95 kw. 
The filter handled 30 tons mixed table and flotation concentrate per 24 hr. 
The cake without the dryer averaged 11 per cent. water; with the dryer, 8.7 
per cent. The cost per ton of water evaporated was $6.86. At Bunker Hinu 
and Suuuivan (ibid.) a rotary dryer consisting of a piece of 12-in. iron pipe 
10 ft. long, covered with 3¢-in. asbestos was wound with 205 turns of bare No. 4 
hard-drawn copper wire (90 lb.) terminating on collector rmgs. A current of 
82 amp. at 282 volts was supplied and heat generated by hysteresis and eddy- 
current losses in the pipe walls. The pipe rotated 7 r.p.m. spiral rabbles inside, 
turning 1.4 r.p.m., moved the ore through. Pre-heated air was forced through 
counter-current. The capacity was 17 tons of flotation concentrate per 24 
hr. from 11.4 to 6 per cent. moisture; cost of power, $5.66 per ton of water 
evaporated. 
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1. Introduction 


Necessity for storage arises from the fact that different parts of the opera- 
_ tion of mining and milling ores are performed at different rates, some are 
intermittent and others continuous, some are subject to frequent interruption 
for repairs and others are essentially batch operations, so that unless reservoirs 
for material are provided between the succeeding different steps the whole 
operation is rendered spasmodic and, consequently, uneconomical. Storage 
: _ bins are the best means of distributing the product of a crusher of high capacity 
“to several crushers of low capacity, as for instance, jaw-crusher product to 
| | stamps. Large bins are desirable because they allow mill feed to be well mixed 
and tend toward uniformity. When a bin is fed with undersize from run-of- 
“mine ore and crushed oversize, these products should be delivered at the same 
point in the bin or segregation of sizes, and probably, of values, will be unavoid- 
able in drawing. 

Amount of storage necessary is ordinarily considered and expressed in 
terms of the daily tonnage capacity of the plant. It depends on the equipment 
of the plant as a whole, its method of operation, and the frequency and dura- 
tion of regular and unexpected shut-downs of individual units. At many 
mines ore can be taken out during a part of each day only on account of the 
necessity for getting supplies into the mine through the same opening; on the 
other hand concentrating mills are most efficient when continuously operated, 
due to unavoidable tailing losses in shutting down and starting up the machin- 
ery. Mine operations are more subject to unexpected interruption than mill 
operations and coarse-crushing machines are more subject to clogging and 
breakage than fine crushers and concentrating machinery. Consequently 
both the mine and the coarse-crushing plant should have greater hourly eapac- 

ity than the fine-crushing, and concentrating units and storage reservoirs 
should be provided between them and the mill proper. Ordinary mine shut- 
downs, expected or unexpected, will not generally exceed 24 hours duration 
and ordinary coarse-crushing plant repairs can be made within an equal period, 
if a good supply of repair parts is kept on hand. Therefore, if a 24-hour supply 
of ore that has passed the coarse-crushing plant is kept in reserve ahead of the 
mill proper, the mill can be kept running independently of shut-downs of less 
than 24 hours’ duration in mine and coarse-crushing plant. It is wise to pro- 
vide for a similar shut-down of the mill. In order to do this the reservoir 
between coarse-crushing plant and mill must contain at all times unfilled spacef 
capable of holding a day’s tonnage from the mine. Ore-storage reservoirs 
ordinarily are not of such shape that they can be filled or emptied completely 
without shoveling and, since to incur the expense of shoveling would to a large 
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extent defeat the purpose of storage, additional storage room must be pro- 
vided so that a day’s tonnage may be drawn into the mill proper, in case the 
ore supply stops for a day, and the same tonnage may be discharged into the 
partly-filled bin in the usual way, in case the mill ceases to draw. The amount 
of space that must be provided for un-drawable material and the additional 
amount that cannot be loaded without shoveling depend upon the shape of the 
bin, the method of drawing, and the method of loading. In ordinary rectan- 
gular bins it will amount to something more than that necessary to hold a 
day’s supply of ore. Hence a bin to fulfill the conditions set down must have 
a volume equivalent to something more than three days ore supply and should 
be run about half full to provide against unexpected shut-downs at either end 
of the plant. Similar methods of analysis are applicable at other points in the 
path of the ore. The average of present-day practice, derived from data 
from 23 mills chosen at random is three-days’ storage capacity; individual 
figures range from 0.9 to 10 days. These figures in many cases comprise both 
coarse- and fine-ore storage, 7.e., between mine and coarse-crushing plant and 
between coarse-crushing plant and mill. Peculiar conditions, such as long and 
uncertain haul from mine to mill, great variety in character of ores treated in a 
given mill, and the like, give rise to special storage problems, resulting in the 
provision of storage in excess of the average. 

Methods of storage. Considerable storage is usually provided in the mine 
itself, in stopes and skip pockets, thus allowing actual breakage of ground and 
some underground haulage to proceed even after available surface storage 
space has been exhausted. When for any reason an extended mill shut-down 
is incurred and it is particularly desirable that underground breaking be 
carried forward in excess of the underground storage capacity, stockpiles may 
be built on the surface in a location convenient both for building and subse- 
quent excavation. ‘This may be the solution when extensive exploration work 
is carried forward during the building of a mill. SrocKkpmina is resorted to 
when winter conditions are such as to prohibit excavation in open-cut mines 
and the year’s mill supply must be taken out in the open montlis; or when 
transportation is stopped during the winter, though mining can be carried 
forward, as is the case in the Lake Superior iron ranges; or when the product 
of a milling operation is bulky, as in the case of coal or crushed stone and the 
demand is seasonal and in excess of mine or mill capacity. RaAmroap cars 
may form a considerable part of the storage system; particularly when the 
haul from mine to mill is long. Buys are the commonest type of ore-storage 
reservoir. They are built in several different shapes, of masonry, concrete, 
steel and wood. Shape is determined primarily by the service the bin is to 
render, secondarily by the materials of construction. Wooden bins are 
ordinarily cheapest in first cost and easiest to construct. Masonry and con- 
crete bins have the longest life. Steel bins are lightest and occupy the least 
space for a given capacity. They can be built in shapes that better withstand 
the pressure of the filling material and they maintain their original rigidity 
much better than wooden bins. Fire hazard is great in wooden bins, and, if 
the ore is wet, the bottom rots rapidly unless well ventilated: If bins are 
loaded by trains they are subjected to much vibration and heavy racking 
strains. Under these conditions the tension rods in wooden bins must be 
continually watched and tightened and the bins will, in time, become so 
rickety as to be dangerous. The large sticks of timber needed in high and wide 
wooden bins are becoming so scarce and expensive that the cost of such bins 
approaches more and more closely that of the other types. 
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2. Shape of bin 


Common shapes are shown in Fig. 1. 
Flat-bottom bin (a) is suited to timber, steel or concrete construction. It 


_ is the cheapest type of all to build and in it the ore forms its own bottom so 


that there is no wear on the bottom of the bin itself in drawing. 
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Circular. 
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Fic. 1.—Typical bin shapes. 


DIsApDVANTAGES are (1) that the bin cannot be emptied without shoveling, and (2) that 
the angle of repose material in the dead part of the bin may be as great as 60° when the ore 
contains a large.amount of fines and an appreciable percentage of moisture, so that the free- 
running bin capacity is much less than in a sloping-bottom bin cf the same horizontal cross- 
section. A flat-bottom bin is not suitable for service where material must be treated in lots, 
asin custom plants. Flat bottoms are frequently filled with waste, particularly if the ore is 
high-grade, so that interest will not be lost on high-grade ore locked up in bottom filling. 
But if the mill is working to capacity in any case, treatment of material that would otherwise 
form bin filling leaves a corresponding amount ‘‘locked-up”’ in the mine. The loss with 
high-grade ore by passage of fine material down into the waste filling may well exceed an 
actual interest loss. If the dead space in a flat bin is filled with ore, this ore forms a reserve 
if the emergency justifies shoveling, but after the bin has been thus emptied no ore can be 
drawn therefrom until an amount substantially equal to that shoveled out has been replaced. 
Anthracite coal should not be handled through flat-bottom bins because of breakage of coal 
in the dead space by pressure of the coal above. 


Slanting-bottom bins. Type (0) is typical of small bins that it is desired 


‘to empty frequently, such, for instance as shipping bins and concentrate 


bins. Type (c) is perhaps the commonest around milling plants. It is suit- 
able for distributing to and feeding gravity stamps, rolls, ball mills, or other 
multiple units. Completeness of discharge depends upon the spacing of gates 
lengthwise of the bin and the bottom slope. The minimum slope upon which 
material will side depends upon the kind of material, size of pieces, percentage 
of fines, percentage of moisture and surface of bin bottom. Minimum sliding 
angles for dry materials containing only a small percentage of fines, on steel- 
lined bottom, are given in Table 3. The slope of the bin bottom should be at 
least 2°, better 5° greater than these figures. Type (e) is a modification of (c) 
rarely used on coarse feeds, but sometimes used for fine-ore bins and shipping 
bins. It saves timber for a given capacity, and is useful when delivery on two 


sides can be utilized. 
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Hopper-bottom bin (d) gives the highest percentage of gravity delivery 
of any of the first five types. Discharge must ordinarily be collected and 
transported to the following machines by a conveyor or cars. This type is 
particularly suitable for long bins of large capacity. Types (f), (g) and (h) 
are typical coal bins. They give a relatively high percentage of discharge by 
gravity; are shallow and do not cause the coal to crush, yet are of good capac- 
ity per foot of length. All of these types, while best adapted to timber con- 
struction, may be built of steel or reinforced concrete. 

Steel bins. Forms (2), (7) and (k) are particularly adapted to steel con- 
struction, although both (2) and (j) have been built with reinforced concrete. 
Wood-stave circular tanks with flat bottoms have been used for both coarse- 
ore and concentrate-storage bins, but the gravity discharge percentage is low. 
Circular and elliptical shapes are particularly suitable for deep-bins, since the 
metal of the walls is under tensile rather than bending stresses and the pressure 
on the bottom is relatively small. Such bins with conical bottoms will draw 
practically clean, if the ore is not too moist. Stress in the hemispherical bot- 
tom (7) is less for a given loading than in a conical-bottom, hence lighter mate- 
rial can be used, but the gravity draw-off is not so complete. 

Suspension bunker (k) puts all of the wall in tension and can be extended 
indefinitely at right angles to the section shown without any increase in weight 
of section, and without the loss in storage capacity that is attendant upon 
placing circular or elliptical bins side by side. It has been used extensively 
in fuel storage and handling plants, but not much in milling work. Its merits 
warrant investigation, however, when the amount of storage needed per foot 
of length of mill bin is within the limits of its capacity, 


3. Design of bins 


This problem involves the usual elements of determination of loads and 
design of members to bear them. Wear due to passage of material through 
the bin must be anticipated and structural members guarded against blows 
and abrasion that would weaken them. Determination of loads is by the same 
methods that are employed in the design of retaining walls (see Sec. 27, Art. 
14). Many formulas and graphical methods have been proposed. Those by 
Rankine, Coulomb and Cain, summarized by Ketchum (Design of walls, bins 
and grain elevators), are best known and should be investigated in the case of 
large and elaborate structures. The graphical method given below, based on 
Coulomb’s theory of ““‘maximum wedge thrust”’ is satisfactory for most. cases. 

Preliminary considerations are: (a) required capacity in tons; (b) cor- 
responding cubical content based on weight of filling (Table 1), space that 
cannot be loaded and space that cannot be emptied without shoveling; (c). 
location of bin and effect of topography on shape; (d) purpose of bin and effect 
of delivery requirements on shape, e.g., the length of a bin to feed a battery of 
secondary crushers is determined to a considerable extent by the overall length 
of the battery; (¢) material of bin, e.g., height and breadth of a timber bin 
are limited to a great extent by maximum sizes of stock timber, deep steel bins 
are more economically loaded and drawn than shallow ones, etc.; (f) angle of 
repose of material to be stored (Table 2); (g) angle of friction of material on 
bin walls (Table 3). 


Graphical method of determining pressures on bin walls. If ABCD (Fig. 2) represents 
a transverse section of a flat-bottomed bin, broken rock, when poured therein, along the 
center line, will come to rest with inclined surfaces BE and HC. Angle EBC is known as 
the ANGLE OF REPOSE (@). Its magnitude depends on the friction between the particles of 
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DESIGN OF BINS 
Table 1. Weights of bin-filling materials 
Material State 
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Weight per 
cubic foot, 
pounds 


Note.—Volume of broken rock in dumps and bins is from 1.6 to 1.9 times 


volume in place. 


Table 2. Angle of repose of bin fillings = ¢ 
Material State Angle ¢, 
degrees 

PAM thr aGlte.s font «22 tteius sates BrokGmploGse maser a sects etabeuss cack ah au Wepcuctsicinx fects 7 
INAEOG, AUTH. sible ks d staiets 5 EN oe Made ch ead ovat ob Ba CRT: sraxstniglet ahaa 40-45 
erent yeaa le Me te TY eee ese ova os aged treme its agua Cotas 40 
PORCH U ITT ore. See 95 per cent. through 20-mesh screen........ 37 5 
Genent Lee eee eas 96 per cent. through 100-mesh screen, piled.. a 
@ement! clinker! yh Throughslto=1n strech rs... .etie eg ccaas senha 33 
Cement, material, raw....| 90 per cent. through 20-mesh screen........ 33 
Cement material, raw..... 89 per cent. through 100-mesh screen, piled.. b 
Clay Sees MPR ne DWampee eee: Ceased bhi eee peer at 27-45 
Clay PEK i SOT aa SW 'GE one ie Roh DS PEL ay os ES ee PP 16-17 
Coal, bituminous......... 63 per cent. through 10-mesh screen........ 34.5 
Goal bittiminous® (sees. = 98 per cent. through 100-mesh screen....... 16 
Coal, bituminous......... BrokenMloase die h aerL heres Mee Tey eek bettas 35-45 
Coal, bituminous......... SLAC Radke, OE Ae Seid eRe epee cetera gee 37 5-45 
(SUR CULE a ey i ee) aE Py MMe ee BRL a teers Saas EES NZ Rea we 29 
STEEN. ees 4) ome, ONT FE INEOISt Erte. act ete tbir ela Sen td alte ehitasls © 45 
arth: oes... eee es IVI oreo oe IEEE Lebboeniatgaceniebad «cn 17 
GTA Vel Mae eT OPE, DER ES Ps Rees Sh ER aren: 37-48 
Grriavevae | Paki, AAR TA Seonihy cs trden. cette (ht eat to eit te deats ees 26 
Prom OLe, SOLGs. wes soni. fen Broken tice oc. cscs bear Aaee a ad ny ar ihe te) Ree 35 
OT Oe ae eras See ety Broke@wii. cts es bates te we sharttet sh cit leback esas bonus 45 
Sadere sors tas Ean IDUOEH CUA tera varx TpOS er (nd DEGRA bae3 a bipOehe San 31-37 
{SSer0 0 L tee beaks Rees a kee LCE PA W Gb tants. SORA oe ee ead eee iare haere sible ae 26 
| SOTO6 el Rec uae Seta ee IP Reis NCAP EL edo OD Cc THA CEASA IOLA IO Oat ree 32 
SUD rae ld Alen actoe Rca Reni SMA SIZES sscycushenenae ere eame ees corer ee tees cach 45 
SGI ert cd 4 tia cro amie Crushed, fines screened outiadnie. Yairi. o)inls 37 (average) 


a Slope concave. 
apex and 38.1° at apex. 


Radius of curvature 78 ft. 
(Ketchum.) 


b Slope concave. 


Angle 5° at 5 ft. horizontally from apex and 48,3° at apex, (Ketchum.) 


Angle 6° at 40 ft. horizontally from 
Radius of curvature 7 ft. 934 in, 
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Table 3. Friction of bin fillings against walls = 0 


Angle of friction, 0, degrees (6) 


Material State Bin lining 
Cribbed Steel plate Concrete 
wood 
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a With grain. 6 Angles will be increased by presence of large amount of fine, damp 
material. Range of figures, where given, represents limits of authorities. 


material and is different with different substances, sizes, mixtures of sizes, and moisture con- 
tent. (See Table 2, compiled from various sources.) A heap of ore with cross-section BEC 
: will exert no pressure on walls 
AB and DC. Side pressures 
are all taken up within the pile 
of material itself. Herein lies 
one of the differences between 
such materials, known as SEMI- 
FLUIDS, and true fluids. If bin 
ABCD is charged level full, the 
mass of material will tend to 
rupture by sliding of the upper 
part over the lower along some 
plane such as BF, lying be- 
tween AB and BH. The 
thrust of wedge AFB against 
wall AB is the pressure against 
the bin front, according to 
Coulomb’s theory. This thrust 
is a maximum when BF bisects 
angle ABE. If wall AB is 
considered displaced a small 
distance to the left, wedge 
ABF will slide a small amount 
along BF and in coming to 
rest will exert a force P on 
AB that is the resultant of 
a force N, normal to the wall 
and another F, acting verti- 
eally downward in the plane 
of the wall. This latter force 
is due to friction between the 
material and the wall. The 
ratio ,/N, is equal to the co- 
efficient of friction of the filling 
on the bin wall. (See Table 3.) 
To determine P, consider a 
wedge of material having the 
section AFB and 1 ft. in thick- 
Fig. 2.—Solution of stresses in flat-bottom bin, ness sere the fength oh the bans 

, in equilibrium under the action 

based on Coulomb's theory. of forces exerted by the wallAB 

and the material lying to the right of BF. Lay off AN proportional to the weight of block 
AFB, The resultant of the reaction of the material to the right of BF on ABF acts in q 
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direction inclined ¢ below the normal to BF. This will be (45 + ) deg. below AF. Draw 


43 o 
AX making angle FAX equal (45 + ) deg. Through N draw NY so that angle @ is equal 


to the angle of friction (tan @ = » = coefficient of friction) between the material and the 
bin wall. (See Table 3.) NJ is the total pressure in 1 ft. length of wall AB, in magnitude 
and direction. The point of application is K located 2h/3 downward from A. Normal 
pressure JV; is the horizontal component of P} (=NJ). Pressures on CD arethesame. Total 
pressure on BC is the weight of block ABCD and is uniformly distributed along BC. The 
distribution of pressure along wall DC(= AB) is determined by placing N, = 4CL X h, 
solving for CL and completing the triangle as shown. Unit pressure at any point along 
DC can then be read off directly. 

In a slanting-bottom bin (Fig. 3) take @ = 40°, h’= 8 ft., breadth of bin = 12 ft, weight 
of bin filling = 100 lb. per cu. ft., and @ = 30°. Solve for P; as described in the preceding 
paragraph. To determine Pe, draw CN = RQ, determine area DCN and lay off No through 
the point of application, 2h’/3 down from D. Through this point draw the line of action of 
P2 making an angle 0(=30°) with Ne, then complete the triangle of forces. Consider block 
ABCD, weighing W, in equilibrium under the action of the forces P}, Pz, W and P3, P3 being 
the total reaction of the bottom to the load, unknown in magnitude and direction. W acts 
through the center of gravity of ABCD, located at T. (See Sec. 26, Art. 13.) To solve for 
the magnitude and direction of P3, lay off T'S to scale, equal and parallel to W; SV equal 
and parallel to Py, and VU equal and parallel to Pe; UT, closing the force polygon, deter- 
mines P3 in magnitude and direction. The line of action of P3 is determined as follows: 
Choose any point O so that angles between lines O7, OS, OU and CV are as large as con- 


| veniently possible. Choose any point such as 6 on the line of action of P; and draw lines vo 


and so parallel to OV and OS, respectively. Produce so to intersect 7S, produced if neces- 
sary. Through this intersection draw to parallel to OT. Produce vo to meet line of action 
of Pp. Through the intersection draw wo parallel to OU. Produce wo and to to intersection. 
Through this intersection draw wt parallel to UT; wt is the line of action of P3. To deter- 
mine N3 = (normal component of P3) lay off P3 along line ut from the point where ut cuts 
the bin bottom. Project this length onto a normal to the bin bottom through the same 
point and scale off Ns. To find the distribution of N3 along the bin bottom, lay off the pres- 
sure trapezoid BCaZ so that the area = N3. Now 4(BZ + Ca) X BC = N3. (A) If BC 
and Za were produced they must meet at Y on AD produced, then Ca/BZ = YC/YB. 
(2) Secale YC and YB and solve for Ca in equation (2). Substitute in equation (1) and 
solve for BZ. Lay off BZ and AYBZ. Lay off Ca parallel to BZ and scale off or solve by 
the preceding equations. 3 

Ketchum gives another method for this solution in which friction between the walls and 
material is disregarded. In bin ABCD (Tig. 4) the total normal pressure on wall AB is 


1 — si é 1 
Py = Ywh? Ls ey, acting through a point 2h/3 below A, where w = weignt of material 


1+ sing 

i imilarl gine 
in Ib. per cu. ft. Similarly Pe = 4w Els eS 2nd 
BC and AD to intersect at J. Calculate weight of wedge ABJ = 4% ABX AJ X w= W. 
This acts vertically downward through the center of gravity of triangle ABJ. Produce the 
line of action P; to intersect the line of action of W at K. Lay off KL to scale equal to W. 
Lay off LM equal and parallel to P. MK = P3. Construct the normal component of 
P3; = N3. Construct AJBO so that area = N3. CQ = unit pressure at point C. Area 
BCQO = total normal pressure on the bottom per foot of length of bin. Lay off CH = FG. 
Complete the pressure triangle DCH, Area DCH = total normal pressure on CD. Note 
that the assumption of smooth walls results in larger values for the pressures on walls and 
bottom than does the preceding solution. 


Surcharged bin. Pressures on the walls of a surcharged bin are much 
greater than in one level full. Fig. 5 gives the pressure analysis for such a bin 
assumed surcharged at an angle equal to the angle of repose of the material 
(= ¢). Weight of filling = 100 lb. per cu. ft., dimensions are shown; or 40°. 
The resultant pressure on the bin wall for this condition is a maximum and is 


inclined parallel to the surface of the ore. 


To DETERMINE THE PRESSURE AGaInsT AB: Lay off BX parallel to AM. Draw AE 
perpendicular to BX and lay off AF so that angle HAF = 9 = angle of friction between 
wall and filling. From F as a center with radius FA strike arc A@ and draw the straight 
line AG. P,; = AAGF Xw. The point of application is 2h/3 down from A, Lay off P; 


To find total pressure on BC, produce 
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Fic. 3.—Solution of stresses in slanting-bottom bin, based on Coulomb's theory. 
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and the normal component Nj; in the usual fashion. La i 

: y off the pressure triangle ABH = Nj. 
Lay off CL = JK and complete the pressure diagram DCL. Area ADCL = Np. Po athe 
parallel to MD and is determined from Ne as shown in Fig. 5. Tora PRESSURE ON BOTTOM 
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Fig. 4.—Graphical solution for slanting-bottom bin, neglecting friction against 
walls. 


may be calculated by assuming block ABCDM as a rigid body in equilibrium under the 
action of the non-concurrent forces — Py, — P2, W(= area ABCDM X w) and P3. The 
method of solution is as described for Fig. 3 and is shown in Iig. 5, taking the center of force 
polygon SUQR at T. This assumption results in a value for P3, in a bin of a given size, less 
than the value for P3 in a bin level full, when calculated as in Fig. 4. For MAXIMUM PRES- 
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SURES ON BOTTOM, assume block ABCDM in equilibrium under the non-concurrent forces 
Ni, No, W and P3 and solve for P’3 and N’3, as in Fig. 3. (To determine the center of 
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Fie. 5.—Graphical solution for surcharged bin. 


gravity of block ABCDM, determine the centers of gravity of ABCD (see Fig. 3) and ADM 
separately. Take moments around axes at right angles, for instance, lines HB and DC 
and solve for the resultant moment arms.) To DETERMINE DISTRIBUTION OF NORMAL ee 
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SURE ON BOTTOM, produce MD and BC to intersect at j. Lay off the trapezoid BCKl to 
7 
equal N’s as follows: Bl = a Sy Lay off Bl to seale, draw lj. Point k is deter- 
BC ( uf 1) 
jB 

mined by the intersection of Cz (parallel to Bl) with lj. The bottom pressure may also be 
determined by assuming a block ABjM in equilibrium under action of forces W” (= weight 
of this block) Ny; and P’”’3, as in Fig. 4 and solving for P’’3, N’’3, and the pressure trapezoid 
as in that figure. 


Deep bins. The preceding methods apply only to shallow bins, 7.e., those 
in which the plane of rupture cuts the surface of the filling material. In deep 
bins a large part of the vertical pressure is taken by the walls of the bin, which 
must, therefore, be designed to withstand the resulting compression. Hither 
of two methods of solution is commonly used; both accord well with experi- 
mental results. 


Janssen’s method arrives at the equations: 
wR = zt) 
’ 


V= l-e & 


ky! 
=k , 
L= eC ~ oy 


_where V = vertical pressure in lb. per sq. ft., and Z = lateral pressure in lb. per sq. ft. 


at any point on the bin walls; w = weight of filling material in lb. per cu. ft.; R = hydraulic 
radius of bin = area in sg. ft. + perimeter in ft.; * = an experimental constant that can 
1 — sing’ 
1+ sind’ 
filling; p’= tan 0 = coefficient of friction of filling against bin wall (Table 3); h = depth in 
feet of the point investigated below the surface of the filling; e¢ is the Napierian base (Sec. 
24, Art. 14). 
Airy’s method (Pro. Inst. Cw. Engrs., vol. 131 [1897]) gives 


wd(2h — dtan x) (tan « — pu) 
2(1 — pw’ + (u + pv’) tan x)’ 


where P = total pressure on bin wall, d = breadth of bin, uy = tan @ = coefficient of inter- 
nal friction of filling material, 1 = coeficient of friction of filling material on the bin wall, 


be approximated by the formula k = where ¢ = the angle of repose of the bin 


and x = angle that plane of rupture makes with horizontal = 45 — 4 P is a maximum 


2h 1 a’) (1 4+ 1 = py’ ; , 
when tan x = V2 =e a =) ic He “) Bias Pak Pa hence the equation for Pymaqz. is 


2 


2h SE k 
tut #1 = py’ Vip 
wa2 d 
Pmax. = > w+ 


and ert 
Vite 


eset: cele 

ZL at any depth = raise a 
qe Hy no) cE ees 
V at any point = L/k. 
Compression in bin walls at any depth y is given by Ketchum as 
R —kuly 
peurly-2(_, R )|, 

where F is the total compressive load in the plane of the wall per foot of 
length of bin. When the height of the bin is more than twice the diameter 
(or breadth), this equation may be written without serious error, 


ey 2) 
S olka alin 97 
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Bins with conical bottom. In Fig. 6 to determine unit stresses 7 parallel 
to an element of the conical bottom across any section such as « — 2, deter- 
mine first the total vertical load W’ acting at this section. In a shallow bin 
W’ = entire weight of right cylinder of material whose base is. the section 
x — x, plus the weight of the part of the bin below 2 — wx and the contained 
material. Ina deep bin W’ = zr?V plus the weight of bin and material below 
x —z. In either case 7 = W’csc s/2zr’. In the deep bin the weight of bin 
material and filling below « — x may be so small in relation to the total pres- 
sure that 7 = Vr’csc s/2 is a satisfactory approximation. Unit stress T’ in the 


in2 
ring x — x in a shallow bin is J’ = r’V ee ; in a deep bin 
3 sin‘ § (1 + a) 
sin s 
hi — ore, Kemchum.) 
A dD 


| 
| 


Jee 
Fic. 6.—Conical-botton Fig. 7.—Spherical- Fia. 8.-—Suspension 
bin. bottom bin. bunker. 


Bins with spherical bottom. Stresses in the bottom are calculated as. in 
conical-bottom bins. Referring to bin in Fig. 7, unit stress T tangent to the 
bin bottom at x and in a plane through the bin axis is T = W’/2zr’ sin2s 
and for a deep bin this may be approximated as 7 = 14Vr’. Tension in the 
ring cut by section « — zis 7’ = Vr’. (Ketchum.) 

Suspension bunkers. In Fig. 8 let S = sag in feet, 1 = 14 of span in feet, 
C = capacity in cu. ft. per ft. of length, P = maximum pressure, located at B, 
w = weight of filling in lb. per cu. ft., V = vertical component of force exerted 
by the bunker on supports at A and D, H = horizontal component of the same 
force, T = lb. maximum tension in plate per ft. of length of bin, L = length of 
curve AB. When the bin is level full, P = 1.25Sw; H = Cul/3S; V = 


5Slw/8; T = CwV Y% + 2/98? 
iL 
L = Gop Yo t Yo + 4 1 Ys F Ys + Yr + Ys) + 2(y2 + ys + ys + ys)], 
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where y = 4/6 + 9S?(2a1 —2°)*, Substitute for 2 values 0,- 1/10, 21/10, 
31/10, etc., to obtain values for yo, 1, Y2, Ys, etc., respectively. Table 4 
gives values of L for values of the ratio s/2 ranging from Tibleut Leneth of one- 
4 to 34. half curve of suspension 


Notes on design. With loads known, the design and spacing of Paeep he en 
members to carry them is done by the usual methods. Linine must Bek CD ars, Bie 
be provided wherever moving ore comes in contact with the bin Pees) 


structure. Wallsand slanting bottoms are lined with hard pineor 

hardwood planking set usually with the length parallel to the run s ie 

of the ore, or with steel plate or old rails. Hardest wear comes l 

just around the gates and special, easily removable wearing sur- 

faces should be provided at these points. Rails and old crusher- % 1.063781 
jaw plates are commonly used. TENSION RODS running through % 1.136861 
timber bins should be placed just above or just below a timber. 2% 1.229921 
Timbers directly under loading points may be protected by iron 34 1.283071 
straps bent over the top and spiked on with a space of 1 to 2 in. K% 1.366511 
between straps. Steel members may be protected by riveting to 1 1.457221 
their upper surfaces steel plates 1 to 3 ft. wide on which ore will 86 1.611311 
collect and form a-cushion. When ore is allowed to form the 4 1.719061 
bottom in flat-bottom bins, the discharge-chute liner plate should 36 1.858151 
be projected 2 to 3 ft. into the bin to make discharge easier. It is 


well to make the dimensions of a bin such that stock lengths of 

planking will not have to be cutonthe ground. A change of a few inches one way or another 
in dimensions will ordinarily accomplish this. Where possible lay end and partition PLANKING 
so that it forms a tie between front and rear posts of bent, in order to gain added stiffness. 


Atlg je boai0 — oo 
Side elevation Sectional elevation A-A 


Fig. 9.—Cribbed bin made of round poles (98 J 739). 


Examples of timber bins. In flat-bottom timber bins the bents are spaced 3-ft. to 6-ft. 
centers, depending upon the height of the bin and weight of filling; 2-in. and 3-in. plank are 
usual for front and back; 6-in. plank or 2 X 6 laid on edge are usual on the bottom. The 
flat-bottom bin lends itself to CRIBBED CONSTRUCTION, similar te that shown in See, 9, 
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Fic. 10.—150-ton slanting-bottom timber bin (99 J 195). 
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Fie. 11.—100-ton slanting-bottom timber bin (99 J 196). 


Fig. 6, which is much cheaper than the framed typ 


e on account of the fact that framing and 


expensive carpenter labor are eliminated, and that the smaller sizes of lumber are cheaper 


Fic. 12.—Bins and weighing hoppers, Old 
Dominion smelter. 


per MBM than big sticks. Fig. 9 rep- 
resents a 220-ten bin built ‘of 8-in. 
round timbers notched at the corners, 
with the crevices chinked with 3-in. 
and 4-in. round poles. This particular 
bin had no gates but was unloaded by 
moving the 3-in. bottom planks along 
with a pick. With a full bin ore piles 
up in thechute; a caris run under the 
platform at this point and planks are 
moved along toward the end of the 
platform until the edge of the pile is 
reached when, upon moving the next 
plank ore will fall into the car. With 
the bin only part full, a man enters 
the bin through the chute and pro- 
ceeds as before, first removing the 


plank nearest the pile of ore. Figs. 10 and 11 are typical slanting-bottom timber bins. The 


wide spacing of bents in Fig. 11 is made possible 


by the smali height of the bin; vertical 
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Fie, 13.—Double-hopper timber bin at Tennessee 


Copper Co. 
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Fre. 15.—Hopper-bottom coal-storage 
pocket, with bucket carrier. 


Fie. 14.—Hopper-bottom 
coal bin. 
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Fra. 16.—100-ton flat-bottom cylindrical 
steel bin (99 J 196). 
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timbers are carried through to the sfils. In Fig. 10 the greater depth requires closer spacing 
of bents and the greater over-all height requires the use of the intermediate sill (a), if special 
sticks of timber are to be avoided. Fig. 12 shows the double-hopper type of slanting-bottom 
bin with variation in size for heavy ore and light coke. The batter of the walls is to give 
stability when the empty bin acts as a trestle. Bin walls are 20 ft. high above the founda- 
tions; the width of the bins is 30 ft. at the bottom; ore bins are 26 ft. and coke bins 44 ft, 
wide at the top. Fig. 13 is the cross- 
section of a bin at TeNNussnE COPPER 
Co. This bin is 168 ft. long with bents 
spaced 6-ft. centers. Figs. 14 and 15 
show two types of coal bins. 

Examples of steel bins. Fig. 16 
shows a small circular steel bin with flat 
bottom and side discharge. Central bot- 
tom discharge is more usual. Flat- 
bottom circular steel bins in the Lake 
Superior copper-mine rock houses are 40 
ft. diameter by 45 to 50 ft. high, built of 
546- and %-in. plates. Fig. 17 is a small 
rectangular bin with flat bottom. At 
Timper Butte (116 J 549) steel bins 25 
ft. diameter and 32 ft. high are set on a 
V-shaped concrete bottom of two slabs 
sloping 40°. 

' Examples of concrete bins. Fig. 18 
shows a circular reinforced-concrete bin 
built by WiTHERBEE, SHERMAN AND Co. 
at Mineville, N. Y. for ecrude-ore storage. 
The free-running capacity is about 1000 
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Fira. 17.—50-ton flat-bottom rectangular Fic. 18.—Circular reinforced-concrete 
steel bin. bin, Witherbee,Sherman Co. (91/J 704). 


tons. The foundation block is of coarse stone bonded with a 1:10 mixture of cement 
and fine tailing; the wall mixture is 1: 4 cement and fine tailing. Reinforcement, placed 
4 in. from the outside of the walls, consists of horizontal hoops of worn 1 1-in. 
hoisting cable, spaced as shown, with vertical cables at 4-ft. centers wired to the 
hoops. The bin was filled to the discharge point with barren rock before ore was run in. 
Fig. 19 (71 EN 1234) shows another bin of the same type but with central bottom discharge. 
Vertical reinforcement consisted of 1%4-in. round rods spaced 18 in.; horizontal, of worn 
%4-in. cable spaced 4 14-in. for the bottom 5 ft., 6 in. for the next 10 ft. and 9 in. to the top. 
Cables were lapped 3 ft. at the joints, raveled and clipped; vertical rods were lapped 2 ft. 
at the joints. The concrete mixture was 1:3: 6 for foundation and 1:2: 4 for walls; 
the maximum size of stone used was 2% in. Fig. 20 (96 J 305) shows a rectangular hopper- 
bottom bin reinforced with ‘‘corrugated bar’ and complicated interlocking hooks. The 
mixture was 1 cement, 2 sand and 4 mill tailing about 14-in. size. Shallow cylindrical bins 


Art. 3. DESIGN OF BINS 1049 


for fine materials may be cheaply made by setting up a frame of expanded metal lath, 
properly reinforced, and plastering inside and out with sand-cement plaster. Such bins 
cannot, however, be made to bear any heavy superstructure. 

Examples of suspension bunkers. Fig. 21 (118 J 566) shows two recent typical steel suspen- 
sion bunkers for ore. The Inspiration bin is 330 ft. long with a nominal capacityof 40 tons 
per running foot. Columns are spaced 16 ft. 8 in. longitudinally and draw gates are spaced 
at the halfway points between columns. The New Corner bin is 330 ft. long; nominal 
capacity is 33 tons per running foot, columns are spaced 20 ft. longitudinally and gates on 
10-ft. centers. The dotted lines in the drawings show the positions assumed by the loaded 
bins. At New Corneria the distortion strained the hopper fastenings badly. Fig. 22 
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Fya. 19.—Conerete bins at Croton Iron mine. 


(97% J 908) is a modification of the ordinary suspension bunker, in which a rigid bottom is 
carried on a series or transverse triangular frames hung by suspension rods from the main 
supports; the walls are supported against these rods. The cut shows wood, reinforced- 
concrete and steel sides. 


Steel vs. wooden bins. An instructive comparison of construction costs 
of small steel and wocden bins is given by Barbour (99 J 195). Bins are shown 
in Figs. 10, 11, 16 and 23. Comparative cost data are given in Table 5. 
Labor in timber framing and erecting was found to be equal to the cost of the 
timber itself ($30 per MBM) in other classes of work, and was thus estimated. 
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Fie. 20.—Reinforced-concrete tailing bin, St. Joseph Lead Co. 


Inspiration New Cornelia. 
Fic. 21.—Steel suspension bunkers. 
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Removable 


Reinforced concrete 


om Rigid bottom 
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Fic, 22,—Baker types of suspended bins, 
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Fie, 23,—350-ton slanting bottom timber bin (99 J 195). 


The bin shown in Fig. 11 is the cheapest form of wooden bin, due to the wide 
spacing of bents, but this method could not be applied to the larger bins with- 
out using excessively large and expensive posts. 


Table 5. 


Comparative costs of small steel and timber bins 


Figure number 
Nominal capacity, tons 
Capacity of bin, cu. ft 


Feet lumber 
Cost, dollars 


Cost per cubic feet, dollars 


‘Cost per ton 


AMC) timber. ios tine le ots uss = 


capacity, dollars 


a Pounds of steel. 


Cylindrical Slanting-bottom timber bins 
steel bin 
16 11, 10 23 
100 100 150 350 
2262 2389 3594 7565 
10,000a 13,000 23,000 47,000 
549.876 794¢ 1380 2850 
0.243 0.332 0.384 0.377 
5.50 7.94 9.20 8.14 
b Actual. c Estimated. 
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4. Discharge from bins 


Bins are discharged through openings placed in the bottom or the side walls. 
The size of opening is made adjustable by means of gates. Rate of discharge 
may be regulated by a feeder. The minimum size of discharge opening should 
be not less than three times the maximum dimension of particles passing 
through, if the material is sized; nor less than twice the maximum dimension 
when material is a mixture of coarse and fine. These minimum dimensions 
will usually be greatly exceeded in fine-ore bins, but with run-of-mine rock it is 
difficult to control the flow of material through such large openings and there 1s 
a tendency to cut down the dimensions, with resulting clogging and lost time. 

Gates. The type used depends on the size of material, destination, and 
regularity of discharge. When material contains large lumps, a gate that 
readily cuts completely across the stream is wanted; if the destination of the 
discharged material is a car, a quick, wide-opening gate is desirable; if dis- 
charge is highly intermittent, a gate that opens and closes readily and quickly 
is necessary, while for regular discharge a slow-opening gate may be used and 
it is not so important that it be easily moved. Usual types are: (a) Sliding 
gates that move in grooves set into bin walls or bottom. These gates are hard 
to open when the pressure of the filling against them is great and under such 
conditions must be geared down so much that they are slow. (b) Cut-off gates, 
that present a portion of a cylindrical surface to the stream of ore, usually in a 
chute. Either the convex or the concave surface may be presented.  (c) 
Finger gates, for coarse ores. (d) Lifting chute or apron gates. 

Slide gates. The Levpr stipe Gate, Fig. 24, is the simplest of this type. 
Ordinary sizps are 12 X 15 and 12 X 18 in. It is not suitable for heavy pres- 


= 


Fie. 24,—Lever slide gate. Fic. 25.—Standard bottom-draught bin gate. 2 


sures and is difficult to close tightly when the ore contains both coarse lumps 
and fine material, as a lump caught under one side will stop the gate and hold 
it open, allowing fine material to run until larger pieces bridge the opening. 
For heavier service, up to 36 X 36-in. size, the slides are made with rollers 
against which the gate works. Fig. 25 shows a similar gate for bottom draught. 
Usual sizes are 12 X 12 and 12 X 18-in. A bottom-draw valve for fine con- 
centrate may be made of ordinary 6-in. pipe and fittings and strap iron (90 J 
704).) Fig. 26 shows two forms of upward-closing slide gates. These have 
the advantage over the downward-closing gate that they will not jam against 
lumps in closing. They have the disadvantage, however, that fine material 
causes wedging in the slot through which they work and that wear on this slot 
is excessive. RACK-AND-PINION GATE, Fig. 27, is perhaps the most widely used 
of all types. While slow and sometimes difficult to move, it is easy to regulate 
closely and a pawl.on the pinion will hold it in any position desired. The 
+ 


| 
| | i 
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usual size range is 18 X 18 to 30 X 36 in.; corresponding weights are 250 to 
450 lb. A double-rack is used for very heavy service; some have roller slides 
and chain-controlled hand wheel. Fig. 28 illustrates the use of air for operat- 
ing sliding gates; these gates are quick-opening even under heavy pressures. 


Fic. 26.—Upward-closing slide gates. 


At WITHERBEE, SHERMAN AND Co. the gate for a lump-ore (6-in. to 2-ft.) bin 
was 4 ft. 8 in. square, made of 2-in. plank faced both sides with 14-in. plate, 
weighed 1300 lb., operated under 60-lb. pressure and was capable of crushing 
large lumps that wedged under it. It was run on rollers (89 J 809). 


_ gate, 


i LT 
x Sim LU ID: 


Fic. 29.—Standard bottom- Fre. 28.—Air-oper- Fic. 30.—Duplex bottom- 
draught are cut-off gate. ated shde gate. draught are cut-off gates. 


Arc cut-off gates are used both for bottom draught and side draught. 
Fig. 29 shows a standard bottom-draught type made in 10 X 10, 15 x 15 
and 20 X 20-in. sizes. This gate is not hard to open, and is easy to close, but 
may catch against a large lump and therefore not cut off quickly. This same 
gate is made for side draught. Fig. 30 shows three types of duplex bottom- 
draught are gates. These are made in sizes from 12 X 12 to 26 X 26 in. 
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The gear type is the least rugged of the three. Fig. 31 shows details of a par- 
ticularly rugged type of are gate for side draught, used at CANANEA Cons. 
Coprsr Co. (92 J 933). These gates should be so set as not to back into the 
ore in opening yet to run with the stream to some extent in closing. With 
such an arrangement they are readily and quickly opened and closed and are 
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Fie. 31. 


Side-draught are gate, Cananea Cons. Copper Co. 


the best kind for intermittent service such as loading cars from a bin front. 
Fig. 32 shows one of these gates arranged at the lower end of the bin chute, 
instead of at the bin wall. There is less pressure against the gate in this 
position, and hence it will be more readily opened. When open, one side of the 
sector forms part of the chute bottom. This type of gate cannot jam in closing, 


Fic. 32.—Convex are Fia. 33.—Geared undercut Fie. 34.—Flap- 
gate in chute (92 J concave cut-off valve, side- valve bin gate. 
740), draught type. 


but is likely to cause material to jump out of the chute when it begins to close. 
The gate may be air-operated. Fig. 33 (94 J 64) is a geared concave form for 
coarse ore, designed to open downward. It does not jam in closing but will 
cause fast running lumps to jump as it begins to close. By failing to open 
full, a layer of ore is kept in the bottom of the chute, thus protecting it from 
wear. 


i \ 
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| Flap-valve gates. 


| Quincy Minine Co. (98 J 827). 
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Fie. 35.—Air-operated finger gate. 


opening, and dynamite. 


in the bin walls that give access to the material immediately around the gates. 


DISCHARGE FROM BINS 


Finger gates are particularly useful in discharging coarse ore. 
(97 J 856) shows an air-operated form with all fingers operated together. 


1055 


: Fig. 34 shows the simplest form; it opens and closes — 
readily and quickly, but is subject to wear by discharging material, particu- 
larly at the crack in the chute bottom. An air-operated form is used at 


Fig. 35 


Fingers are sometimes arranged for in- 
dependent operation; this allows closer 
regulation of coarse material than is 
possible with any other type of gate. 


Jamming at bin discharge occurs either 
by reason of bridging of large lumps or by 
compacting of moist material under the pres- 
sure of the overlying filling. The usual cures 
are barring through the open gate, sledging 
the outside face of the bin around the gate 


louvred 


openings , 
should be Operating 
provided platform 


here 


Fig. 36.—Louvres in hopper-bottom bin. 


Much trouble of this character can be saved by means of openings 


Fig. 36 


(122 P 698) shows the method applied to a hopper bottom; it may be similarly applied to a 


vertical wall. 


In either case the angle 6 should be less than the angle of repose of the filling. 


At some Lake Superior rock houses bins for coarse ore have two gates in the same chute, 

the lower one so placed that it will stop flow through the upper; this permits opening the 

other wide in case it clogs; the arrangement also allows stopping the stream for picking. 
Moist material, especially when fine, may have an angle of repose of 90° or more and a 


sliding angle against wood or stee] almost as great. 


The most difficulty is met in storage 


bins following intermediate crushing and those for mixed granular and flotation concentrate. 


Compressed air is most effective for starting such material. 


In bins a series of perforated 


compressed-air pipes set vertically and extending nearly to the bottom will, when blown, 


break up most hang-ups. 


Elsing (89 J 203) describes the use of a pointed 9-ft. length of 


114-in. pipe supplied with air at 80 to 90 Ib. per sq. in. pressure for unloading fine gravity 


concentrate from cars. 


Prior to its use it required 60 to 90 min. to bar material out of a 


6-car train; with it, 15 to 20 min. was sufficient. 


SECTION 20 
TRANSPORT OF MATERIALS 
BY 


Henry A. Beure, Assistant Proressor or MINING, SHEFFIELD SCIENTIFIC 
Schoot, YALE UNIVERSITY 
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Handling comprises transport over considerable distances, both vertical 
and horizontal;. and movement through relatively short distances into and 
out of storage containers. The specific problems ordinarily encountered are: 
(a) handling run-of-mine ore from mine delivery point to the primary breaker; 
(b) handling coarsely-broken dry rock between primary and secondary crushers 
and into and away from the mill storage bins; (c) handling relatively coarse 
wet products, such as jig feed, jig products and the like in the mill; (d) han- 
dling wet sand and slime pulps; (e) handling the same material dry; (f) han- 
dling froth-flotation concentrates. The apparatus described in this section 
includes conveyors and elevators, chutes and launders, bins, tanks, feeders, 
pumps and air lifts. Transport by wagon, truck, railroad, rope haulage, ete., 
is treated of in Sec. 23. 

Conveyors are used to transport material when the point of delivery is at 
the same level as or not too much above or below the point of departure (rarely, 
however, when the delivery point is below the starting point); and when the 
horizontal distance of transport is relatively short. There is no arbitrary 
limit of distance beyond which a conveyor system of transport cannot be used, 
but batch transport, as by railroad, is usually more economical when the dis- 
tance exceeds a rather small number of hundred feet. 

Types of conveyors. Brir coNVEYORS are most commonly employed 
within the conveyor range. They consist of a continuous belt, fabricated 
of various materials, passing around head and tail pulleys, and supported 
at intervals along both upper and return runs by various kinds of idlers. 
PAN CONVEYORS are similar to belt conveyors in method of drive and support, 
but differ in that the carrying surface consists of a series of articulated plates or 
shallow pans supported on rollers and tied together by pins. BuckrtT con- 
veyors differ from pan conveyors in that buckets of rectangular horizontal 
cross-section are substituted for the shallow pans or plates of the latter. The 
buckets may be continuous, 7.e., overlapping, or spaced so that definite inter- 


1056 


\ 


| Art. 1. BELT CONVEYOR 1057 


vals occur between successive buckets. FLIGHT CONVEYORS are essentially a 
trough through which a series of scrapers attached to a chain or rope is drawn. 
ScREW CONVEYORS push material along the bottom of a semi-cylindrical 
trough by means of a spiral screw revolving therein. 


1. Belt conveyor 


_ The carrying element is a continuous belt passing around a head pulley 
and a tail pulley, supported on its carrying run by troughing idlers (Fig. 1) 
| properly spaced, and on the return run by return idlers (Fig. 1). The simple 

horizontal conveyor is loaded near the tail pulley through a chute and delivers 
| over the head pulley. It is 


normally driven through the 

-head pulley. This type of Sore 

/conveyor may be run on an 

incline up to somewhat more Troughing — idlers 

than 20° from the horizontal, “pq paps po=_H HH Ee 
the allowable slope dependin : 

upon the kind of material Being Renee oes 

transported, the speed of the 
belt and the character of the belt surface, but for ordinary service it is well 
to limit the inclination to 18°. Fig. 2 represents various types of belt- 
conveyor installations. In the fourth arrangement the radius of the curve 
should be at least 125 ft., if the belt is to remain on the troughing idlers 
when running empty. If this cannot be allowed, the third arrangement is 
frequently employed, but it is better to use two conveyors and do away 
with the necessity for running the belt around a snub pulley, as this grinds 
grit into the carrying face. 


Conveyor belting is usually so-called RUBBER BELT made of several layers or PLIES of 
heavy cotton duck bound together with rubber ‘‘friction’’ and covered completely with a 
layer of best-grade vulcanized rubber. The strength of the belt depends upon the weight 
and strength of the duck and the number of plies; also upon the way in which the joints 
in the plies are spaced. Belt duck is made with the lengthwise or warp threads heavier, 
stronger and closer together than the transverse or FILLER threads. The strength of the 
duck depends upon the weight, which in turn depends on the number of yarns per thread 
and the degree of twist. Weights are stated as the number of ounces per piece 36-in. long 
in the direction of the warp threads and 42 in. wide. The ordinary weights are 28-o0z. to 
42-0z. The number of plies ranges from 3 for short, narrow belts to 9 or more for long, wide 
belts. The ultimate tensile strength of duck depends on the width of the test specimen, the 
method of holding in the test machine, the percentage of moisture and the rate of pulling. 
Under fair test conditions with not more than 6 per cent. moisture, the breaking strength of 
28-o0z. duck should be not less than 300 lb. per in. of width; of 30- or 32-0z., 325 lb.; 36-oz., 
360 lb. 

The life of belt under a given carrying service depends upon the character of the bond 
between plies, 7.e., ‘‘ FRICTION,’ and the thickness and quality of the rubber cover. The 
friction should be of such strength that plies will not separate under the tension of the power 
pull or in passing around the pulleys. The ordinary specification, best directed toward 
ensuring this service, is to cut a 1-in. strip lengthwise of the belt, separate the plies at one 
end and suspend the strip by means of one of the outer plies, attaching to the lower end a 
10-lb. weight to keep the strip vertical; then peel away the other plies, one at a time, by 
attaching thereto, by means of a coiled spring, a weight of from 13 to 18 Ib. or more, specify- 
ing that the rate of separation of the plies shall not exceed 2 in. per min. The character of 
the rubber cover depends upon service demanded. The quality should be of best-grade 
pure vulcanized rubber in order to resist abrasion and keep out moisture. The minimum 
sconomical thickness is about 2 in., and this is too thin for any but the lightest service. 
Jn heavy service the pulley side of the belt has a cover (6 in. thick and the carrying side up 
0 144 in. The resistance of rubber covers to impact and abrasion depends on the tensile 
trength and stretching quality of the rubber compound. The ultimate tensile strengths 
is determined by the U, 8. Bureau of Standards range from about 300 to upwards of 2500 lb. 
Results vary according to method of taking the test pieces and the manner of 


Fig. 1.—Belt-conveyor idlers. 


er sq. in. 
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testing, and hence should be definitely set forth in the specifications. The stretching qual- 
ity should be such that, for instance, a piece 1 in, wide between marks 2 in. apart will stretch 
to, say, 6 or 12 in. before breaking and, if immediately released, will return so that after a 
few minutes’ rest it will show not more than, say, 10 per cent. elongation between the marks. 
A so-called FLOATING PLy, or single layer of heavy duck, is sometimes imbedded in thick 
covers to prevent pieces of the cover from being gouged out. If belts in service wear out 
first in the middle of the carrying side, the cover may be stepped by rolling on an extra strip 
of cover rubber down the center, or the ordinary cover may be made thicker at the middle of 
the belt. The friction between cover and belt should be the same as between plies or greater. 
The edges of conveyor belts may be subjected to hard wear by rubbing against guide rollers, 


é 


<—Traveling 


Fie. 2.—Arrangements of belt conveyors and trippers. 


or the inside of discharge boxes, trippers and the like. They should, therefore, be protected 
with extra thicknesses of rubber, firmly bonded to the rest of the belt to prevent tearing 
away. 

Age, light and heat are all destructive to rubber belts. Age causes hair-line cracking of 
the cover and this deterioration goes forward most rapidly in sunlight. Aging lessens both 
the tensile strength and stretch of rubber compounds, deterioration in both directions bein 
most rapid in the first year and amounting to as much as 50 per cent. of the tensile stren 4h 
and 63 per cent. of the stretch (ultimate elongation) in the ease of samples tested by the U.S 
Bureau of Standards. As a result of the consequent breakdown of the cover in service dirt 
and moisture get into the belt fabric, the friction is destroyed, plies pull apart, and +e belt 
is ruined. Heat causes deterioration of the rubber cover similar to that Gaudet by age and 
also causes breakdown of the friction rubber with consequent loosening of plies and cover, 


hf 
ib 
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Special belts with under-vulcanized rubber for friction and cover are made for handling hot 
_ materials, but even such belts deteriorate rapidly. 

Life of belt (Q) varied from 110 days for 20-in. belt at 190 ft. per min., carrying 
25 tons per hr. to 6 yrs. for 24-in. belt at 380 ft. per min. carrying 200 tons per br. 
A 20-in. 6-ply belt at 200 ft. per min, transporting material 4-in. max. size, carried 857,225 
long tons of a magnetic iron ore at the WITHERBEE-SHERMAN Co. and a 20-in, 6-ply belt at 
220 ft. per min, carried 764,224 long tons of — 34-in. ore. At Curno a 34-in. 6-ply stitched 
canvas belt at 325 ft. per min. lasted 550 days and carried 400 tons per hr. of — 9-in. material. 

Baiata belt is multiple-ply canvas belt without covering. The duck is impregnated with 
some waterproofing compound and balata gum is used for the friction material. This belt is 
said to be somewhat stronger than rubber belt for the same number of plies because the 
strength of the duck has not been impaired by the heat of vulcanizing. It cannot be 
used in hot locations because the gum softens at 120° F. It has been used extensively in 
South Africa but not much in the United States. Robertson and Johnston (102 J 10) report 
lives ranging in days from 414 to 672 and in tons handled from 400,000 to 800,000 for balata 
belts carrying crusher product (—3 in.) in Ranp gold mills, as compared with 345 to 1700 
days and 200,000 to 850,000 tons for rubber belt in similar or harder service. 


Idiers are used on both carrying and return runs. Carrying idlers are 
usually TROUGHED, 7.e., set so as to bend the belt up at the sides, and thus 
increase carrying capacity. Return idlers are invariably straight-faced. The 
carrying capacity of a belt loaded so that the upper surface of the load comes 
within a given distance of the edge increases with steepness of troughing up to 
45°. The disturbance of the load in passing over the troughing idlers increases, 
likewise, with increase of side slope, and there is a corresponding increase in 
belt wear and power consumption. As a result, standard troughing rarely 
exceeds 30° maximum side slope. At this angle it is easier to keep the belt 
straight and there is less failure of belts by longitudinal cracking than is the 
case with steeper slopes. 


Troughing idlers (Fig. 1) are commonly made with 3 or 5 rollers. In the 3-roll type, 
used with narrow belts, the usual slopes of the inclined rollers are 2214° and 30°; in the 
5-roll type, commonly used for wide belts, the inner rollers are sloped 15° and the outer, 30°. 
The cheap grades of rollers are made of cast iron with babbitted hubs running on cast-iron 
shafts bored for grease-cup lubrication. Ball-bearing and roller-bearing idlers of pressed 
steel or cast iron show savings in power losses due to idler friction alone of as high as 60 
per cent. The important economies effected in the use of such idlers lie, however, in the 
saving in labor for lubrication and in reduced wear on belts. 

Troughing idlers are spaced according to width and stiffness of the belt and the load 
carried. With light loading and ordinary belt a spacing of 5 ft, is allowable but this should 
be the limit of spacing under any conditions; with heavy loading and wide belts, spacing 
should be reduced to 3 ft. or 3 ft. 6 in. 

Return idlers are made of the same materials as troughing idlers, but ordinarily with one 
pulley only. They are 1 to 2 inches wider than the belt and 
are commonly spaced 10 ft. apart. 

Side or guide idlers are set to bear at right angles to the 
edges of the belt at-places where the latter tends to run off the 
troughing idlers. They are hard on the edges, both wearing 
the belt and tending to fold it back, causing a crack 1 or 2 in. in. 
They should not, therefore, be used, unless it is unavoidable. 
Belts can sometimes be straightened and side idlers avoided 
by canting troughing idlers slightly toward head pulley, thus 
giving the horizontal idler pulley more bearing and more effect 
on the belt, or they may be skewed. An automatic straight- 
ening idler (Fig. 3) has been successfully used at several of 
the large copper mills. It consists of an ordinary troughing 
idler (2) mounted ona pivoted plate (b) with guide idlers (¢) 
carried on projecting arms. If the belt rides, e.g., to the left, 
the troughing idler is swung forward on the right, which causes : 
the belt to travel back toward that side. Fia. 3.—Automatic 

Pulleys should be crown-faced, one or two inches wider guide idler. 
than the belt, mounted on sufficiently heavy shafts to insure 
against bending, and the driving pulley (usually the head pulley) should be securely 
keyed and clamped to the drive shaft. The diameter in inches should be at least five 
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times the number of plies and 8 to 10 times is better. Robertson and Johnston (102 J 15) 
tell of an 8-ply belt on a 20-in. pulley that separated along the plies in four months. 
The pulley at the other end of the conveyor from the 
driving pulley is fitted with a TAKE-UP MECHANISM 
(Fig. 4) to compensate for small changes in belt length 
and hold belt tension constant. The usual allowance 
is 12 to 18 in. for belts under 100-ft. centers; 18 to 24 
in. from 100 to 200 ft. and 30 to 36 in. for longer belts. 
Fic, 4.—Take-up for conveyor Capacity depends upon width of belt, degree of 

tail pulley. troughing, speed, slope, size and specific gravity of 

the material carried and its angle of repose. 

Width of belt is determined primarily by the size of material to be carried, after that by 
the capacity desired. The minimum width is preferably fixed at 14 in. as a belt narrower 
than this will not conform to the troughing idlers when empty unless of very light-weight. 
The loading chute should not exceed two-thirds the projected width of the troughed belt, if 
material is to be prevented from falling off, and the chute should be more than three times the 
size of the particles, if they are of uniform size and more than twice as large as the largest 
where mixed sizes are handled. Troughing allows the load to be carried up nearer the edge 
of the belt than is safe on a flat belt. 


Capacity formula. Manufacturers give formulas for capacity in terms of 
belt width in the form V = KW2?, in which V = cu. ft. per hr. at 100 ft. per 
min. belt speed, W = width of belt in in. and K is a constant ranging, accord- 
ing to the conservatism of the manufacturer from 2.8 (for narrow belts only) 
to 3.5. The smaller figure contemplates about 9 per cent. of the belt width 
unloaded at each edge; the larger, 4 per cent. 

Speed depends upon the size of particles carried, character of material, 
width of belt and slope. The limiting speed in every case is that at which 
material is blown off the belt by air resistance. With small material that flows 
easily and steadily in a loading spout so that the belt is evenly loaded, belts 
may be run fast, but with coarse material the feed is necessarily irregular and 
bare spots will be left on a belt run too fast. With large lumps there is danger 
of throwing material off the belt in vassing idlers when the belt is run too fast. 
If material is friable and breakage undesirable, as, for instance with coke and 
coal conveyors, belts must be run slowly if excessive breakage at the dis- 
charging end is to be avoided. Ordinary idlers are not carefully turned and 
balanced as is necessary for high speeds and will rattle and vibrate at speeds 
much over 400 ft. per min. This limitation does not apply with well-made 
ball- or rolier-bearing idlers. Minimum speed is limited to the necessity for 
throwing material clear of the head pulley, if head room is an important con- 
sideration. The minimum speed to effect clean discharge is about 150 ft. per 
min. Lower speed is necessary on inclined runs than on horizontal due to the 
greater difficulty i in bringing the loading material up to speed. Table 1 from 
Hetzel gives maximum safe speeds, under the considerations listed. 


Table 1, Maximum advisable speeds for belt conveyors 


Horizontal 
Belt width, in............ | 12 | 14 |, 16.|.18 | 20 | 24.| 30 | 36.| 42] 48 
Belt speed, feet per minute, 300 | 800 | 300 350 | 350 | 400 | 450 | 500 | 550 600 


Inclined . 


Angle of tise, degreeshs | o nce hea 
Percentage of normal horizontal speed 


Stal! egg Wh -agealemetiakinge tieleeg 

78 | 73 | 67 61 
* Apart from the physical limitations stated, a good rule is to run the belt at as low a speed 
as it can be run to carry the load. In this way the percentage of the total load that comes 
into contact with the belt surface is least, the number of times that any given point on the 
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belt is subject to the abrasive action of the oncoming stream is a minimum and power coh 
sumption, and internal belt strain are least. 

Slope. The maximum allowable slope varies with the size and shape of 
material, method of loading, speed of belt and moisture content. Coarse, 
rounded material requires a flatter slope than fine material or flat slabs; 
mixed sizes can be raised on a steeper slope than sized material and uniform 


- feed permits steeper slope than intermittent feed. At normal speeds a slope 


of 18° is safe for —3 or —4-in. material; —14-in. dry material can be run at 
22° and at 25 or 26° if the conveyor is speeded to 350 or 400 ft. per min.; 
sand tailing with considerable moisture (15 to 20°) may run backward at 15°, 
but Delano (102 J 27) says that —2-mm. tailing containing 28 to 30 per cent. 
water was readily carried at a slope of 13° 10’ at the Bonne Terre mill (St. 
Jos. Lead Co.) 

Power consumption depends upon the load carried, the inclination and speed 
of the belt, the spacing and kind of idlers and size of pulleys. The general 
formula is Hp. = PS/33,000, where P = pull on belt in pounds and S = speed 
in ft. per min. P is made up, in horizontal conveyors, of idler friction due to 
the empty belt plus that due to the load and may be written as 
P = Lfd(X + Y + Z)/D where L = length in ft. center to center of tail and 
head pulleys; d and D are the diameters, respectively, of the idler bearings 
and the idler pulleys; f = coefficient of idler-bearing friction; X = weight of 
revolving part of idlers per ft. of length including troughing and return, 
Y = weight of 2 ft. of empty belt (carrying plus return) and Z = weight of 
material on i ft. of belt. By experiment, f = 0.35 for ordinary grease-lubri- 
cated idlers. Z = 20007/60S = 33.3T/S, where T = tons per hour. Clear- 

LSd (x y ot) 2 a 
100,000D \ +Y+ s (approximately). 
For an inclined conveyor the weight of the down-going belt balances that of 
the rising belt, so that the added power consumption is only that due to the 
load of material. This may be written Hp. = 2000TH/60(33,000) = TH/990, 
where H = lift in ft. In short conveyors the additional friction losses at the 
end pulleys require allowance. Jeffrey Manufacturing Co. recommends 
adding 20 per cent. to the above figures for conveyors less than 50 ft. in length, 
10 per cent. for conveyors 50 to 100 ft. in length and 5 per cent. for those 100 
We 2 
432 + 3 
In the drive add 5 per cent. for each speed reduction, except that with rough- 
cast gears this addition should be 10 per cent. An approximate rule, fre- 
quently used for horsepower of the conveyor alone is: Hp. = 2 per cent. of the 
tons per hr. for every 100 ft. of length plus 1 per cent. of the tons per hr. for 
each 10 ft. vertical lift, or Hp. = (0.02L/100 + 0.01H/10)T. 

Laboratory tests indicate that the coefficient of friction for oil-lubricated 
idlers is about 60 per cent., and for roller-bearing idlers 25 per cent. cf that for 
grease-lubricated idlers. This does not mean, however, that 0.21 and 0.09 
respectively can be substituted for 0.85 (=f above), on account of the fact, 
the 0.35 takes into account many things beside actual idler friction. Hetzel 


ing and substituting, Hp. = 


to 150 ft. long. For belt trippers add according to the formula Hp. = 


_ gives the following empirical formula for long conveyors with ball-bearing 


idlers: Hp. = (0.0087L/100 + 0.01H/10)T. 

Belt tension may be derived from horsepower as follows: If 7; = tension 
in the tight side of a belt as it goes onto a driving pulley and 7’; the tension 
in the slack belt leaving the pulley, the driving pull = T, — Ts. If f = coeffi- 
cient of friction between belt and pulley and a the angle of contact between belt 
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and pulley in degrees, 7',/7's = 10°°°58/, Experimental values of f are 
0.25 for bare cast-iron pulleys and 0.35 for rubber-lagged pulleys. Table 2 


Table 2. Ratio of 71/Ts. (After Hetzel) 


gives values of ratio T/T’; for a wide 
range of conditions. 


; | 
TUTE For asimple horizontal drive (a = 180°) 
Angle of on a bare iron pulley, 71/7's = 2.2. Effec- 
belt wrap tive pull = Te = Tz Ts Tt 0.45 Tr 
degrees ’ Bare iron Lagged i.e., the total pull = 1.8 times the effective 
ulleys pulleys pull. By using a rubber-lagged pulley, 
Od ss G2 lng balers T;,/Ts = 3.0 and the total pull is reduced 
135 1.8 2.3 to 1.5 times the effective tension. By in- 
150 1.9 25 creasing the wrap on the driving pulley, by 
165 21 27 the use of a snub pulley, to say, 220°, the 
180 22 Ses: total pull is further reduced to 1.35 times 
200 24 3.4 the effective tension. 

220 2.6 25% ; fre 
240 2.8 4.3 There is an additional tension on 
270 3.2 oe the belt due to its weight, when the 
a eal 75 belt is inclined at anything more 
360 4.8 9.0 than a very small angle. In Fig. 5, 
420 6.2 13.0 if B = weight of each run of the 

18 hn 

bt che ed belt and z is the angle of inclina- 
700 21.2 72.0 tion from the horizontal, the tension 
in the belt at the head pulley due 


to each run of the belt = B sin 17. 


The load on the idlers is B cos 7 and their resistance to turning under this load, 
e., their resistance to a downhill run is (fdB cos 


t)/D. The added tension on each run is, therefore, 


d 
Tee (sin — 45008 1) 
Calculation of belt weight. 


effective pull 7. = 33,000Hp./S and from this and 
Assign a safe value t 
for the working tension per inch, according to the 


the ratio T,/T., calculate 7;. 


Determine Hp., then 


weight and quality of duck used in making the belt. Fie. 5, 
Figures used for ¢t vary from 20 to 30 Ib. for 28-oz. to 
36-0z. duck according to the conservatism of the designer and the duty to 


The crossed pulleys are the driv- 
ing pulleys and should be geared 
together. The third form should 
be used for the heaviest service. 
Driving pulleys should be lagged 
with rubber belting. 


Fie. 6.—Drive arrangements for 
heavily-loaded conveyors. 


which the belt is to be subjected. For long 
life, if the belt is well covered, use a low value 
for t; if the expected life is ‘short, either by 
reason of hard service, light cover, or other 
reason, use the higher figures. The number 
of plies =n = T,/tW. 

Drive is ordinarily and best through the 
head pulley. Tail-pulley drive causes the 
loaded belt to run crooked. When the load 
is so heavy that insufficient wrap is obtained 
by simple head-pulley drive, some form of 
snubbing arrangement is necessary. (See 
Fig. 6.) 

Feed to conveyors should be so de- 
livered that at the point at which it 
reaches the belt it will be moving in the 
same direction as the belt and as nearly as 
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possible at the same velocity. This is accomplished by use of an in- 
clined bottom in the feed chute at such an angle that the horizontal com- 
ponent of velocity of the feed passing from the chute will be about the same as 
the speed of belt travel. As the force due to the vertical component of motion 
of the feed must be withstood by the belt, the slope of the chute is generally 
a compromise to avoid this strain, or special arrangements are provided to 


. relieve the belt of vertical shocks. Large pieces falling directly on the belt 


are liable to cut it. At a Rand crushing station one belt a few days old fed 
with lump material over a 40° grizzly had three holes 8 to 4 in. long (122 P 313). 

Special feed chutes are sometimes used, which have a screen or grate in the bottom so 
that finer material falls on belt first and acts as a cushion for larger pieces which will not pass 
the grate. Clogging of the grate makes this device ineffective and it will not be satisfactory 
for all materials. A V-notch in the feed-chute bottom acts similarly and does not clog. The 
end of the chute may be made in a long curve ending at a tangent parallel to the belt and 
thus present the feed with little vertical force. This requires giving the feed sufficient velocity 
to pass along the curved part; considerable wear will take place on the chute. Specially- 
shaped chutes designed to keep the finer material near the bottom are also used. 


The feed should be so delivered that it makes first contact with the belt 
just beyond an idler pulley; the belt then yields sufficiently to take up impact 
gradually and avoid cutting. To bring the material up to speed, especially 
if the belt is traveling fast, results in considerable slipping and tumbling with 
corresponding wear; this is more pronounced with inclined belts. 

Skirt boards should always be provided to keep material from running off the belt 
before it has become settled on it. They are made of wood or steel and have a strip of 
belting nailed or bolted onto their lower edges, to close the space between the boards and 
the belt. On level conveyors skirt boards need be only 3 or 4 ft. long but on rapid or inclined 


conveyors they should be longer; on steep inclined conveyors carrying coarse material they 
are sometimes provided the entire length to prevent spill of any pieces that slide or roll back. 


Discharge of conveyors may be by fall at the head pulley or by some device 
which removes the load before the head pulley is reached. The most satis- 
factory device of this sort is a trip- 
per (Fig. 7). The tripper is usually 
mounted on wheels running on 
tracks so that the load can be 
delivered at several points, as over 
a long bin or into several bins; the 
discharge chute delivers to one or ee 
both sides of the belt. Trippers may Fic. 7.—Tripper for belt conveyor. 
be moved by hand or mechanically 
or may be automatic, traveling backward and forward and thus spreading the 
load uniformly. Ploughs or scrapers to remove the load cause extra wear 
on the belt and when scraping to one side only cause the belt to run out 
of line. 


Cleaning the belt of material that sticks is done by scrapers or revolving brushes placed 
under the head pulley; water sprays are used in some instances. 


Support for a conveyor usually consists of wood or steel bents with longi- 
tudinal stringers across the caps on which the idlers are mounted; short con- 
veyors are readily supported on the stringers alone. A walkway of light 
flooring (%-in. boards) is generally placed across the stringers between the 
upper and lower run of the belt to prevent material from falling onto the return 
side and possibly cutting the belt as it passes around the tail pulley. 


Performance of a very large installation at H. C. Frick Coxn Co. Colonial mine, East 
Roscoe, Pa, (71 A 1128) isshownin Table 3, All of the conveyors were 48-in, except No. 20, 
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‘Table 3. Conveyor installation at H. C. Frick Coke Co. 
Conveyor data 
1 2 3 4 5 6 7 8 9 10 jisil 
er oe ur Ten- & 
mated | mated | mate sion un- 

Belt Net weight| weight |weight| load igs Eoue: ning | Total |Horse- 
num-); th A of of coal of jearried| P of io horse- | run- | power 
ber yes: oer run- jat1220| run- by |emptyl-raise |ROwer| ming of | 

ce ee ning tons ning | pulley |~ i Nike with- | horse- |electric 
ZO8 parts per parts | bear- ae Braloacd out power | motor 
empty,} hour, |loaded,} ings, y lift 
tons tons tons tons 
qd 786 43.42) 37 31 68 17 igh + 60 51 B il 150 
2 A417 8.30} 20 « i 37 9 17 +12 28 40 50 
3 321 4185) 17 13 30 9 5 + 7 23 30 50 
4 1029 19.88] 45 41 86 19 15 + 27 65 92 ¥25 
5 1101 eh OC, 47 44 91 20 16 + 29 69 98 125 
6 1496 4.20} 60 60 120 24 21 + 6 91 97 150 
ih 1402 |—12.23) 57 56 113 24 20 = 17 114 97 150 
8 1500 ti 47) “60 60 120 25 21 + 2 91 93 150 
9 938 11.09; 42 37 79 18 14 +15 59 74 100 
10 1410 Pe733|9 ST 57 114 23 20 +17 86 103 150 
ie 1514 3.26) 61 60 121 25 22 + 5 92 97 150 
12 1320 29.64) 54 53 107 23 19 + 40 81 121 175 
13 1326 22.89) 55 53 108 22 19 +31 81 112 175 
14 1342 24.42) 55 54 109 22 19 + 33 82 115 N75 
15 1296 25.36) 54 52 106 22 18 +35 80 115 175 
16 1263 27.92) 53 50 103 21 18 +38 ud 115 175 
17 1366 19.12) 56 55 111 23 19 + 26 84 110 175 
18 1301 34.04) 54 §2 106 22 18 + 46 89 126 175 
19 1244 36.19) 52 50 102 21 18 +49 hls 126 175 
20 558 20.20! 31 34 65 10 11 +27 34 61 100 
21 1-15 
and 1 ag RCE RE, ASR REC: EE RE I SMES eo to PSE ee Wwe Qe aS Pee, 3 & 1-5 
22 to each 
obsess GSO God cae oe S Balok EN a cc oh gut cad liceatony iereaeeyoulnera” Maral LOSS nee... 
12 13 14 15 16 17 18 19 20 
Belt | Start | Start Belt | ara we Lineal 
e ar Star ze travel o inea Fe 
num-] horse- | horse- | Initial t Belt gree loaded belt feet ag Num. 
ber | power | power |tension,| *©US!0? Fos to stop of belt er of | ber of 
emma WOaded RUuDMDINgs| 16 sec. ,.|£ === required, |C@?riers|return 
RE RCCuIMIS sec pounds | loaded, Brom’ | ae cathe required|rollers 
pounds feet feet im 
1 70 | 200 1500 8050 13,350 23 35 1636-6 225 78 
2 39 87 2000 4320 7,210 35 82 8657-6 120 41 
3 32 69 1500 3240 5,580 38 88 675-6 92 32 
4 87 204 1500 6950 13,660 35 73 2113-6 294 102 
5 91 217 1590 7290 14,390 35 73 2258-0 315 110 
6 117 234 2000 7740 17,100 46 156 3047-6 428 149 
7 Eig 245 2000 7800 16,610 43 349 2858-0 401 140 
8 i Nh er 250 2000 7540 16,900 48 179 3055-6 429 150 
9 81 176 1500 5840 12,000 40 102 1931-0 268 93 
10 111 254 2000 8220 17,110 40 105 2875-0 403 140 
11 120 255 2000 7710 17,150 47 164 3082-0 433 150 
12 105 262 2000 9230 17,580 32 65 | 2695-0 378 131 
13 107 254 2000 8690 17,110 3D 77 | 2707-0 380 32 
14 107 258 2000 8870 17,370 BS 74 | 2740-0 384 134 
15 104 253 2000 8810 17,080 34 72 2648-0 371 129 
16 103 250 2000 8850 16,880 33 66 | 2582-0 361 126 
17 109 255 2000 8540 17,200 ov 87 | 2788-0 391 136 
18 104 265 2000 9510 17,780 Sal 59 2659-0 372 130 
19 101 260 2000 9500 17,460 30 55 2542-0 356 124 
ne 35 103 3000 8250 11,820 14 23 | 1151-0 197 54 
and \ bat Cie yl tactic oS anc Setar! ENE NORTE crcl ME at | a 134-0 
22 |) each 
Total Be uO at ance acta eS ge Bs Sars Alloa he tae detec Descente Ae leyerminactie oral UP Sa 47,080-0| 6598 |...... 


ATG, 1% BELT CONVEYOR 1065 
Table 3. Conveyor installation at H. C. Frick Coke Co..— Continued 
Actual test data after the installation 
1 2 3 4 5 6 7 8 
Belt Ton Total Time oes Average 
number |Length,| Lift, | Date of | .o icq |kilowatt-| that ere load in 
feet feet test fos Gls hours belt ran, et tons per 
for day | minutes a ipa hour 
1 786 43.4 8— 4-24 6346 460 368 352 1080 
2 417 8.3 8 5-24 6418 174 360 327 1180 
3 321 4.8 8-— 7-24 6460 144 350 326 1192 
4 1028 19.9 8-11-24 6500 410 395 350 1115 
5 1101 211 8- 1.2—24 6854 420 390 333 1235 
6 1496 4.2 8-14-24 7122 410 370 350 1222 
7 1402 |—12.2 8-15-24 6884 330 395 389 1060 
8 1499 1.5 8-16-24 6750 400 415 361 1120 
9 939 ed 8-19-24 7032 358 376 361 1142 
10 1410 A Die 8-21-24 7883 440 389 354 1336 
14 1513 3.2 8-23-24 7250 400 388 359 1212 
12 1321 29.6 8-25-24 7271 530 375 340 1282 
13 1325 22.9 8-26-24 7252 480 374 342 1272 
14 1342 24.4 8-28-24 7085 490 377 345 1232 
15 1296 25.4 §~29-24 7341 500 367 334 1320 
16 1263 27.9 8-30-24 7939 430 400 350 1362 
17 1366 19.1 g— 1-24 6225 440 355 340 1100 
18 1301 34.0 9— 2-24 7235 520 370 363 1196 
19 1243 36.0 g— 4-24 7847 650 375 353 1334 
20 558 20.7 g— 5-24 7421 307 440 283 1575 
9 10 11 12 13 14 15 16 
Level belt demand : 
Addi- measured as addi- | Constant kilowatt 
z Rienal pa per 100 tons per 
tional see aa Has oop o RAOO RET based Om. 1Kilowatts 
Kilowatt |kilowatts|;-. empty demand, : ; ; 
Belt Momand ieabove lewate Column 10, less 11 Column 12 per 100 
number of empty had oh iteeunett aa? Goat aol 
empty | demand a Horse- |°ODVeyer, 
average Kilowatt empty 
belt | to carry ; Horse- | per 100 | POWer belt 
average Kilowatt power | tons per| Pe 100 
load 100 ft. tons per 
: 100 ft. 
1 19.2 51.6 39.8 11.8 14,2 0.139 0.167 2.44 
2 12.8 14.1 8.3 5.8 7.0 0.118 0.142 3.300 
3 12.8 9.3 4.9 4.4 5.3 0.115 0.138 4.00 
4 24.0 35.0 18.9 16.1 19.3 0.140 0.168 2.33 
5 27.0 36.7 PR] 14.5 17.5 0.105 0.128 2.45 
6 Geils 29.0 4.4 24.6 29.5 0.134 0.178 2.09 
i 28.8 Uy SS As best) 28.5 35.2 0.192 0.230 2.05 
8 28.8 27.9 1.4 26.5 31.8 0.158 0.189 1.92 
9 25.6 26.0 10.8 15.2 18.2 0.142 0.170 2.73 
10 24.0 37.0 14.0 3.0 27.6 0.122 0.147 1.70 
11 28.8 30.2 3:0 26.9 32.2 0.146 0.176 1.90 
12 32.0 52.0 32.0 19.7 23.6 0.116 0.139 2,42 
13 26.5 47.2 24.8 22.4 26.9 0.132 0.159 2.00 
14 26.0 49.0 25.6 23.4 28.0 0.141 0.169 1.94 
15 24.0 49.9 28.5 21.4 25.7 0.125 0.150 1.85 
16 26.4 50.1 32.3 17.8 21.4 0.103 0.124 2.09 
17 26.0 42.0 17.9 24.1 28.9 0.160 0.192 1.90 
18 24.0 53.3 34.6 18.7 22.5 0.120 0.144 1.84 
19 28.8 WA dl 40.8 30.9 37.1 0.186 0.223 2,32 


Cost of construction of belt conveyors at Arizona Copper Co. (After Jones) 


Table 4. 
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See. 20. 


which was 60-in. The duty was transporta- 
tion of run-of-mine bituminous coal from un- 
derground loading chutes to barges 4.3 miles 
distant. For conveyors at REPLOGLE STEEL 
Co., see Sec. 2, Table 61; at New Jerszy Zinc 
Co., Sec. 2, Table 84. — 

Cost of construction. At ArizoNA COPPER 
Co. smelter, Clifton, Ariz. (49 A 3) the con- 
veyors described in Table 4a were built accord- 
ing to the cost schedule in Table 4 (1912-1914). 
The costs given include all labor and material 
for installation, feeders, etc., but not the steel 
frames to which the idlers are attached. The 
cost of wooden supports and walkways is 
included in case of conveyors 91, 92, 93, 101 
and 102, 


2. Pan conveyor 


Pan conveyors are used for lump 
material that would cut a belt, or for 
finer material when loading pressures 
would be excessive for belts, or when, 
on account of low speed imposed by 
other conditions, belt tension is exces- 
sive. They consist of articulated steel 
pans carried on chains; the chains run 
over head and tail sprockets and are 
supported on the run by wheels or 
rollers running on tracks on the sup- 
portingframe. Different types of pans 
are shown in Fig. 8. 


The shallow V-shaped pan (a) has the ad- 
vantage that it discharges higher at the head 
sprocket than the other types, but the stiffness 
is not so great on wide conveyors as that of 
the deeper pans and it cannot be used on as 
steep slopes (15 to 20° max.). Pan (b) can be 
used up to 25° slope; it is stiff and well suited 
for hardwood lining, as shown. With such 
lining the conveyor becomes substantially of 
the apron type and should not be used on 
slopes greater than 15°. Pan (c) can be used 
on slopes up to 30°. 

Pans are made of 14- to %-in. steel; they 
are replaceable on the chain links, but if wear 
is great they should be lined with metal or 
hardwood. 

Chains are subject to great tension on 
account of the slow speeds at which the con- 
veyors are usually run; working loads may 
run as high as 25,000 lb., but it is better 
to keep down to 8000 to 10,000 Ib. per sq. 
pin pressures, if possible. For light 
service, malleable roller chain is used (Fig. 14, 
D); for heavy service, steel-bushed roller 
chain; and for heavy feeder service, heavy 
all-steel roller chain. 


Apron conveyors (Fig. 9) are es- 
sentially very shallow pan conveyors; 
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Table 4a. Conveyors referred to in Table 4. 
Capac- 
; P Width | Speed. | ity Size of Mot 
Length, feet | Rise, feet vs otor, 
Conveyor cre a athies Tha ickae of belt, feet per! tons material, horse- 
inches | minute per inches power 
hour 
1 97-4 3-0 30 150 100 12 5 
2 117-4 3-0 20 200 150 3% (conc.) 5 
3 182-5 44 46-0 20 250 150 34 (conc ) 20 
4 220-9 64-0 20 250 LOO a eee a cal 20 
5 127-0 26-4 20 250 150 a 15 
6 113-8 25-6 20 250 HUD) OG Yb See eae ate a 10 
7 180-3 8-9 20 300 150 36 1% 
7? 200-0 9-2 20 400 100 2M 10 
1&2 186-9/1&2 3-0 rm 
1_ 82-83 F 3% 
SEIS oul alle at hater well 20m UD LD % 15 
| 91-92-93 198-4 Flat 20 300 HOO) pigktcastt ss os 5 
| 101 145-3 lat Ob iA ca 300 HOOT Se tees 5 
102 165-0 Flat 20 300 TO) Ue Uhicaraaie ncceatree Sompen 5 
| 11 369-8 4% 87 20 300 HOO Aste helen 20 20 
1). 51-3 8 20 300 HOG): pst er dake eater 5 
| 131-132 109-0 Flat 20 800 LOO: |) Be AMEE. 5 
14 271-5 71 20 300 100) HL WRok Sac. 2 20 
15 165-0 Flat 20 300 LOO MER 185) .. 7% 
a Fines from sample mill. 
‘ + in some cases the pans are without ends 
re UI ies i py [id and spill is prevented by skirt boards. 
ae They are used for horizontal transport or 
= ee ‘Wah inclinations up to 10 or 12°. Their prin- 
disehara cipal application is in heavy feeder serv- 
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ice. 


The lighter type (a) has the rollers 


at the side of the pans; in the heavy type 
(b) the rollers are underneath in order to 
cut down the unsupported span. 
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Speed of pan and apron conveyors in metal-concentration plants rarely 
exceeds 50 ft. per min. and when they are used as feeders, speed usually ranges 
between 2.5 and 10 ft. per min. In the latter service they should be driven by 
some variable-speed device capable of ready speed change and convenient 
stopping and starting. In coal handling, the usual speeds are from 50 to 100 
ft. per min. 

Capacity may be estimated from Table 5. Ordinarily actual capacities 
will be below the tabular figures on account of irregularities in feeding; these 
irregularities are greater the greater the speed of the conveyor. 


2 
Table 5. Capacity of pan and apron conveyors at 20 ft. per minute.(a) 
(After Stephens-Adamson) 


~~ — 


{ Effective Depth of material on conveyor, inches 
width, 
inches 
2 3 4 5 6 a 8 | 10 | 12 | 14} 16 | 18 | 20 | 24 | 30 
12 10} 15 | 20] 2F| 30] 35] 40; 50] 60] 70/ 80} 90) 100 | 120 | 150 
18 15 | 22 | 30) 37| 45} 52] 60] 75| 90} 105| 120 | 135 | 150 | 180 | 225 
24 20 | 30} 40} 50} 60] 70} 80] 100) 120; 140 | 160 | 180 | 200 | 240 | 300 
30 25 | 37 | 50) 62] 75| 87} 100/125) 150 | 175 | 200 | 225 | 250 | 300 | 375 
36 30 | 45 | 60} 75) 90} 10& | 120 | 150 | 180 | 210 | 240 | 270 | 300 | 360 | 450 
42 35 | 52 70} 87 | 105} 122 | 140 | 175 | 210 | 245 | 280 | 315 | 350 | 420 | 525 
48 40 | 60 | 80) 100} 120] 140 | 160 | 200 | 240 | 280 | 320 | 360 | 400 | 480 | 600 
54 45 | 67 | 90) 112} 135) 157 | 180 | 225 | 270 | 315 | 360 | 405 | 450 | 540 | 675 
60 50 | 75 | 100; 125 | 150 | 175 | 200 | 250 | 300 | 350 | 400 | 460 | 500 | 600 | 750 
72 60 | 90 | 120 | 150 | 180 | 210 | 240 | 300 | 360 | 420 | 480 | 540 | 600 | 720 | 900 


a Based on material weighing 100 lb. per cubic foot. For other specific weights and 
for other speeds capacities are in direct proportion. 


Power consumption. Stephens-Adamson Co. (Catalog 25) states that the 
chain pull at the head sprocket with machined bushed-roller chain, well 
lubricated, is 12 per cent. of the combined weight of load and conveyor for 
level conveyors; with rough, malleable roller chain, the corresponding figure 
is 24 per cent.; inclination lessens the frictional resistance in proportion to the 
cosine of the angle with the horizontal. They give the following formulas for 
chain pull P and horsepower Hp.: 


For steel-bushed roller chain: 


P = (4L + 33.3H)T/S + 0.24LW, 
Hp. = (TL/8250 + SLW/137,500 + HT/990)(1 + 0.1N). 


For rough malleable chain: 
P = (8L + 33.3H)T/S + 0.48LW, 
Hp. = (TL/4125 + SLW/68,750 + HT/990)(1 + 0.1N), 


where L = horizontal projection of conveyor in ft.; H = total vertical lift 
in ft.; W = weight per ft. of conveyor in lb.; T = tons of material carried per 
hr.; S = speed in ft. per min.; N = number of gear-speed reductions. 


Skirt boards for apron conveyors should be placed about 3 in. in from the edge of the 
pans (see Fig. 9) and should clear the pans just enough to insure against rubbing; 
this excludes entry of any material underneath the boards that cannot be broken without 
stalling the conveyor. Heavy angles lined with plate or heavy timbers lined with longi- 
tudinal steel straps are the usual skirt-board material; they must be stiff enough, as above 
indicated, to crush small particles between them and the pans, if necessary, without any 
noticeable deformation, 
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3. Bucket conveyor 


Bucket conveyor (Fig. 10) consists of a continuous line of buckets attached 


Reciprocating 
Seeder 


Fia. 10—Bucket conveyors. 


by pivots to two endless roller 
chains running on tracks and 
driven by sprockets. The 
buckets are so pivoted that 
they always remain in an 
upright position. The carrier 
can transport either horizon- 
tally or vertically and thus 
is both a conveyor and an 
elevator. The path need 
not be rectangular but may 
be made almost any desired 
polygonal shape. Buckets 
are dumped by means of a 


cam placed to engage a shoe on the bucket, thus turning it into dumping 
placed anywhere on a horizontal or slightly- 


position; the device can be 
inclined run. The buckets 
have overlapping edges to 
avoid spilling when fed from 
a continuous stream; a spe- 
cial tripper reverses the over- 
lap on the return trip so that 
it will not interfere as the 
buckets start rising. The 
carrier has been used most in 
coal handling but it is a most 
satisfactory device for use at 
custom mills and _ smelters 
where several varieties of 
material must be moved in 
and out of separate bins; 
thus mixed charges can be 


Table 6. Size, capacity and speed of Peck carriers. 
(Link-Belt Co.) 

Bucket dimen- Pitch of Carrying Speed, 
sions, inches onan Prien fect por 
ite CW eh oP Peas teawiotectiisete ae 
i Ue Samia org 3) 18 0.68 30—40 
12 esate ios 18 0.81 30-40 
18S" 21 18 0.94 30-40 
24° x 138 24 1.68 40—50 
24 xX 24 24 2.24 40—50 
24 x 30 24 2.80 40-50 
PY oath Cala X53 24 3.36 40-50 
30 xX, 24 30 3.50 45-60 
30) 3 80) 30 4,37 45-60 
80° «36 30 SAZD 45-60 


made up with one carrier fed simultaneously from a number of chutes. 
Sizes and usual speeds of Peck carriers (Link Belt Co.) are shown in 


Table 6, 


4, Flight conveyor 


Flight conveyors (Fig. 11) consist of chain-drawn scrapers or flights 


Fic. 


cast-iron wearing plates, 


11.—Flight conveyors. 


running in a trough through 
which they drag the ma- 
terial to be transported. 
The trough may be placed 
on either the upper or lower 
or on both runs of the 
chain. Flghts are usually 
made of malleable iron or 
steel and the troughs of 
steel, lined with steel or 


Troughs may be placed at any angle from the 
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horizontal to about 30°, but capacity is very much lowered as inclination 
increases. 


Speed. The usual range is from 50 to 100 ft. per min. 
Capacity may be estimated from Table 7. 


Table 7. Capacity of flight conveyors. Tons of coal per hour at 100 ft. per minute 
(After Slephens-Adamson) 


Horizontal Inclined 

Size of f ; 

flight, Spaced panes Spaced 24 in. 
inches carried 

1698. | eine 2c RPE aides. | wp dee. | SOdee 

4X10 34 30 22 15 18 14 10 
4x 12 43 38 28 19 24 18 13 
5x 12 52 46 34 23 28 22 16 
5X15 70 62 46 31 40 31 22 
GHGESi| ashige Ja 6? 80 60 40 49 40 31 
a! to al iS oe eee 120 90 60 72 57 48 
SGU lc Lieee Av Ree) e eRe oF 105 70 84 66 56 
O24 ben L ilo. Mahan Bae ek 135 90 120 96 72 
LODS@24 ie. FAR on HAV al 172 115 150 120 90 


Power consumption. L. D. Moss (Peele) states that for level conveyors anthracite 
requires about 3 hp.-hr. per ton-mile; bituminous coal, 3.5 to 4; and ashes, 4 to 6. Addi- 
tional horse-power required for elevation may be obtained from the formula: hp. = tons 
per hr. X ft. lifted + 990. Add to the total for horizontal transport plus elevation 10 per 
cent. for each gear speed reduction at the head sprocket. 

Applicability. Flight conveyors are rarely used in metal-concentrating mills on account 
of excessive wear but are frequently used in coal washeries, where the material handled is 
less abrasive than ores. They are sometimes very useful for transporting short distances in 
confined spaces where no elevation may be lost or even slight elevation must be gained. 


5. Screw conveyor 


Screw conveyor consists of a spiral blade attached to a shaft which revolves 
in a horizontal or inclined trough. Material fed into one end of the trough 
is pushed toward the other end by the rotating spiral. The shaft is mounted 
on bearings at each end and also in the middle, if the conveyor is long. Spirals 
used for ores must be extra-heavy steel or cast iron. 

Drive is through a pulley or sprocket mounted on one end of the shaft. 

Power consumption is high. Horsn-powrr required may be approximated by the 
formula: Hp. = WLC/33,000 (S.-A. catalog) where W = weight of material in pounds per 
min., L = length in ft., and C = 2.5 for cement, fine coal, etc.; 4.0 for ashes, sand, ete. 
For sand, gravel, ashes or similar materials screw conveyors may be obtained with diameters 
of 9, 12, 16 or 18 in.; running at speeds of 55, 50, 45, 40 r.p.m., respectively; with capacities 


of 230, 510, 1100, 1360 cu. ft. per hr. respectively. Higher speeds with greater capacities 
are used for lighter and less abrasive materials. 


Screw conveyors are useful to transport dry or moist sandy material short 
distances where space for other devices is lacking, ¢.g., to deliver return sands 


from a classifier to a ball mill or as a distributing feeder for vibrating screens 
but wear is great both on the blade and the trough. 


6. Bucket elevator 


A bucket elevator (Fig. 12) consists of a number of buckets (d) fastened to 
an endless chain or belt (a) running respectively on two sprockets or pulleys 
(b, c) at different elevations, Material is fed at (¢) directly into the buckets or 


| 


{ 


| 


} 


| 
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is scooped up from the Boor (f) and carried up and discharged into a receiving 
hopper (g) as the buckets pass over the upper (HEAD) wheel. The line joining 
the centers of the pulleys or sprockets 

may be inclined at any angle between bie 
65 or 70° and the vertical. Bucket FIG NS 
elevators are called continuous if TASB c 
‘the buckets are spaced practically LY, 
touching and  CENTRIFUGAL-DIS- 
cHarceE if the buckets are spaced 
say one or more bucket-depths apart. 
The height of lift in concentrating 
mills is seldom over 75 ft. but there 
is no definite limit in the ordinary 
range of requirements. 


pulleys 


section to |i 
Jaciiitate |} 
renewal |i 
of buckets j3 
Drive is usually by a spur gear on the 
head shaft and pinion on a jack shaft belt- 
driven from a motor or line shaft. Direct 
belt drive from a line shaft to the head shaft 
is sometimes used; also direct connection of ee > 
a motor to the pinion shaft. Gear drive 
is better than belt drive because it per- Slide 
mits higher drive-belt speed and belt drive g 
is better than direct connection because 
the belt will slip in case of a sudden jam and 
possibly save breakage of the bucket line. 
Head shaft should be extra heavy and as Fig. 12.—Belt-bucket elevator. 
short as possible. The greatest stress is due 
to the weight of the loaded bucket line and to sudden shocks arising from obstruction to the 
free motion of the line; a shaft strong enough to support this loading is more than large 
enough to transmit the necessary power. A light shaft that bends under load causes uneven 


and excessive wear on bearings. 
Size of head shaft. Let w = total load in Ib. of shaft, pulley, bucket line and ore; 


1 = length in inches of the shaft between bearings; d = diameter of shaft in inches; 
z= section modulus = d3/32; s = permissible working stress in lb. per sq. in. = say 
5000 lb. Then wl/4 = sz = 5000 wd3/32 and d3 = wl/1963.5. 

Bearings may be of standard pattern but preferably ball-and-socket, grease lubricated. 
Special coLLaArs with an interlocking rim to cover the end of the bearing are sometimes used 
to exclude grit; closed ends aid exclusion. Shafting is frequently turned down on the ends 
to permit the use of smaller-sized bearings, 


Rubber belt is the usual medium for carrying buckets in American concen- 
tra*ing-mill practice; BALATA BELTS have been widely used in South Africa. 
Rubber elevator belts are usually made with 32-oz. duck; for heavy work, 
36- or 42-0z.; with a 149- to %-in rubber cover on the pulley side for protec- 
tion against pulley slip and some cover on the bucket side also, to provide 
for the wear of entering feed; for wet materials the cover on the pulley side 
is usually twice as thick as on the bucket side and ranges up to %-in. The 
edges usually have extra-heavy covering. The belt should be two to four in. 
wider than the bucket to prevent the buckets from catching on the housing or 
any other projection. Elevator belts are subject to heavy loads; surface 
wear is severe both on account of loading conditions and slip and creep at the 
head pulley; the perforations for bolts allow access of grit and water, and this 
in conjunction with acute bending around small boot pulleys, and frequent 
bending due to short length disintegrates the internal bond (Friction). (CREEP 
is change in belt length, due to difference in tension on the two sides of the 
head pulley, so that the belt shrinks in passing from the up side to the down 
side and this causes relative movement between the surface of the pulley and 


the belt). 


OC 
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Belt replacement is the most important item of upkeep in elevator operation so that 
precautions to extend belt life pay for themselves in short periods. Table 8 gives life of 
belts under various conditions. On elevators with buckets spaced some distance apart and 
run at low speeds, triangular strips of wood are sometimes fastened to the belt between 
buckets to prevent material from running along the belt and getting caught behind the 
buckets; this practice is reported to have greatly increased theJife of belts (69 A 225). 


Table 8. Performances of 


Det Bat aE 
Maximum | Per Lift re speed, 
Material size cent. fed sutleys feet 
.| material | water : per - 3 
inches ee. Material) Width 
Tron ore (magnetite) Be MER 4-in. Dry 67 42 275 | Rubber 26 
Tron ore (magnetite).......... 3g-in. Dry 47 36 220 | Rubber 18 
Tron ore (magnetite).........- 4-in. Dry 88 42 220 | Rubber 26 
Iron ore (magnetite).......... 2-in. Dry 88 50 338 | Rubber 32 
Copper Ole. =: eee ots + sees 2-in. 2 64 36 357 | Rubber 18 
Porphyry \copperore.'... . 9.20. - l-in. 60 54.5 60 450 | Balata 26 
| ; 

Porphyry copper ore.......... 0.09-in. 75 | Da 60 450 | Balata 30 
Porphyry copper ore.......... 3-in. 9-12 | 44.5 60 450 | Balata 36 
Missouri Jead ore... ...... seweest 9-mm. 50 64 36 500 | Rubber 15 
Missouri lead ore... .....c+..- 9-mm. 50 isis 36 354 | Rubber 18 
Missouri lead ore............-. 3-in. ites 32 36 232 | Rubber 18 
Missouri lead ore............. 150-mesh 90. 37.5 24 450 | Rubber 13 
Missourl lead ores... 2... 4-4. 5¢-in. 40 68.5 42 385 | Rubber 20 
Missourt Jead OL sco. ss. sns spdien nt l-in. 4 645, AS 385 | Rubber 28 
Missouri lead ore............- 12-mm. 40 61 42 385 | Rubber 16 
Missouri lead ore.............. 12-mm. 4 60 42 385 | Rubber 16 
THEA G=ZINCy ORC acre EF 565 a inens 0. 5-in. SS a aaah igs 43 517 | Rubber 16 
Wea =ZiOGrOLe ac. cm io cce yr iets 20-mesh | 87.5 38 43 472 | Rubber 16 
Native copper ore............ 5g-in. 50 28 36 300 | Rubber 10 
Low-grade gold ore........... 0.07-in. 72 74 60 393 | Rubber 12 
GSA SC INCAOR Creo ars aes a a Fels a ¢ l-in. 25 3 bare 450 | Rubber 14 
Reclaimed tailing ............ 14-in. 4 70 36 212 | Rubber 18 
Zine ore...... ees Sano EY coke an oe ee 61 60 409 | Rubber 36 
Complex sulphide ore......... 14-in. 21 83 60 658 | Rubber 32 
Complex sulphide ore......... 0.05-in. 

i 33 55 48 503 | Rubber 28 
PM SECIY ORC cet lee tis. sera Y-in, 80-85 38 36 368 | Rubber 18 
Low-grade copper ore......... l-in. 60 60 42 372 | Rubber 22 


Splicing belts. Various methods are shown in Fig. 13. The Jackson FASTENER (d) 
consists of stamped steel plates each with two counter-sunk bolts, two oval cup washers with 
prongs and two sleeve nuts. The bolts with cup washers are inserted into holes in the belt 
frum the pulley side, the steel plate put on and the sleeve nut tightened. The cup washers 
cause the belt to be drawn up into the concave parts of the steel plate and the sleeve nuts 
wedge the warp threads of the duck together and a tight joint is made. Burr-sTRAP JOINT 
(c) is usually twice as long as the width of the belt or, with continuous buckets, the length of 
two buckets on each side of the joint. The lap-joint (c) is simple and easily made. With 
butt-strap and lap-joints on heavy belts (over 6-ply) the extra thickness caused by the 
double layer of belt at the joint causes movement between the belts when passing over the 
pulleys and tends to loosen the bolts and allow sand to enter between the layers. When a 
Jap joint is used the direction of motion of the belt should be as indicated by the arrow to 
prevent turning over the end when slipping occurs at the head pulley, 
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Head pulley should be large enough to prevent undue internal strain between the plies 
of the belt; a diameter in inches at least four, better five, times the number of plies in the belt 
is satisfactory. The diameter is also limited by the belt speed and discharge requirements. 

WiprH or FAcE should be 2 to 4 in. greater than the width of the belt. The pulley 
face is usually crowned but high crowns must be avoided unless the buckets are placed in 
two rows, A solid cast pulley with split hub and one or two keys and set screws is best; as 


_belt-bucket elevators 


Belt Buckets 
= Tons |Horse- 
solid | power 
Cover Length X Spac- per | con- 
Plies] ; , Life Material width X ing, Life | 24 hr. lsumed 
inches F t 
depth, inches | inches 
8 \Yie6 360,000 tons Steel PLD aly Se IN TIRES ROUEN le eaten olerets oe 
8 6 1,000,000 tons Steel 16X6X6 LSP TOOO daar eos... 
8 Ve 185,315 tons Steel 24X 134% 10} 13% | 600 da. | 2600 15 
8 Ye 900,000 tons Steel BUX LoxK 12 15 800 da. | 8400 20 
6 Sp RTP OR RE, 5A es Mall. C. I. 14K 6X6 21 400 da. 840 4.3 
a asta: Sar 105 da. Mall. C. I. | 12X8x7% 12 120 da. | 2400—| 50 
(2 rows) ° 3600 
19) “|r? 358 da. Mall. C. T. 15x 9X8 1614 | 180 da. | 3200 | 46 
(2 rows) 
1 ae eee eee 433 da. Mall. C. I. |17%x10xX8] 18 150 da. | 5000 | 40 
(2 rows) 

5-5-7 Vio 10 mo. to 2 yr.| Mall. C. I. TS TE 18 3-4 mo. | 1500 13 
8 342 400 da. Mall. C. I. 16X 8X7 18 250 da. | 900 11 
8 342 2 yr. Mall, C, I. 16X 8X7 18 90 da. 800 8 
6 332 575, da. | Steel 12k 5x4 12 Lh A er MRTE 5 
10 Vib 1: yr. Mall. steel] | 18K 8kK6% 22 7-8 mo. | 3000 15 
10 446 Loy Mall. steel | 14K 7X51 24 4-5 mo.! 2400 25 

(2 rows) 
8 lig 1 yr. Mall. steel | 14K 7K 5% 22 7-8 mo. | 840 10 
8 Vio 3 yr. Mall. steel | 14K7xX5% 22 7-8 mo. | 840 10 
8 |“%eand 600 da. Mall. I. 15x 734x8M%!] 16 6 mo. 450 8 
8 |M%eand & 1100 da. Steel 16X7%x74) 16 5 mo. 150 6 
8 |(Friction) 350 da. Mall. I. 74X5xK4% 18 COO da aol Zo means 
8 Vg 730 da. Mall. I. 12x9x6% 18 515 da. 88 15 
10 % 150 da. Mn. steel ID7X 7 16 120 da. | 1200 12 
Con- 
10 ¥% Qeyry Steel 16X 8X 12 tinu- 31% yr.| 1860 15 
ous 
i4 453 da. Mall. I. 18x 8x8 16 540 da. | 3600 36 
12 |W%and Yel 98-401 da. Steel 16x 8x8 8 O nies |" 353 lawn. 
(2 rows) 
12 |Y%and Me 1510 da. Steel 14K 7X7 81 = Simo; aly As Oe epee 
5 \% 240 da. Steel 16X 8X5 19 | 270da.} 500 | 18 
12 4% 300 da. Mall. I. 20X9X8 22 200 da. | 2000 15 


a further precaution against loosening a heavy band may be shrunk around the split hub 
or a keyed, solid-hub pulley pressed onto the shaft. Head pulleys are generally made 
extra heavy with two rows of arms on wide-face pulleys and long hubs extending almost the 
entire width of face. 

Lagging increases traction between the pulley and belt and decreases wear on both. 
The most satisfactory lagging is 3- or 4-ply rubber belt or 2- or 3-ply belt with a 46- or 1-in. 
rubber cover, fastened by 14-in. flat-head bolts; the bolt holes in the rim should be counter- 
sunk outside so that the heads of the bolts are drawn down below the outer edge of the lag- 
ging, and thus prevented from wearing the belt. 


Chains or link-belts running on sprocket wheels are commonly used for 
elevating broken stone. They have the great advantage of positive drive, 
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and are good for hot materials that might damage rubber belts. Their chief 
disadvantage is the great wear at the articulations, where lubrication is diffi- 
cult or impossible; notwith- 


(a) 


|--- Piece of belt used as a butt-strap -—~ eerily Bebe eee 
: resisting alloy steels, chain is 
/ 
if. 
| i aN dusty abrasive material. 
= ——— The standard detachable chain Fig. 


unsatisfactory for wet pulps or 
Flevator belt7 ; ; 14, A is cheapest and is widely used; 


aed the links are easily replaced but no 
a 13 Slats provision is made for lubrication or 
S bolts 3't exclusion of grit; it can be obtained 


(b) in manganese steel. Fig. 14, B shows 

interlocking riveted pintle chain, 

v usually made of malleable iron; most 

of the strain comes on the links rather 

Ends of lap s must be cut off close to bolts than the pins and grit is excluded to 

some extent. Ley bushed chains (Fig. 

(c) 14, C) have malleable-iron links with 

“ ease-hardened steel pins and bushings 

Bolts especially at ends of. which are easily replaced. Special 
lap must be kept tight links (Fig. 15) carry the buckets. 

; An elevator may have one or two 
chains. Single chains are attached to 
the back of the buckets; double chains 
may be attached either to the back 
or sides. With elevators inclined at 
any considerable angles from the ver- 

(a) tical, the chains are usually placed on 
the sides of the buckets and provided 
with rollers which run on a track, thus 
supporting the loaded side. Fig. 14, 
D shows link for malleable iron roller 
chain. For details of the numerous 
types of chains and link belt see 
eatalogs of Stephen-Adamson Co., 
Link Belt Co., Jeffrey Mfg. Co., C. O. 
Bartlett and Snow, etc. 


Fie. 13.—Methods of splicing elevator belts 
(after Hetzel). 


Housings. No housing is needed with coarse and nearly dry material 
except to guard against possible spill of material on men or machines near the 


Fig. 14.—Chain-links for elevators. 


elevator. If wet pulps or fine dusty materials are being elevated a housing 
should be provided to confine splash or dust. Wood is commonly used, steel 


De) > LP ey Bp 


Fie. 15.—Links with attachments for holding buckets. 


and concrete less frequently. The front of the housing (upcoming side) is 
made in removable sections and doors are provided to allow access to the boot. 
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Fig. 16.—Wooden elevator housing. 
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The simplest woop HOUSING consists of 1- or 144-in. matched boards nailed vertically 
to the inside of an outer framework. Fig. 16 shows details of a wooden elevator housing 
made up of two layers of matched boards; the outside layer is placed horizontally and nailed 
to the framework and the inside layer is nailed vertically to the outside layer. Building 
paper painted both sides with asphalt paint laid in wet between the two layers of boards 
prevents leakage. CLEARANCE between the belt and buckets and the housing should be not 
less than 41% in. on the sides, better 6 to 8 in., and from 8 to 12 in. or more front and back. 
Boards running parallel to the belt are sometimes nailed on the inside of the housing to take 
any wear if the belt runs out of line. The joints on such boards should run in the direction 
of travel of the belt. The housing is usually light and is supported when possible on the 
floors of the mill building. SupporT FOR HEAD-PULLEY shaft and bearings is provided by 
special girders in the building frame. STEEL HOUSINGS are made in sections of light sheet 
steel with light angles riveted to the edges; sections are bolted together through the angles. 
REMOVABLE SECTIONS should be conveniently placed to allow access for observation and 
repair. A crane rail should be provided above the head pulley. 


Boots for elevators may be small or large. Small boots are used for 
elevators lifting coarse material so that, if there is any spill, the material will 
be readily moved by the buckets. 


Boots of cast iron or steel can be obtained from makers (Fig. 17). The bottoms are 
smooth and rounded to permit easy sliding of accumulated material in front of the buckets; 
removable liners are usually provided. Bearings for the boot- 
pulley shaft are sometimes supported on the boot with a take-up 
as shown in Fig. 17. CLEARANCE between the bucket tips and 
the bottom of the boot should be sufficient at the lowest position 
of the boot pulley to prevent the buckets from jamming against 
accumulated material; at least three times the diameter of the 
largest pieces handled should be allowed. For fine wet pulps 
the boots should be large to reduce wear on the sides and bottom. 
Such material is frequently fed directly to the boot and is secoped 
up by the buckets. The boot then may be either a concrete sump 
or a large wooden box 2 or 3 times the width of the housing and 
of greater length (see Fig. 16). 

Fie. 17.—Cast-iron Boot pulley is usually smaller than the head pulley, rang- 
elevator boot. ing from 6 in. less to two-thirds the diameter of the head pul- 

: ley, but never less than 24 in. diameter. Boor PULLEY SHAFT 
is usually lighter than the head shaft. Brarincs are supported on the boot or better, 
independently outside. Proper lubrication of boot bearings is difficult and is usually 
neglected, Fig, 18 shows a bearing with flanges for bolting to the boot walls. Grease from 


wna) 
tH 


CT Tp 


Fia. 18 —Special bearing for boot-pulley shaft. Fie. 19.—Lever take-up. 


cup at end moves in opposite direction from any entering grit and tends to keep the bearing 
clean, TAxk®-UPS are necessary on vertical elevators to compensate for belt stretching. 
The usual form is supported on the boot and consists of a screw moving the bearing in puides: 
Special weighted automatic take-ups can be procured. A simple device in solitaln the bone 
pulley shaft is supported on wooden slides operated by levers is shown in Fig. 19 The 
amount of take-up is necessarily small and when the limit is reached the belt “iiet be short- 
ened. Take-ups can be omitted from inclined elevators; if the boot pulley shaft is plated 
behind the head pulley a horizontal distance equal to the diameter of the head pulley, the 
sag of the loaded belt is sufficient to allow as much stretch without loss of ““wrap”” on the 
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boot pulley as would be provided by a take-up. With inclined elevators extra tension is 
put in the belt, if the hang of the loose side is within the line of the catenary between the 
head and boot pulleys. 

Head housing. A removable housing should be provided around the head pulley, 
extending a distance above the head shaft equal at least to the diameter of the head pulley. 
It should make a tight joint with the receiving hopper and be provided with a light, easily 
removable cover. 

Receiving hopper is provided with a receiving iron (a) Fig. 16, to catch material as it 


' discharges from the buckets. The receiving iron is placed as close to the buckets as pos- 


sible (rarely more than 1 in. away from the edges of the buckets) and at a point low enough 
so that all material will be discharged from any bucket before it passes the lip of the iron. 
The best position to avoid too great a loss of lift varies from a few inches below the center of 
the head shaft for high-speed centrifugal-discharge elevators carrying a freely-flowing 
material to a point below a 45° line drawn tangent to the circumference of the head pulley 
for slow-speed elevators or those carrying sluggish material. The receiving hopper is usually 
made with rectangular bottom and material is allowed to bank up to its own angle of repose 
thus avoiding the use of liners. If discharging material strikes the sides of the hopper, 
liners are provided. The receiving iron in inclined elevators may be placed closer under the 
head pulley than in vertical, but the housing will be somewhat more complicated, greater 
floor space required, and if the inclination is great, rollers must be provided to support the 
loaded belt. Material discharges from the hopper through a chute or launder let into the 
side or end a few inches above the bottom. 


7. Continuous-bucket elevator 


This type is used for elevating coarse and comparatively dry material. 
They are usually run at low speeds so that the discharge takes place by dump- 


ms ofthe Duckets 2s phey een. Table 9. Speeds for continuous-bucket 


the head pulley, with little aid from Cicatora. (atom tlaeel) 
centrifugal force. As the buckets 

dump, their load slides over the bot- Head pulley 

tom of the preceding bucket and is Belt speed, 
caught in the discharge chute. Speed y } feet per 
should not be so great as to cause ex- ieee pene wee 
cessive spilling at the feed chute and 

with material containing a large per- 12 35 110 
centage of freely running fine material a s res 

it should be fast enough so that 21 97 147 
enough throw will be given as the 24 25 157 
buckets pass over the head pulley to 27 a 12 
prevent the fine sand from running xe oe 1c 
out the sides of the buckets and fall- 36 21 198 
ing back down into the boot. With | 


continuous chain-bucket elevators 
the speed is seldom greater than 100 ft. per minute; continuous belt-bucket 


elevators run at higher speeds; Table 9 gives proper speeds for various head- 


pulley diameters. ne SF : 
Buckets for continuous bucket elevators are shown in Fig. 20, and their 


dimensions, capacities and weights in Table 10. They are usually made of 


7Cp 
3 60%: 
5 “~ 
(¢) 


(a) 


Fic, 20.—Buckets for continuous-bucket elevators, 
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Table 10. Dimensions and weights of standard steel ore-buckets for continuous-belt 
elevators (Fig. 20). (Stephens-Adamson M’f’g Co.) 


Dimensions Weight per 100, pounds 
Length, | Width, | Depth, |Capacity,] No. 16 | No. 14 | No. 12 | No. 10 | No.8 
A B 4 C cubic steel steel steel steel steel 
inches inches inches inches 
5 3 4 20 125 150 ZOO” distr te cea lees Sateen 
6 3144 5 35 160 200 Pe Ogden tur | Ss cr cic 
7 4 6 56 170 220 BG dell Nae dee eres PE civer Pl co: 
8 414 7 "4 84 290 360 520 6507 Na tee 
9 5 8 120 320 400 690 1 Rel N eta ica 
10 bM% 9 165 390 490 720 S907 =. ae See 
11 5% 914 190 530 660 960 1190 1460 
12 6 10 240 550 690 1020 1250 1530 
183 6% 11 314 650 810 1190 1470 1830 
14 7 12 SOOT mle eee ces 950 1380 1700 2090 
15 7% 12 250 tee Se tet He kOs0) 1500 1870 2280 
16 8 13 Sook aavatas 1180 1700 2100 2600 
17 8 13 RO call Sees, eevee 1220 1780 2130 2700 
18 9 14 OLN mete 1430 2080 2580 3160 
20 9 14 SAO Mae 2. 1550 2240 2780 3400 
22 10 14. RODG: pies. cee eied Soe 1725 2500 3100 3790 
24 10 15 E200 Weeks ee 2000 2930 38540 4450 


steel plates riveted together (a, b), with or without ears for lapping adjacent 
buckets. The transverse section depends upon the material carried and the 
slope of the elevator. 


In Fig. 21, AOB represents a bucket in dumping position. Angle 

\ XOB should be 40 to 50° so that material dumped from the following 
x 1) bucket onto OB will slide freely; angle BOA should be 50 to 60° to 
i eseayre ny ipernes prevent lumps of rock from wedging and lessen sticking of damp fine 
Horizontal naterial. BOA = 90 — XOB + YOA. . Setting XOB = 50° and BOA 

at 60°. YOA, the inclination of the down-going belt, is 20°. The carry- ~ 
8 4 A ing capacity for any given inclination of elevator and length of bucket 
ly front depends upon angle BOA; for elevator slopes of 10° to 30° from 
' the vertical, buckets with angle BOA between 60° and 70° have maxi- 

Pre -21, mum carrying capacity. i 

Fastening buckets to belts is done by means of bolts. Other methods have been pro- 
posed but have not worked out satisfactorily. One or two rows of bolts may be used, the 
latter for all but very small buckets; two rows are spaced 1 to 2 in., and pulleys should be at 
least 30-in. diameter, if two rows are used. Buckets work loose readily and an elevator 
should be inspected at short intervals to tighten the buckets before they fall into the boot 
and tear off others. Double rows of narrow buckets set staggered on a wide belt are better 
than wide buckets because they allow the belt to conform to the crowned head pulley without 
undue strain on belts and bucket bolts. The gap between bucket and belt in passing over a 
pulley depends upon the length of the back of the bucket, the place of attachment and the 
diameter of the pulley. If the buckets are bolted along the upper edge of the back the gap 
at the bottom is large and in passing over the head pulley material will be spilled into the 
gap unless extraordinary precautions are taken; if bolted near the bottom, the large gap 
picks up material in passing through the boot and the buckets will probably be torn away. 

(/@2+ PR) —d 

2 
diameter of head pulley and 7 = length of back of bucket; g should never exceed 1/8. 


Center bolting is the compromise adopted. The gap = g = , where d = 


Feed. A continuous-bucket elevator should be fed through a chute 
delivering to the rising side at a point such that the bottom of the feed chute is 
two bucket spaces above the foot shaft. This gives a chance to catch spill in a 
later bucket. Ciearance between the feed chute and the outer edge of the 


| 


| 
| 
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bucket should be great enough 
to prevent a large piece of 
material from Jamming. 


Spill that falls into the boot must i 
be dug out by the buckets, with 
consequent increase in wear and 
power consumption. Small accu- 
mulations in large boots may be 
removed manually through doors; 
Fig. 22 shows an ingenious method 
of removing large amounts me- 
chanically. (H. M. Roche, Beach 


nA SRstcsRis Oo ancate aatras (nts Pen ere ar delivering spill 
30° from the vertical; this in- OS OE SPIO EE COS 


creases the chance of catching spill 
in succeeding buckets and also aids 
sliding discharge. 


Fia. 22.—Arrangement for removing spill from 
elevator boot. 


8. Centrifugal-discharge elevator 


These elevators employ centrifugal foree developed in passage over the 
head pulley to throw material clear of the buckets into the receiving hopper. 
As rising buckets reach the head pulley centrifugal force becomes effective and 
tends to push the bucket contents toward the lip. The force acting on the 
bucket loads is the resultant of gravity and this centrifugal foree. Centrifugal 
foree, C = 2Wv?/gD where v = peripheral velocity in ft. per sec., D = diam- 
eter in ft. of the circle described by the center of gravity of the load, W = weight 
of the bucket load in lbs., and g = acceleration due to gravity (82.2 ft. per 
sec. per sec.). Material should start to discharge from the bucket when the 
direction of the resultant of the forces becomes perpendicular to the front of 
the bucket; actually discharge begins somewhat later, the amount of lag 
varying with the fluidity of the load. Free-flowing material discharges close 
to the theoretical point; sluggish and sticky materials lag considerably. 


Speed = 82% of Speed= critical Speed = 120}, 
critical speed speed of critical speed 


Fic. 23.—Forces at the head-pulley of centrifugal-discharge elevators. 


Critical speed i is that for which the centrifugal force is equal in magnitude 
and opposite in direction to gravity. At this speed the load is in equilibrium 
with respect to the bucket (see Fig. 23) and C = W = 2Wv?/gD;, v? = gD/2; 
v = 4,/D (approx.). To find the r.p.m. (N) for this condition: v = tDN/60; 


D*N2/3600 = .gD/2; N? = 1800g/r2D, and N = 76.6/./D. d (diam. of 
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head pulley) = D — 2¢ — p, where ¢ = thickness of belt in feet and p = 
projection of the bucket in ft. 

As a bucket starts onto the head pulley the sudden application of centrifugal 
force may, if the bucket is full of freely-flowing pulp, cause some spill as the 
load shifts to bring its surface perpendicular to the resultant foree. As the 
bucket passes around the head pulley the resultant force decreases but it 
always has a component pointing towards the bottom of the bucket until 
the bucket is vertically above the pulley center. In Fig. 23, B, the buckets have 
a 45° bottorn angle, and the resultant force at position (1) is perpendicular to 
the front of the bucket. The amount of material that the bucket will hold 
under this condition depends on the internal friction or fluidity of the mass; the 
load tends to take a position so that the angle (a) between the side of the 
bucket and the top surface of the load equals the angle of repose (Sec. 19, Table 
2); with mobile pulps the carrying capacity of the bucket is distinctly limited, 
but with sticky or coarse dry material and buckets not too heavily loaded, 
practically no spill will occur; because the initial condition is instantaneous and 
is followed by more favorable conditions. 

Free discharge occurs on the discharge side of the pulley when the direc- 
tion of the resultant is within the parallels to the front and.back drawn through 
the center of gravity of the load; in such cases there is no friction between the 
load and walls of the bucket. For the 45° buckets shown in Fig. 23, free 
discharge at critical speed extends over the full quadrant from the top to the 
point at which the belt leaves the pulley. For a bucket with bottom angle of 
30°, free discharge extends only to a point 60° from the vertical; a bucket 
with 15° bottom angle will discharge freely only to a point 30° beyond the ver- 
tical. The bucket may still discharge beyond the point at which free dis- 
charge ends but discharge will be retarded by friction due to the component 
of the resultant perpendicular to the front of the bucket.. Thus while a bucket 
with a small bottom angle has the greater carrying capacity its period of free 
discharge is so limited that net capacity is ordinarily less than that of buckets 
with more flare. 

For belt speeds below the critical speed (Fig. 23, A), the bottom angle is 
unimportant except that material packs and holds back more with small angles. 
Under the conditions pictured in (A), while the bucket is moving from the top 
position to a poimt about 45° beyond, the resultant lies inside the tangent to 
the circle of rotation of the center of gravity of the load and the load tends to 
run out onto the belt; free discharge occurs between 45° and 90° beyond the 
vertical. 

Overspeeds. Fig. 23, C, shows the effect of overspeed; 20 per cent. is 
probably the limit for efficient work. With 45° bottom angle, the resultant 
on the rising quadrant is always in a direction tending to push the load out; 
it reaches a minimum at a point 45° up from the horizontal. With a bottom 
angle between 35° and 40° the tendency to discharge is delayed until the 
bucket reaches 15° to 25° from the vertical. On the discharge side the result- 
ant favors discharge over the whole quadrant; with a 45° bottom angle free 
discharge takes place after the bucket passes the 45° point; with smaller bot- 
tom angles free discharge starts later and vice versa. 

5 The usual bottom angle for buckets handling ores or mill pulps is about 40°; 
this gives good capacity with a good range of free or nearly free discharge. 
Overspeeding usually causes incipient discharge in the rising quadrant but 
if overspeed is not excessive, most of the load is thrown well over into the 
receiving hopper. Excessive overspeed causes excessive discharge on the rising 
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side and much of the load falls back into the boot. Slow speeds cause delayed 
discharge, and the load may not be thrown clear, and there is considerable 
spill back into the boot, but the wear on the receiving hopper is not so great 
and friable material is not broken up as much as with the more violent ejec- 
tion of higher speeds. 

Loading conditions are affected by belt speed, if the elevator is boot fed. 
High speeds, especially with boot pulleys of small diameter, may produce 
such great centrifugal forces that material is prevented from entering the 
buckets in the lower portion of the run and it is then necessary to carry a 
deep bed of material in the boot to get proper loading; with heavy pulps and 
coarse material this causes excessive power consumption and damage to buckets. 
Tabie 11 gives speeds for various head-pulley diameters; critical speeds should 


Table 11. Belt speeds for centrifugal-discharge elevators. (After Hetzel) 


(Griticalieneed 82 per cent. of critical 
; speed 
Diameter of 
head pulley, 
inches Rewalnitions Belt speed, Revolutions Belt speed, 
per minute feet per per minute feet per 
minute minute 
12 69 217 56 176 
15 62 247 an l) We 200 
18 56 264 46 217 
21 53 292 43 237 
24 50 314 41 257 
27 47 303 39 276 
380 45 353 37 290 
33 43 872 36 3ll 
36 41 386 34 320 
39 40 408 33 337 
42 39 429 32 352 
48 37 465 30 377 
54 35 495 28 396 
60. 33 518 27 424 
66 32 553 26 449 
72 31 584 25 471, 
84 29 637 23 506 
96 27 679 22 554 
108 25 i et Ee nae need (PURI Lo 
120 24 GAN TAN NRL RE VR Ae. Are cet. 
LL 


be used for freely flowing materials, the lower en phe mye 


speeds for coarse or dusty materials. Ty 
Material coarser than %-in. should not be p 
boot fed. fae “An 


lez 
Buckets for centrifugal-discharge elevators ; 

are usually of malleable iron; various styles are < Se 

shown in Fig. 24. Corresponding dimensions, if 

capacities and weights are shown in Table 12. 

Styles A and AA are most used; AA is heavily 

reinforced on the front edge and corners. W | | 

Style B is used for elevators inclined over = —— 

30° to the vertical; the high back prevents 

spill. Wear is greatest at the corners, especi- Fic. 24.—Standard malle- 

ally when the buckets dig 'material from the able-iron buckets. 
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Table 12. Standard malleable-iron buckets (see Fig. 24) 
Dimensions in inches Style A Style AA 
Projection Contents, Weight, Contents, Weight, 
Length (L) (W) ps BS) cubic inches pounds cubicinches| pounds 
4 234 3 16 OF S05 as lake cee ch alae <a 
5 3% 3% 36 Te, SOR iat eas oes et are ae eee 
6 4 44% 55 2.50 55 2.75 
ts 4% 5 85 3+BOt cor) Lavo hiateeetel fateh eee 
8 5 5% 115 4.25 115 4.75 
10 6 6% 204 6.75 204 7.50 
11 6 6% 223 6.90 223 7.75 
12 6 64% 246 7.25 246 8.40 
12 7 7M 332 8.20 332 9.00 
14 7 7% 391 9.50 391 10.70 
14 8 8% 509 11.50 509 16.30 
15 (4 74% 425 10.25 425 11.60 
16 7 1% 467 11.00 467 12.50 
16 8 84% 593 gy Gale re Ore ee | tage 5 0-5 ad 
18 8 8% 668 14.80 668 20.24 
18 10 10% 1053 192350" )3 £008 1 ae 
23 We 7% 732 SOG. wit. Seam cre RS eee 
24 8 8% 887 23.00 928 26.00 
| 


boot. Replaceable wearing edges are sometimes used. Lire of buckets under 
varying conditions is shown in Table 8. Sheet-steel buckets are rarely used. 
Buckets are fastened to the belt by special flat-head bolts in one or two rows 
near upper edge of the back of the buckets; Table 13 gives standard spacing. 


Table 13. Standard spacing of bolt holes for malleable-iron buckets. (After Hetzel) 
A,A 
Ai ce Y) f tedrtcdrteAried x 5 
S ° e =| 
—e e e j 
a kprle srkearl 


Number of holes...... 5 7 9 
Width of bucket, in...} 4 5 6 7 8 9 £0) (od, | 2a CG aso 
. ane opetameptyata meter Nuss, oes 33 3 2 (24%) 3 |34%13%/3%14%)38%| 4 3%! 4 
pane ee 1 1 1 1 1 1 1 1 1 1 A, 1 1 
. aores teases: ape eee Pei steer "ie %\ 3% | % | % %| %| % 


Bolt holes 942-in. diameter for Y4-in, bolts, at el one, « 


Soft-rubber washers on narrow strips of belting pla 

the belt protect the belt from qubtihg by teentiiedb Sarai ie ae 
gritty material caught behind buckets. ak bole 

Spacing of buckets should be such that dischargin i 

bucket will clear the preceding bucket. Hetzel’s Sin pale si eerste “ 
spacing are given in Table 14. Increase in speed causes discharge in a ‘ 
nearly radial direction and therefore permits closer spacing. Sluggish slate 
rial requires greater spacing to allow free pick-up in the boot. A dei taie 
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is to space the buckets a distance equal to twice their projection; usual 


‘spacings are from 12 to 24 in. 


Load in buckets is rarely more than half the theoretical capacity. Buckets 
full of free-flowing pulps will 
spill on reaching the head Table 14. Bucket spacing, centrifugal-discharge 

: & Cae elevators. (After Hetzel) 

pulley,causing waste of power. 
In design, buckets are calcu- 
lated one-third full in deter- 
mining capacity and full in Projection 


Closest spacing, inches 


estimating power  require- CRONE Freely-fowing |C0arse or granular 

Reais. inches taterials; erifical material; under- 
_ Discharge of packed or frre ier ee) erate 11) 

sticky material is aided by UG Be 

punching holes or slots in : % 3 ; 

the bottom of the buckets; 3 7 ‘ 

by attaching short lengths of 34 8 9 

chain loosely in the bottom; DS 2 ae 

or by a U-shaped wire with ie - = 

the ends bolted to the belt 5% 12 13 

outside the bucket and the 6 12 14 

bottom of the U projecting ae 2 2 

to the bottom of the bucket 1% Std & hers POeeeeer ted. 

so that as the belt bends 8 16 20 in 

around the head pulley, the Ae iP OT as Be 

wire movesand breaksupthe | = = = | 0 & 


packed mass in the bucket. 
Suspended boards or rods arranged to tap each bucket sharply as it comes 


over the head pulley are also used. 
Power for elevators 


Driving power for elevator belts is transmitted by friction between the 
face of the head pulley and the belt. The friction must be sufficient to over- 
come a force equal to the difference in tension between the tight and loose 
sides of the belt; if it is less, the belt will slip. Stipe may be prevented by 
lagging the head pulley, or by decreasing the difference in tension between 
the two sides of the belt by light loading or tightening the belt. Excessive 
tightening overstrains the belt and brings an excessive load on the head-shaft 
bearings. The angle of wrap on the head pulley is about 180° for vertical 
elevators and slightly less for inclined elevators where the down side of the 
belt hangs loosely. The proper relation between the tensions on the tight and 
slack sides of the belt can be found from the formula 7/7, = 10°-0°75* in 
which 7; = tension on the tight side in lb., 7, = tension on the slack side, 
f = coefficient of friction, a = angle of wrap in degrees. Table 15 gives safe 


Table 15. Coefficients of friction and values of 7,/7»2 for rubber belts on elevators 
with wrap angle = 180°. (After Hetzel) 


Coefficient 
of friction 1/Te 
Glean trom: pulley. 5; 2 smdgens vitro sexeyon 0.25 2.19 
Rubber-lagged pulley.............. 0.35 3.00 
Dusty work, iron pulleys..........- 0.20 1.87 
Dusty work, rubber-lagged pulleys. . 0.27 2.35 
PEE RT, SIO, OSH 4 0.20 1.87 


Wet work....... 
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values to use under various conditions. Dust or water between belt and 
pulley decreases the coefficient of friction. 

Tension in the rising belt (7) is the sum of the weight of material in the 
buckets, the weight of the empty buckets and belt, the pull due to digging 
the load or filling the buckets and friction losses in the boot shaft. Werents 
OF MALLEABLE-IRON BUCKETS are given in Table 12. WricuT OF BELTING may 
be approximated as the product of the width in inches * number of phes 0.03. 
The PULL DUE TO LOADING AND PICK-UP from the boot can be taken as equiva- 
lent to the pull of the load of material in the buckets for a length of belt in feet 
of from 2D to 12D, where D is the diameter of the boot pulley in feet. The 
most favorable condition arises in a slow-speed continuous-bucket elevator, 
which is front fed with prattically no spill; for this a value of 2D may be used. 
For a continuous-bucket elevator for coarse material, picking up a large part 
of its load from the boot, 12D should be used; for front feeding of damp sand 
with little spill, 3D; for thick pulps, 40 to 50 per cent water, 3D to 4D; ordi- 
nary dilute mill pulps, boot fed, which do not settle readily, 4D to 6D; and 
for boot-fed pulps which pack, 10D. Pui pus ro Friction Loss at the boot 
is covered by adding 1 or 2 per cent. of the total calculated pull from other 
causes. 

Tension on the down side of the belt (72) is equal to the weight of the 
empty buckets and belt. 

If the ratio T,/T. thus found is greater than 10°-°758/ the tension must 
be increased by take-up and allowance must be made for the added tension in 
determining the size of belt needed. WorkiNna sTREssEs in elevator belts 
should be kept below 35 lb. per in. per ply for 32-0z. duck and 40 lb. for 36-02. 
duck; in most cases the stress can be kept below 25 1b. Extra plies are usually 
allowed when external wear is great. 


Horsepower to drive the belt = (7; — T2) X belt speed in ft. per min./33,900. 


To determine the horse-pcwer to be delivered by the motor or line-shaft add 
5 per cent. for each speed reduction through belts, chains or cut gears and 
10 per cent. for each reduction through cast gears. 


Design of a continuous-bucket elevator 


To raise 50 tons per hr. of 2-in. material weighing 100 lb. per cu. ft. 50 ft. vertically, the 
elevator to slope 10° from the vertical. 

As the slope angle is small it may be disregarded in calculation. The volume to be 

F : 50 X 2000 
delivered per min. = "t00 x 60 = 16.7 ecu. ft. Assume the buckets one-third full, then 
bucket capacity should be 16.7 * 3 = 50 cu. ft. per min. = 86,400 cu. in. per min. From 
Table 10a15 X 744 X 12-in. bucket has 450 cu. in. capacity. Number of buckets per min. 
= 86,400/450 = 192, As the length of the bucket along the belt is 12 in. a belt speed of 
192 ft. per min. will be necessary, and from Table 9, a 36-in. pulley will be needed. Gap = 


Jaded +/362 4 122 — 36 


5 B= 3 = lin., which is less than //8 and therefore satisfactory. 

If slower speed is desired, a 16 X 8 X 13-in. bucket with capacity = 555 cu. in. gives 
Sih : : 13 X 155 

86,400/555 = 155 buckets per min. or a belt speed of oe = 168 ft. per min. and the 


gap will be 1.13 for a 36-in. pulley or within the limit 1/8. Using the latter size of buckets, 
the number of buckets on the upcoming side = 50 X 12/13 = 48 (approx.). The load due 
to empty No. 10 steel buckets = 48 X 21 = 10081b. The load in these buckets, assuming 
them full, = 48 K 555 X 100/1728 = 1541 lb. The belt width will be 18 in. Assuming 
9-ply belt, the weight per ft. of length is approximately 18 X 9 X 0.03 = 4.86 lb. and the 
weight on the loaded side = 4.86 X 50 = 243 lb. Using a 30-in. boot pulley and assuming 
fair loading conditions, the pull due to digging in boot = the load carried on 6D ft. of belt 
6 X 2.5 
im sp X 1541 = 462 lb, The total tension on the loaded side = 1008 + 1541 + 243 


' 
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+ 462 = 3254 lb. Add for friction between 1 and 2 per cent. say 46 Ib. and T; = 3300 lb. 

The tension per in. of width = 3300/18 = 183 lb. and with a working tension of 25 Ib. 
per in. per ply, 183/25 = 7.32 or 8-ply belt will be needed. The head-pulley diaineter in 
inches is 4.5 times the number of plies, which is satisfactory. The exact weight of 18-in. 
8-ply belt with 36-0z. duck is within the value assumed above. 

Tension on the down side of the belt will be 1008 + 243 = 1251 lb., hence 7j/T. = 
3300/1251 = 2.64 and the coefficient of friction should equal 0.309 (from the formula Ty/ T= 
1909-00758 7a) A rubber-lagged head pulley should be used (see Table 15). Since a wide 

allowance was made in taking the tension on the rising side that due to full buckets, there 
should be no slip under normal working conditions. 

Horsepower to drive the belt = (3400 — 1251) X 168/33,000 = 11 hp. Add 10 per 
cent. (= 1.1 hp.) for reduction by cut gears and 5 per cent. (= about 0.6 hp.) for belt drive 
from motor to pinion shaft; the motor power required will be 12.7 hp.; a 15-hp. motor that 
will opezate at high efficiency over a wide range should be chosen. 

Size of head shaft. The total weight to be supported = the load due to belt, buckets 
and load on the loaded side, 3400 lb., + belt and buckets on the empty side, 1251 lb., + 
a 36 X 20-in. pulley, 660 Ib., + the shaft (assumed), 200 lb., = 5511 1b. Assuming 4-in. 
clearance on each side of the pulley the thickness of the housing as 2 in., and placing 16-in. 
bearings just outside the housing, / = 20+ 8+ 44+ 16 = 48in. d3 = 5511 +48/1963.5 
= 134.8; d = about 5.12 in. The nearest standard size of shafting is 53(6 in. 

Design of centrifugal-discharge elevators. Similar procedure should be followed except 
that in addition belt speed and bucket spacing must be such as to give satisfactory discharge. 

Performances. For elevators at REPLOGLE STeEu Co., see Sec. 2, Table 62; at New 
Jersey Zinc Co., Sec, 2, Table 85, See also elevators in the various flow-sheets in Sec. 2. 


Cost 


The principal item of cost other than power is belt and bucket replacement. 
Table 16 (62 A 116) gives details of the cost for elevating fine thick pulp 55 ft. 


Table 16. Cost of elevating pulp at Tonopau, BrLMontT 


149 ft:of/20n\\ Balata belt! @ 2:80.) asia Alii. $392.70 
BOLD UG et sie) 2100 weer rake set aa crcaaace mute uydhaaeee ie peace tte 104.40 
DLO FOV ACOR DOUG he. 8S Mena yt Bees as okema sles avecas: aye 6 20.24 
Aw ANS CR Spieler, shea ae te oeartiar tania 0.83 
AN SA GElals? SIRGLE WAALS. ARUAL Le chee tarel > chk sdoblnte ohbdete chats cha 22.22 
Zio erinsishatts.tteey seipei tidagietrih ab Sheree. anes 4.36 
SAO DI belt vee tira ak eA A tae Re ee ae oO chases ac 5) rgd 12.30 
HEAD OU COnMS (al Me Wa DEG amrcrcrstee occa aswel era ShdnaveLersia tse 193.41 
MRED ALTA D Olse cto be soi Mette oho ore ene at Mane a aeons 107.12 
Power at $8.82 per hp.-mo. (7.3 hp.)......-...... &. Rake 772.56 
Chain drive (replacement)e. ad5n4A aevi4 «yosqyorors peogh «ar sye dco 104.85 

DT Gtalhats ctadieobsauab this Be ei eeG.= fais « $1,734.99 
Wies tons clevated! -eixy erence, wel. owe 2 1,045,162 
OSES PEI COMMING Tues INTEL te.» atten cht Al th. Metin OSID 8 $0.00166 


At Catno Coppmr Co. (112 J 806) the cost of elevating tailing during the sixteen months 
prior to Dec., 1920, was $0.01954 per dry ton. The lift was about 40 ft.; average tonnage, 
5000 dry tons per 24 hr. in a pulp containing about 15 per cent. solids; dry tons elevated in 
16 months, 2,459,300. 

At Miami Copper Co., in 1915, two 24-in. bucket elevators in the coarse-crushing plant 
handled 1,348,122 tons of — 34-in roll product. The cost of maintenance per ton was as 
follows: Belt, $0.00104; buckets, 0.00025; miscellaneous supplies, 0.00044; labor, 0.00031; 
total, $0.00204. 

Automatic skip hoists, which are used to a considerable extent in feeding iron blast- 
furnaces and in raising water from shallow mines, have been used at one plant, viz.: ALASKA 
Gastinnau (Sec. 2, Fig. 75) for elevation in the roll-screen circuit. For performance see 
Sec. 23, Art. 6. } 

Bibliography. F. V. Hetzel, Belt conveyors and bucket elevators, John Wiley & Sons, 
New York, 1922, contains a very complete discussion of belt elevators. See also A. 0. Gates, 
102 J 4; 96 J 725; and E. 8. Wiard, The theory and practice of ore dressing, McGraw-Hill 
Book Co., New York, 1915, 
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9. Chutes 


Chutes are steeply-inclined rectangular troughs used for transportation of 
dry or nearly-dry ore by gravity; they may or may not be covered. Vertical 
chutes are usually equi-dimensional and are closed on all four sides. Round- 
bottom chutes are sometimes used for transportation of coal to lessen breakage. 
Chutes are usually made of wood, lined with some wear-resisting material. 
Steel is frequently used for vertical or nearly-vertical chutes. 

Chutes must be well supported and rugged enough to stand the shock of 
material passing through; they must be large enough to pass the desired ton- 
nage, and slope enough to keep the material moving. Covered and vertical 
chutes should be made with removable covers to allow access for replacing 
lining or relieving stoppages. 


Liners are always placed on the bottom and frequently on the sides of inclined chutes; 
yertical chutes are lined on all four sides. Materials used for lining are sheet steel, cast iron, 
chilled cast iron, manganese steel, steel rails, old iron or steel, wood, rubber or concrete. 
In some cases chutes are built in steps and material is allowed to build up; no lining is then 
needed. 

Chute linings in anthracite breakers have commonly been sheets of blue annealed iron, 
(66 A 422) but these are rapidly corroded by acid water. Galvanized sheet resists corrosion 
and permits lower sliding angles. Vitrified clay pipe makes excellent lining and wears 
indefinitely. Glass has been found too brittle. Hupson Coan Co. has used Corrosiron 
(cast iron with about 12 per cent. Si). It is made up in flanged U-shaped sections, 18 in. 
wide and 2 to 3 ft. long, both straight and spiral. At the Loren breaker this material had, 
in 1920, already outlasted ten sheet-steel linings and bade fair to last indefinitely. When new 
the surface is rough, hence the minimum angle is greater than after the chute has worn 
smooth. This difficulty is overcome by setting the chutes on the final slopes, lining with 
sheet iron, and removing the lining a sheet at a time, beginning at the lower end. 


Size. The wipts of a chute should never be less than three times the size 
of the largest piece which it is to carry, if free running is desired. No definite 
rule can be set for the cross-section of a chute to carry a given tonnage. The 
width is usually fixed by the size of opening from which the chute takes or to 
which it delivers its load; DEPTH is usually made much greater than the depth 
of the stream both to prevent bounding out and for convenience in construc- 
tion. 

The minimum slope at which material will flow freely in a chute depends on 
the coefficient of friction between the chute lining and the material. 


Holbrook & Fraser (Bul. 284 USBM 42) found that sliding angles on smooth steel 
surfaces varied not only with hardness and specific-gravity but also with the shape of the 
fragments. See Sec. 5, Tables 18, 19, 21 and 22. Cubical or rounded pieces slide at smaller 
angles than flat or wedge-shaped pieces. The distribution of pieces of different sizes in the 
materials is important, especially if moisture is present; very fine material tends to cakeand 
retard motion; in general, sized material will flow on a flatter slope than unsized. Sarp 
SLOPES are greater than the angle of repose of the material; if smooth liners are used, such 
slopes are greater tnan those necessary for sliding on the lining, but the chutes will not clog 
if the lining becomes rough and uneven. General practice is to make slopes for dry material 
at least 40 to 45°. Too great slope causes excessive bounding with resultant breakage of 
material and excessive wear on liners. Convergence of the sides of chutes is to be avoided; 
if unavoidable, the chute must be designed so that the inclination to the horizontal of the line 
of intersection of the side and bottom is equal to or greater than the angle of repose of the 
material or the sliding angle, whichever is adopted as the minimum slope. Table 17 giyes 
performances of various chutes. 

Chutes for coal breakers are designed to reduce breakage of coal. This breakage may 
amount to as much as 10 or 12 per cent, of the total material reduced from domestic to 
steam sizes in the passage from jigs and sereens to and through the loading pockets. For 
vertical drops, spiral chutes (Fig. 25) are commenly used. An automatically controlled 
box chute (Fig. 26) is also frequently used. So long as coal is traveling freely in the upper 
inclined chute, the counterweight keeps the hinged chute in the position shown and the 
bottom gate closed. When the vertical shaft is filled and coal begins to back up in the upper 
inclined chute, the weight of the coal depresses the hinged chute and opens the bottom gate 
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CHUTES 


Table 17. Chutes in various mills 


1087 


Dimensions of chute 
Ore Size of pieces Slope, degrees 

Width, Depts: and minutes 

inches inches 
Magnetic iron ore......... —4-in.+2-in. 24 24 45-0 
Magnetic iron ore......... — 2-in,+1-in. 10 8 45-0 
Magnetic iron ore — 2-in.+ 34-in. 12 10 45-0 
Magnetic iron ore......... — 34-in.+ 3%-in. 10 8 45-0 
Magnetic iron ore......... — Y-in. 10 8 45-0 
Porphyry copper ore....... Coarse crushing plant 45-0 
Low-grade copper ore...... — 34-in. 12 10 Almost vertical 
Pungsten ‘Ores. fee vow ee Run-of-mine 24 24 30-15a 
Tung stem Ones eras «iste. is —24-in. 12 24 39-47a 
Missouri lead ore.......... Run-of-mine, 29 166 Vertical 

s — 24-in.+7-in. 
Missouri lead ore.......... — 2-in.+9-mm. 18 12 26-34 
Low-grade gold ore........ —2-in. 22 20 43-0 
Low-grade gold ore........ —10-mesh 11% 10 47-06 
Lining 
Tons 
Ore handled 
pens be. Material Thickness, | 7 ite, days 
inches 
Magnetic iron ore......... 900 CCC cee cease Pek oe 4 50 
Magnetic iron ore......... 960 Chilled iG Ae Woe hw Wy 60 
Magnetic iron ore......... 800 c Cd eh St (Geneay Re 
Magnetic iron ore......... 800 Chie WL. Sac ee eat ots Vy 100 
Magnetic iron ore......... 800 Chijled:(@ Shee we ae A 100 
Porphyry: copperiore so) 0500] hal ee. Steel platens cana dockiie {6 30-45 
Low-grade copper ore...... 350 Ch. Sais. oer, piniqunas 22izh 120 
MPungsten) ones 4.16 wos. 0a 300 Steel wads «vane! LAS 8. BN Sheet ats ek, MIRE 
Pungsten: ones. se Gecsee.. 300 Steelioe Oe at LS eee ee 365 
Missouri lead ore.......... 800 HO=lby SUSE UAUG ar remerey oe lage Mme cere { abide 
Missouri lead ore......... 1000 Mi tpramese ebee lie. 8 a5 scuil ssa ta and. Wea! oases os 
Low-grade gold ore........ 5000 Boiler plate and roll steel 1 365 
Low-grade gold ore........ 833 CPLIREV EL AEP AEEN UL UT 8 183 
a Occasional clogging. 6 Clogs 


when moisture is over 6 per cent. 
c Bottom made in steps; material 
piles up between the steps and pro- 


tects the bottom. 


Fig. 25.—Spiral chute. 


Fic. 26.—Telegraph chute (after Ashmead). 
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and flow starts again. If the vertical shaft is round, breakage is least. WuiTm CHUTE 
(Fig. 27) is an automatic device for regulating the flow and fall into loading pockets. The 
counterweighted traveling carriage A is placed in position over the chute as shown. It is 
fed by an automatic control chute B, the control mechanism consisting of a balanced float H 
which connects by means of link rods with a tilting lip C. When coal is flowing down chute 


i] Automatic B 8" wheels, 37,’ axles 
control cotter-pinned 


Vertical telegraph — 


Rod N is adjusted by moving F to desired position before nailing. Position of gate @ 
is adjusted to suit conditions by moving lever C to any desired position and holding with set 
screw. Hole for rod K is located by trial so that float H balances with front on chute and 
back 14 to 3 in. off bottom, according to size of coal. 


Fie. 27.—White automatic chute control and bin loader. 


B the float lifts and thereby depresses the lip C and coal flows into the loading pocket. In 
the pocket the pressure of coal against the board L backs the movable chute A up slope and 
thereby permits complete automatic filling of the pocket with but little breakage. Accord- 
ing to Ashmead (66 A 422) tests have shown 5 per cent. reduction in pocket-loading breakage 
due to this type of chute, It is to be noted that the control mechanism is adaptable to 
any chute, 


10. Launders 


Launders are narrow, inclined troughs used for transporting mixtures of 
pulverized solid and water by gravity flow. The solid is carried either by sus- 
pension, by sliding or rolling, or by a series of leaps or jumps, termed saura- 
tion. To obtain free motion of material in a launder, the slope must permit 
sufficient water velocity to overcome the inertia of the solid material and fric- 
tional resistance. The inertia of the solid particles varies with their size and 
density. Frictional resistance varies with velocity, the kind of lining, shape of 
launder, amount of material, proportion of solids in the flowing stream and 
the size, shape and density of the solid particles. Where particles are carried 
cither by sliding or rolling the roughness of the lining may have important 
effect; if very smooth, angular pieces will probably slide and friction increase 
while, if the lining is somewhat rough, the same pieces may roll or progress by 
leaps, with less friction loss. Very fine material is carried in suspension even 
at low velocities and with increasing velocity coarser material is held in sus- 
pension due to the more violent eddy currents. When velocity is low and 
the solid particles coarse, most of the movement is by rolling or shding; ‘as 
velocity increases, the movement is more by leaping with the finer particles 
going into suspension. Increase in the amount of very fine material in sus- 
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pension causes increase in density of the mass and the larger particles trans- 
ported by rolling or jumping are more easily moved because of the buoyant 
effect of the denser medium. The velocity of the water is least at the bottom 
of the launder and increases, in a given cross-section, to a maximum at the 
surface of the stream. 

Where solid material is carried only by rolling, the large pieces (extending 


_ higher in the stream) benefit by the higher velocity of the upper levels and tend 


to be carried faster than the finer particles. However, the path of a single 
small mass of liquid is not a straight line parallel to the axis of the launder 
but really sinuous, curving up and down and in and out from the sides. In 
this respect the flow may be considered different from that of a comparatively 
thin stream on a gradual slope, not narrowly confined. Roughness of the 
lining increases sinuosity of the stream by causing eddy currents. 

When material fed to a launder starts practically from rest, the velocity 
at which it travels increases due to the component of gravity acceleration 
parallel to the bottom of the launder, reduced by frictional resistance both 
within the mass of flowing material (viscosity) and between the flowing mater- 
ial and the sides and bottom of the launder. Velocity will increase to the 
point where frictional resistance equals the gravitational force, thence 
onward the velocity will remain constant provided slope, shape, lining, 
etc., remain the same. Experimental evidence indicates that maximum 
velocity is quickly reached in launders on moderate slopes, and it is probable 
that in most cases launders are so fed that the initial velocity is close to or 
even greater than the velocity that would be reached starting from rest. If 
a launder of even slope is capable of holding solid material in suspension over 
the period of acceleration, it is capable of carrying a larger load after constant 
velocity is reached. Practice recognizes this by increasing the slope for a 
short distance at the head end; velocity is thus quickly increased and full 
advantage may be taken of the carrying capacity of the stream at constant 
velocity. 

Calculation of minimum slope and proper size for a launder to serve under 
stated conditions is difficult because of the number of empirical constants 
needed. Considerable experimental work has been done, but the materials 
handled have been different in all cases and the variety limited in each instance, 
consequently widely divergent results are presented.. Reports on working 
launders are not easy to analyze, since the slopes used are generally on the safe 
side and there is no clue as to the minimum slope. Tabulation and study of 
information available on about 150 launders carrying almost every variety of 
ores, concentrates and tailings failed to reveal more than broad generalities as 
to the influence of the various factors. 

Velocity of the stream furnishes the force to move the solid which is to be 
transported. Velocity is either initial or that imparted by gravity. Retarda- 
tion is due to frictional resistance or obstructions. Frictional resistance is 
decreased by making the cross-section of the stream such that the wetted 
perimeter is least per unit area of cross-section; by using a smooth lining; by 
varying the proportion of solid and the character of the solid. In general coarse 
material requires greater stream velocity than fine; heavy material greater 
than light; thick pulp greater than thin; angular material greater than 
rounded. Very rough lining and breaks at joints in the lining obstruct free flow 
by causing irregular movement in the body of the stream; their effect de- 
creases with increase in depth of stream. ; 

Slope. Figs. 28 and 29 show the recommendations of various experimenters. 
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Fig. 28 curves (A) and (B) are the minimum slopes determined by Blue 
(8/ J 636); curve (A) is for beach sand and curve (B) for angular mill tailing 
with some slime present. Curve (C) gives slopes found suitable by Caldecott 
(14 JCM 486) for launders carrying sand containing about 4 per cent. pyrite, 
10 per cent. of the sand being retained on a screen with 0.01 in. aperture; 
these values were calculated from the empirical formulas: W = 12/(@ — 1); 
P =100W/(W +1) and G = (W + 12)/W, in which W = ratio by weight of 
water to solids, P = per cent. by weight of water, G = slope of launder, per 
cent. Curves (D), (J), (K) and (L) were plotted from results obtained by 
Browning (29 M & M 300); (D) is for —10 + 30-mesh limestone tailing 
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Solids’ in stream, percent. 
Fie, 28.—Relation between percentage of solids and slope of launders. 


(40 per cent. +20-mesh and 60 per cent. —20 + 30-mesh) in a rectangular 
wooden launder 2}4-in. wide; (J) is for —40 + 60-mesh pyrite table concen- 
trate in a wooden launder 21%-in. wide.; (K) and (L) are for —4 + 8-mesh 
ordinary rounded pebbles, () with glass lining and (Z) with wood. Curves 
(EZ), (F), (@) and (H) were plotted from a table by Julian, Smart & Allen 
(Cyaniding gold and silver ores), for sand of predominating size of 0.005- 
0.01-, 0.025- and 0.05-in. respectively. Caldecott and Powell (14 JCM 121) 
state that sand pulp will flow slowly with 30 per cent. water on.a 30 per cent. 


slope, with 40 per cent. water, on 20 per cent. slope and with 60 per cent. water 
on a 10 per cent. slope. 


The wide divergence of the curves is due to the variety of materials and conditions, The 
largest size investigated was 4-mesh rounded gravel. Fig. 29 (2 RMP) shows that the 
slope varies approximately as the square root of the particle size. The values from the curve 
are said to give velocities of 7 to 10 ft. per sec. The points off the curve are plotted from 
actual operations; most of them fall on the safe side above the curve; most of those below 
were dilute pulps (under 15 per cent. solids) but three ranged from 25 to 33 per cent, 


| 
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Use of Curves. Bear in mind the characteristic of the particular material to be carried 
and err on the safe side; if insufficient slope is provided water must be added, which may be 
wasteful or undesirable in subsequent treatment. 

GizBert (PP 86, USGS) summarizing experiments on the carrying capacity of water in 
| flumes, stated that much of the movement is by rolling or sliding, especially when the cur- 
| rent is slow and the solid coarse; that with a swift current or fine solid the particles travel by 
saltation and the finest material is suspended. When the principal movement is by rolling 
| or sliding, the capacity of the current increases with coarseness of the solid material, up to 
| the point at which the current is barely able to start the particles. When the principal 
movement is by saltation, the capacity increases with fineness of solid up to and probably 
| beyond the critical fineness at which the solid goes into suspension. 
| Buvn’s experiments (84 J 536) were carried on in a U-shaped sheet-iron launder, 50 ft. 
long, 5 in. deep, with semi-circular bottom of 2-in. radius. Two classes of solid material 
were used, (a) beach sand (77 per cent. — 40- +80-mesh; 1 per cent. —100-mesh; average 
size about 60-mesh), (b) sharp quartz sand containing varying amounts of clayey slime, in 
the proportions of about 10 per cent. of slime and 90 per cent. of sand; the sand aver- 
aged about 80-mesh, 90 per cent. —40 and 10 per cent. —200-mesh, Various mixtures of 


Size of particles, in 


3 


Slope, in. per ft. 
om 
Slope, in per cent, 


— 


6 
rere se Po) ol ai as 3) 9 0 Fil tle 3. 14) 6 to 
Size of particles, mm. 


Fie, 29.—Relation between size of particles and slope of launder (after Schmitt, 
2 RMP). 


30 colids with water were fed and observations made at the slope when the “east 
Rare ste chatty of sand just began to fall to the bottom.” Depth nes measured Ae 
Vo in.; rate of flow and the proportion of solids by volume were determined y time series 
taken at the discharge end and average velocities were calculated from these data. e 
results with beach sand indicated that the proportion by volume of wet solids in oot sre 4% 
varied as the square of the slope S or, 3 = hv/q. The sand-slime results ae song u 
less concordant; they indicated that with slime present more solid could be carried on a 

i i rj unt of water. 

ine of hate paaatite was determined to be 0.186 for the beach sand and 
0.091 for the sand-slime mixture. Blue also used his results to calculate roe te ve 
COEFFICIENT OF ROUGHNESS, 7, in Kutter’s formula by solving for Reve thee oa. aay 
ju the Chezy formula (Sec. 27, Art. 28) and substituting in 9) es ae a (Sec. 27, Art. F 
The values of n obtained indicated the relation, n = 0.0125q™ for beach Bee a 
n= 0.010599: for the sand-slime mixture. These values of n can Be used eed = ie 
roughness of the launder is about the same as that of the sheet-steel channel use big ae 
case of beach sand, an ill-defined relation exists between v and a Soe io ae ee 
experiments covered slopes varying from 0.107 to 0.008, proportions o ‘f 1 ss Ve Seg es 
0.0022 to 0.350; and depths from % in. up to 334 in. Calculated values . — om 
72 2 to 135 and of n from 0.0080 to 0.0123. For the sand-slime mixture or es ee 
from 0.052 to 0.009, proportion of solids from 0.277 to 0.013, depths from % in. to 334 in., 


C from 70.0 to 128.0 and n from 0.0090 to 0.0118. 
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Juan anv Smart (Cyaniding gold and silver ores, J. B. Lippincott Co., 1921) calculate 
the size of launders by use of the Chezy formula (v = C+/rs) assuming a relation between 
width and depth to obtain the minimum wetted perimeter (for rectangular launders width 
= twice the depth) and making C = 80, which is an average value obtained from actual 
measurements of flow in launders carrying slime overflow and average stamp-battery pulp. 
Then if.w = depth of the stream in ft., 2w = width, 2w? = area of cross-section, 4w = 
wetted perimeter, r = w/2, and » = Cv/ws/2. If Q = cubic ft. per sec., Q = 2vw? = 
2Cw2/ws/2 or Q2 = 2C2wis, whence ne 

5 2 5/92 
a= 2 = 0.151 e 


Any relation between the 
width and depth of the 
stream may be assumed; vari- 
ous assumptions should be 
tested until the size determined 
is best for the conditions at 
hand. In the construction 
of small wooden launders the 
width is influenced by the 
widths of good lumber avail- 
able without ripping or making 
a longitudinal seam down the 
center. 

Table 18 (Gilbert, PP 86 
- USGS) is of value in determin- 
‘ ing dimensions, using Julian 
and Smart’s method for caleu- 
lating launder size. 

Ricwarps (3 OD 1592) 
gives Fig. 30 from Overstrom’s 
data. The most economical 
water quantity is determined 
by following the ordinate for 


0.8 A-B Most economical flow of water 
ba in pounds per minute per 1-inch of 
width of launder ——~| 


Hi 2 


eA Per 
—-1-2'4 Ib, per min. per in. of width 


—-+-5 n yoy ea 


” 4 
Ce ee i—> 


===420) 2) 27 ay 9 a 


el ” rd £9 TGIF n Be 
0.5 : 


0.4 


03 


Pounds of sand moved per pound of water 


a given slope to its intersec~ 
02 : | tion with the inclined straight 
; im itl line on which weight of water 

is indicated. The weight of 

sand that 1 lb. of water will 
0.1 


p | ati il transport is then found by 
Ray j | rete rt le tl following the same ordinate 

0.05 yn om to its intersection with the 
0.025 | “AZ 22s curve for the economical 
0 25 50 75 1. 2. apsin Cape SAN ARE aio And. enendli og 
nes on e left-hand scale. fe) 

Slope in inches per foot find the width of launder in 

Fra. 30.—Launder flow (after Overstrom and Richards). inches divide the total weight 


of sand to be moved by the 
product of lb. of water per in. of width and lb. of sand moved per lb. of water. 


Table 18. Depth of water in a rectangular wooden trough (planed and painted) 


12 in. wide 
Discharge, : 
Discharge, cubic feet Slope, 
cubic feet per second feet Peis teal 
per second per inch of | per foot ft 
width 
0.363 0.032 0.01 0.12 1.44 
0.363 0.032 0.02 0.096 LL152 
0.363 0.032 0.03 0.082 0.984 
0.734 0.061 0.01 0.194 2.328 
0.734 0.061 0.02 0.154 1.848 
0.734 0.061 0.03 0.136 L632) 
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The diagram was plotted from experiments with quartz from 40- to 150-mesh flowing in a 
wooden launder 214 in. wide. It indicates that the amount of solid carried is independent 
of the wetted perimeter. The curves indicate that there is a certain quantity of water for 
each slope that will carry a maximum amount of solids per lb. 


; Launder performances are given in Tables 19 to 22. Table 19 shows 
limiting values of slope for each class of material. Cananza ore (Table 20) 
consists of copper sulphides, native copper, garnet, sphalerite, galena and 


| oxides and carbonates of copper in gangue of limestone, quartzite, quartz 


porphyry and diorite country rock. ANnaconpa ore (Table 21), see p. 82. 
The slopes given are not necessarily minimum but were considered safe; extra 
headroom was utilized when available. Lucky Ticamr ore is a complex sul- 
phide (Table 22). 

Shape of launder. Frictional resistance can be reduced in flumes or con- 
duits for water by making the shape of the channel such that the wetted area 
is the smallest possible for the volume flowing. This is accomplished by mak- 
ing the bottom semicircular which gives the smallest wetted perimeter for a 
given cross-section. The same thing is true in transporting pulp in launders, 
when the solid material is practically all carried in suspension, but when the 
solid material is carried wholly or in great part by rolling, a semi-circular 
bottom restricts the area available for free motion of the particles, and a 
rectangular cross-section is better. Gilbert found that rectangular or box 
flumes can carry more coarse solid than semi-cylindrical flumes of similar 
width and the same flow of water. Reduction of wetted perimeter to a min- 
imum leaves minimum area exposed to the abrasive action of solid material 
in the stream and liner consumption is thus decreased. But the condition of 
least wetted perimeter may not always be most, desirable. Where com- 
paratively coarse material is transported, chiefly by rolling or sliding, it may 
be advisable to use a shallow stream, only slightly deeper than the size of the 
largest pieces of solid; increase in depth beyond this point increases the 
amount of water used but only slightly increases the effective velocity in the 
lower zones of the stream. Gilbert, dealing with relatively coarse material in 
flumes, found that up to a certain limit, varying with conditions, the carrying 
capacity of the stream increased with increasing relative width of channel and 
concluded that the ratio of depth to width for highest efficiency under such 
conditions would rarely be greater than 1: 10 and often as small as 1 : 30, 
but that on large operations the width would usually represent a compromise 
between efficiency and cost of construction and maintenance. 

The use of wood for launders leads naturally to rectangular cross-section. 
Triangular-shaped cleats nailed into the corners of wooden launders make the 
shape of the bottom approach semi-circular. V-sHAPED LAUNDERS of wood are 
used to a limited extent; the advantage lies in the simplicity of construction. 
The shape may be easily made whatever is desired when sheet steel or cement 


is used. 


Reinforced-concrete launder (Fig. 31) (96 J 22), was designed to carry overflow water 
400 ft. It was cast in 16-ft. sections. The concrete mixture was 3 parts of 5¢-in. jig 
tailing, 3 parts ordinary mill tailing from 14-in, to. 10-mesh, one part fine sand and one part 
cement; the bottom was 2% in. thick; the sides 3 in. at the top, increasing to 5!4 in. at the 
bottom; a 4 X l-in. ridge was carried along the bottom on each side; strands of worn 
hoisting rope were used for reinforcement. Single 14-in. strands were run along the top 
and two double 1-in. strands were placed along the bottom on each side. These were 
wrapped with wire about 5 ft. from the ends and two single strands, one from each pair, 
were taken up to the top of the side (C to A) while other two strands continued to the end of 
the section. Hooks (A) of 3%-in. rod threaded at one end were used to draw the strands 
tight. Pieces of 1 X -in. strap, (B) were put in at 18-in. intervals; at every other strap a 
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Table 19. Minimum slopes of launders 
Size of 
re Seu launder, 
Ore Size of particles |  § width X 
weight | {onthe 
Primary millito classifiers tin.cwsl. «ss 2en) tess = te — %-in. 50 114%x10 
Secondary. mill to classifier. ...6 6s... 002 coe — 20-mesh 50 114x10 
SA cy See iO Se erst scant Reh BR trace taut a Arsen — 65-mesh 40 113% x9% 
all. mill to, Classuer oop acta nin 61S caeienn «ales e) «210 44%+60 25 12”” wide 
Cleaner-flotation concentrate..............++0-: 98% — 100 20 10’ wide 
Heavy hematite Trommel to conveyor....... +2 in. LOO geil ohnatecsnee tae 
in taconite Apron under trommel....... —1\-in. LOO) 2) OR BOSS cs 
and quartz . PWable-feed enc: wazia alk clas i — %e-in. BO. + otk: are teeoeee 
All —40-mesh Cpl 
Hone Sy Cask “aah ey ia Ne aoe A Agee dee ee } 50 | 8” wide 
$670 Ae thos 6 | a/ak vide 
Porph copper ore—sp. gr. 2.7 55.47% — 200-m. 
orphyry copp DALES e ates Pree te tat Bey * 
19.26 —200-m. |{ 19  fevess-ees 
—0.6-mm. 
{ with slimes } 3% TA X9 
Mablevcomeor teaver sc jc ce tuned ciel<le oss. ie, c us yieths. ; =) O-Mail erako sk ueulbos's <- oe aesiate 
Primary table concentrate...........0s.000eee, =4.F-mm. SP SP, 734 x9 
Weneral tatliaiee . 10. 6h Woe divas celal ete} eds Oe -—0.6-mm. 30 13X7 
ormams 40 12X12 
Se Sieh bake) eur sy 2+. Cine ial me aie MUP = © 4 +2-mm. 
Galena in oe —2-mm. 
tanesdans Table tailing. <(..)5.. -fe«.- +. 4£50-mesh 50 8x6 
ates 
Table concentrate........ + feélineck 85 4x4 
Gold ore.» —Gangue,- quarts oboe of sae og urdiiaccte « » 1-mm. 15 44X22 
. = vf es — 
Mill feed. ...... eI LIEW, SOLAS it et 30 16X12 
Concentrates. < .awelsiews« rsa sitesove! he negstion ch ouemekencberne= —7-mm. 20 129. 
—100-mesh | 16 16X9 
ei herigeneirendiy-<stetieentteeMa AD cated?) Bea Met 18 xe 
Concentrate S MEIER S TERT BIE RTO Y.OS. BAGS SISA). GES 2a See eee 
AL DER Rais SHEP cs GE PNB Re OOS OTE CRO TE — 14-in 0.4 36 X12 
Mlb feediet. 2eicharg see ssalsqary wy-ctneemes one — 1-in 40 12x8 
PEP CORCEMUCATCr th «ns 5 cease ties cuca charet ial Gia © See 7-mm 10 SXT 
Galeonca Jrg*tailme Ott Sesh alee pot \ 25 30X10 
limestone gangue } Jig and table concentrates... —A-mesh 10 22x10 
Slime. ....:..< Aes Bes —80-mesh 5 30 10 
— 34-in. 50-70 |15144x13% 
mys aces [1373 % 1338 
—74-m, — 13} 113 
Concentrate 2, Soe MAES. MES EEO oes —0.087-in. Tre ee ee 
INS SE 0 Cal. rains ak aalsce Stole ctdta dicots weet ‘ S710} O87 pel prose alts « dorueuh: 
RunsOl-minh) ones. aides ereieieraus « <:5iehelv dp ais/sidere «Si —10-in. Dry 24X24 
24%-in. Dry 1224 
— 6-in. 12-16 12X12 
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for various ores at different plants 


Slope of | Depth 
launder, of Kind of Tons solid R ; 
inches | stream, lining per 24 hr. emarks Mill 
per foot | inches 
fee, Bier te ee 1000 
| 1% ect 2 tage Bikini 1500 Too flat....| Utah Consolidated 
| al Gee ent ke 1050 
SU AIGe ein No lining... 1200 Silver Dyk Neihart 
} WS) ed Ont No lining... 15 } Granular OES { Mont. a ae as 
| 38% 
| MLR eS eeie Rosier liga teveteronatecara cored lets Peete Sronsilhetey speteustressteReieke Tron Mountain, Tron 
214 Mountain, Mo. 
”"- Unlined flat 
% a 
go x ae bottom.... 100 Taahispeee ea) WLOgul wvLinime Oo. 
| Osama PS hohe ah de | sae eer ol anes ee 15,000—18,000 
Ss cesta FO TRS ee cee an Inspiration Consolidated 
S4IE aw limare, o'le é Sheet WON sah es = 3 cae one Copper Co. 
OT 2G NE del ote. dle i|iaye ovoee sae by Be tl Meare eee Paw ciate awtemlar tsp 
0.56-in. per ft. 
NOS Rae aes a8 Wood-block<|=.0...5... requires Shattuck Arizona Copper 
much water Co. 
EO snr ee ceteicce Casthiron F285 3c steers 0 (Sorat ets Ore ae 
OTS HEF. Sesser Wiood-block.| caw mneuneet ew ETT 8 
2% 1:0 Cast iron... 150 
1% 1.0 Cast iron... DO! |) cokes 5 St. Joseph Lead Co., 
Bonne Terre, Mo. 
4 YY Cast iron... 5 
0.38 4 20 Siar 3, see see SOOO SS tors Seioese cs Alaska Gastineau 
ANE ME rails sta. ths Cast iron... 1000 ote! es 
<f Teen me Gk Mir CIV ie Scans Steins octezuma Copper Co., 
so ShEL. | Nebone. | > 50 Nacozari, Sonora, Mex. 
V2 { Minimum { Sunnyside Mining & 
Dean | Bl: gecccna besa fimum || { Sunnyside A 
Wy 7 Tank steel. . TSOOE Ballater crce ae Copper Range Co. 
6 1 Cast iron... 625 \ Bunker Hill & Sullivan 
2% IES Cast iron... CN Oi pdm igi \ Mining Co. 
2 3 Cast iron... 1800 
Sopeaie Ate wy Ae 3 Federal Lead Co., Flat 
2 1 Sheet steel. . 100 River: Mo 
546 414 | Sheet stecl.. 500 , : 
234 38 white iron. . cok a SR 8 id | 
2 2 oncrete.... ound bottom : ., Hur- 
334 4 Concrete....| 2000-2500 | Round bottom a a ae: &X a 
1% elles tee hates. Oia ies Sores 
| aR eee Oe Beene) kee ae ere a eT TaN er! iewert 
76 P 
10 Occasional : 
0.72 clogging. .| Tungsten Mines Co. 
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Table 22. Launders at No. 2 mill, Lucky Tiger Mine, Sonora, Mex. 


Size of 
launder, Slope, Ratio, 
Material handled inches pee ob Size of material 
foot | water 
Depth|Width 
Stamps: to classifier); sas cnie a-eriee 8 8 y% 1:6 |47.8%—200 mesh 
Classified coarse sand to Wilfleys... 6 6 % 1:3 | 20-mesh 
Classified fine sand to Wilfleys........ 6 6 34 1:3 | 60-mesh to +200- 
mesh 
Slime to dewatering tanks............. 8 8 4% 1: 20 | —200-mesh 
Thickened slime to Deister tables...... 6 6 3% 1:4 | —200-mesh 
Sand tailing from Wilfley tables....... 8 8 1 1:5 | 20-mesh 
Middling from Wilfleys to pan......... 4 4 1 1:2 |84%+40-mesh 
Concentrate from Wilfleys to bin...... 6 4 oR eee ee 40-mesh to 200-mesh 
Slime tailing from Deister tables...... 6 6 3% 1:7 | —200-mesh 
Middling from Deister tables.......... 4 4 % 1:4 | —200-mesh 
Concentrate from Deister tables....... 6 4 la a He — 200-mesh 


piece (C) was run across the bottom with a slight turn-up at each end. The bottom was 
reinforced longitudinally by three 14-in. strands above the straps. Forms of l-in. board were 
built up as shown; the bottom form (D) was supported on wedges (F), made by ripping 


Cross section Side elevation Longitudinal section 
Fic. 31.—Reinforeced-concrete launder. 


2 X 10-in. hardwood planks, 16 ft. long, diagonally; it was easily removed by knocking out 
these wedges. The inside forms were held in place by 4 X 1-in. iron braces (O), so arranged 
that the forms could be swung in and held in place away from cencrete when removing by use 
of extra holes in the braces. The cost was $0.75 per ft., compared with $2.40 per ft. for 
iron pipe of equivalent capacity. 


Turns and bends should be avoided, if possible; sharp turns cause clogging 
on flat slopes and bends cause excessive wear of linings. The slope at turns 
is generally increased to avoid clogging. Schmitt (2 RMP 88) recommends 
bend radii not less than 10 times the width of the launder and increase of 
from 1 to 2 per cent. in slope. Junctions should be made so that the direction 
of flow in each launder is approximately the same. Boxes or small sumps are 
frequently used at Junction points and sharp turns; the exit should be raised 
a few inches above the bottom so that the bottom may fill with settled 
solid and decrease wear and splashing. 

Depth of launder should be sufficiently greater than the depth of the stream 
to take care of splashing and of any sudden surges. Julian, Smart and Allen 
recommend making the launder 50 per cent. deeper than the stream for steady 
flow and 100 per cent. deeper where fluctuations are expected. Launders in 
practice show a much greater allowance in most cases, Of 53 launders, 45 
had depths more than three times the wetted depth, the range was 1.3 times to 
20 times and the ayerage about 7.6 times. 
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Liners are important not only from the standpoint of frictional resistance 
but also because of the wearing quality and cost of different materials. Woop 
is usually the most easily available material but its life is short, except where 
only fine material in dilute suspension is flowing. Small wooden launders 
carrying material less than 1 mm. maximum size are generally left unlined; 
larger sizes are sometimes wood-lined. ‘The life of wood in such service is 
long, it is easily replaced and its lightness saves in the amount of support 
necessary. The life can be increased indefinitely by placing cleats of wood 
or angle iron across the bottom at short intervals; solid material banks 
behind the cleats and makes a natural lining; frictional resistance is increased, 
however, and slope must be increased. 

At the Ymrr mine, West Kootenay, B. C. (34 A 602) a 6 X8-in. box-launder with 1-in. 
transverse riffies spaced 5 in. had a satisfactory life even when using soft hemlock or cedar 
lumber; the material was vanner tailing; the minimum slope was slightly under 5 per cent. 
(0.6 in. per ft.). At ALasKa GasTINHAUu a 2-in. fir lining in a 22 X 44-in. launder carrying 
5000 tons per 24 hr. of — 1-mm. material in a pulp containing 15 per cent. solids on a slope 
of 0.38 in. per ft. lasted 187 days. 


RUBBER BELTING is a light and long-wearing lining, flexible and easily 
applied to wooden launders, but unless unfit for other service the cost is high. 


At U.S.S.R. & M. Co. (Midvale) old %-in. rubber belt used in 10 X 8-in. launder, sloped 
334 in. per ft., carrying 25 tons per day of heavy — 1.0-mm. concentrate in a 1 : 1 pulp lasted 
two years. Similar belt in a 10 X 10-in. launder sloped 234 in. per ft. and carrying 85 tons 
per day of sand-table tailing of the same size in a pulp of 18 per cent. solids lasted over three 


years. 


Canvas BELTING is also sometimes used but the rougher surface increases 
frictional resistance. SLAG LINING was used at PHetps Dopar Co., Morenci, 


Ariz. (102 J 644). 


The slag castings were channel-shaped sections 12 X 12 X 2-in. weighing about 40 Ib. 
each, reinforced with 1- or 1}4-in. hexagonal 26- or 28-gage poultry wire. The slag was 
poured into metal molds standing on end with two pieces of reinforcing wire placed in 
each side; when the slag had chilled slightly, the molds were removed and the hot castings 
buried in a sand bed to allow slow solidification of the center and thus avoid shrinkage 
strains. The cost was not over 12 cents per ft. as compared to $0.90 to $3.00 per ft. for 
white-iron castings. Their use in the 1500-ton concentrator showed a saving in liner costs 
of $6000 per year over a period of 214 years. In a two-mile tailing flume the cost in 1912 
for cast-iron lining was $7015 or $0.01397 per ton. In 1914 cast iron and slag were both used; 
the combined cost was $1873.50 or $0.00407 per ton. From Jan. to July, 1915, slag lining 
cost $498.13 or $0.00197 per ton. In a launder taking roll product to an elevator, cast-iron 
liners lasted 90 days compared with 180 days for slag; cast-iron liners in launders carrying 
Wilfley-table feed lasted 60 days while slag liners were still in use after 240 days. In the 
tailing flume the slag lining had an estimated life of 6 years compared with yearly re-lining 
with 2-in. plank. Slag lining in chutes running dry was satisfactory for material up to 5-in. 
Such utilization of slag is a useful outlet for a product ordinarily waste; its use, however, 
is limited to plants where slag is readily available. 


SHEET IRON OR STEEL, old boiler plate and discarded crusher steel and 
similar material are frequently used for launder linings. Table 23 shows the 


life of sheet-stee] liners under various conditions. 
CAST-IRON LINERS are usually made in short channel-shaped sections. ‘The 


useful life of such lining is shown in Table 24. 


The life of 5%-in. cast-iron liners at Fepprau Leap Co., Flat River, Mo., in launders 
varying from 6 in. to 13 in. wide and carrying different materials, was from 8 to 10 months. 


ConcreTs lining is readily made in convenient lengths and sizes and makes 
a very satisfactory and cheap lining. 


At Consouipatep Main Reer mill (19 JCM 77) U-shaped sections of concrete lining 
were cast in 18-in. lengths, 9 in. deep and 114 or 13}4-in. outside widths. The thickness 
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Table 23. Life of sheet-steel liners 
Maximum Thickness 3 Life in tons solid Grade, 
size of bit of liners, , fee transported per inches per 
material, mm. inches BYE inch of width foot 
13 Dry Yy 120 3,840 44% 
7.0 33 Y 700 26,600 2% 
7.0 40 34 350 33,250 5 
6.0 0.4 % 450 22,500 A 
SOMME SOA, ez. ss A 180 5,220 2 
5.0 10 12 gage 700 31,892 2 
(about Mo in.) 
ies} BE « 400 6,000 3 
0.8 33 y 700 1,400 334 
0.18 5 12 gage 1050 17,850 “6 
(about io in.) 
Table 24. Life of cast-iron liners 
Maximum size Percent Thales ot Tifedn Life in tons of solid Grade of 
of material, salads , Hie Maches ‘ tava transported per launder, inches 
_ mm. : inch of width per foot 
15 50 1% 90 5,130 234 
12 25 % 180 10,800 2 
7 20 4% 360 16,000 4 
2 42 1 365 9,125 1.67 
Table 25. Round-bottom concrete lining at Chino Copper Co. 
eee a Size of launder, Solid Thickness ate tons Grade, 
oe “en width X depth,| °° a of liner, | Life, days | S0Ud trans-) inches 
WEISS 21 inches eee inches : ported De per foot 
mm. inch of width 
19 13%x 1134 80 1% 270-365 51,770 33% 
3 15%x13% 40 1 180-300 37,200 2 
Table 26. Life of concrete launder lining (19 JCM 77) 
Screenings, grade of pulp 
nage Slope, 3 
Description beacon: Life 
+60 +90 —90 
Milldaunders; W-blocks...%. .0. tm. see 7% §&... 55 11.38 35.07 | 3 yr. + 
Wide launders, pulp from pump discharge 
to tube-mill cones, slabs.............,. 9% 53.55 11.38 35.07 | 8 yr. + 
Wide launders, pulp from pump discharge 
to tube-mill cones, U-blocks.......... OO elite: tee ne lees < ees one | ASAE ON OMe Ree ete 
Overflow launders from tube-mill dia- 
phragm cones, U-blocks.............. 18 9.6 22.4 68.0 2% yr. 
Overflow launders from tube-mill dia- 
phragm cones, bends nats <4 4535 oe 18 9.6 22.4 68.0 4 mo 
Leaving amalgam tables, U-blocks....... 6 14.2 34.4 51.4 4 yr. + 
Return-classifier cones to mill-pulp elevat- 
baler \oybbooto)= AU ooracis oo koa SS ae eee Se Slo 6.8 26.8 16.4 |24%yr.+ 
Launder under return-classifier cone dis- 
charge, U-blocksw:if sin ten eube dk FS 10 56.8 26.8 16.4 5 mo 


Art. 11. CENTRIFUGAL PUMPS 1101 


at the bottom was 2 to 214 in., tapering to 1 in. on the sides at the top. The average weight 
of an 18-in. length was 75 lb. Bend blocks for the turns were made of the same cross-section. 
Concrete slabs, 214 in. thick and of various lengths, were also used. The mixture was one 
part quartzite dump waste crushed to %-in., one part of the — 14-in. fine material from the 
above crushing, 1 part of washed drift sand and 1 part of Portland cement. After conerete 
was poured into the molds it was allowed to set for two days, then submerged in water for 
6 or 7 days, when it was ready for use. The joints between lengths were sealed with quick- 
setting magnesia cement or with mill blanketing. Cosr for U-shaped blocks, including 
labor, material and installation, was about $0.40 per running foot, which was little more than 
the cost of l-in. pitch pine with 3 X 3-in. fillets and much less than the cost of lining with 
belting. Except at bends the concrete had a very long life (see Tables 25 and 26). 

STEEL BARS SET IN CONCRETE (19 JCM 77). Discarded Osborn-liner bars in 7-ft. lengths 
were set on edge and laid in cement on the bottom and sides of a 14 X 12-in. launder having 
triangular wooden fillets nailed in the corners. The lining was from 5 in. to 1 in. thick 
and could be placed and dried for use within9 hr. Quick drying was accomplished by slowly 
burning old bags soaked in kerosene on top of the cement lining. Slope was 8.5 per cent ; 
pulp was 74 to 61 per cent. +60-mesh, 14 to 20 per cent. +90-mesh and 12 to 19 per cent. 
—90-mesh. Life was 414 years, except at points of division and at the feed intake where 
replacement was made at the end of 2 years. A similarly lined launder carrying stamp-mill 
discharge showed little wear after 2 years. The cost of lining 100 ft. of a 12 X 14-in. 
launder and using 3600 Ib. of discarded steel was estimated at $19.50 for labor and material; 
this was about one-seventh of the cost of new belt lining which was estimated to last only 
6 months. 


GLaAss is sometimes used in launders carrying fine material. The smooth 
surface reduces frictional resistance so that a flatter slope than otherwise can 
be used. Wear is long but the glass tends to crack. 

Resistance of different lining materials to flow. Schmitt (2 RMP) says 
that cement, wood, and rubber belt give practically the same resistance and 
that canvas belt decreases velocity. 


Browning (29 M & M, 300) found that a given flow of water carried more angular tailing 
and pyrite on flat slopes in linoleum-lined and wood launders than in glass-lined ones. The 
capacity for rounded gravel was greater in every case in the glass-lined launder, probably 
due to absence of eddy currents and ease of rolling the rounded particles on the glass sur- 
face. In general, high velocities cause increased wear on lining. 


Splitting the stream cannot be done satisfactorily by taking the laterals 
off directly; the best method is to use vanes to split into parallel streams 
and subsequently lead the streams apart. 

Pipelaunders. Pipes running partially full are sometimes used as launders. 
Ordinary 1RON PIPE is most common, but Woop-sTAVE and VITRIFIED CLAY 
pipe are also used. Large-sized iron pipes are sometimes lined with wood. 
When worn, a new surface is presented by turning the pipe. 


At Guanasuato (95 P 78) 8-in. pipe was used for transporting — 30-mesh, sharp, granular 
quartz-calcite tailing 5440 ft. The pipe was %%-in. thick; bell-and-spigot joints were calked 
with tarred hemp rope loosely driven; the outside was asphalted for protection against rust; 
curves were mostly 14-ft. radius; slope was 314 per cent. for the first 800 ft. and 214 per 
cent. for the remainder. The pulp was reduced to 25 per cent. solids before entering the 
pipe; occasional increase in thickness caused some deposition of sand; delays due to clog- 
ging totaled four hours in 13 months. At full mill capacity, 250 tons per day, the pulp ran 
184 in. deep, and traversed the pipe in 12 min., equivalent to7.5ft. per sec. The pipe could 
carry 1000 tons per day. No appreciable wear was noticed after 13 months (100,000 tons 
transported) and the life was estimated at 50 years. At about 500 tons per 24 hr. with 
5:1 dilution the pipe ran a little less than half full (95 P 457). A 12-in. pipe running partially 
full carried sandy tailing at HommsraxKe (22 IMM 87), Joints were made with a loose sleeve 
coupling held in place by wedges, which permitted turning without shutting down; pipes 
were turned 120°, so that three different wears were obtained from the same length of pipe 


by turning twice, 
11. Centrifugal pumps 


Single-stage centrifugal pumps are limited, in general, to lifts under 50 ft. 
but in several instances these pumps work against heads of from 60 to 80 ft. 
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Mutri-stace pumps are used for larger lifts. Lifts greater than 50 ft. are 
rarely encountered in handling mill pulps so that very few multi-stage cen- 
trifugal pumps are found in mill work. The open-runner single-suction volute 
pump (Fig. 32) is most generally used. Material enters through a suction 
pipe and is delivered to the center 
of the revolving impeller, whence it 
is thrown by centrifugal force im- 
parted by the blades to the periph- 
ery of the pump chamber and is 
discharged through the vertical pipe. 
Pressure to lift the fluid is obtained by 
the conversion of a large part of the 
velocity head producedby the rotation 
of the impeller to pressure head. The 
direction of motion of the fluid at the instant it leaves the impeller is the result- 
ant of motions tangential to the periphery of the impeller and to the surface of 
the impeller blade. The volute chamber is designed so that the change from 
velocity head to pressure head shail take place with the smallest possible loss; 
thus in Fig. 32 the size of the chamber increases gradually towards the dis- 
charge pipe. The head which the pump must develop equals the difference in 
head between the intake and discharge levels, plus the velocity head required 
to give motion to the fluid, plus losses in the pump and losses due to friction in 
the pipe lines. The shape and curvature of the impeller blades are important 
considerations in design for any given service. Fig. 33, A, shows charac- 


Fic. 32 —Centrifugal pump. 
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Fig. 33.—Characteristic curves of centrifugal pumps (Morris Machine Works). 


teristic curves of a single-stage centrifugal pump operating at constant speed. 
Fig. 33, B shows the effect of change in speed. The general shape of the 
curves is the same for all speeds; it is determined by the design of the pump 
and especially the inclination and position of the vanes of the impeller. The 
curves for any given pump explain the changes which occur with changes 
in the conditions under which the pump operates. The size of a pump is 
usually designated by the size of the discharge pipe. Table 27 gives sizes and 
dimensions of one make; Table 28 gives the speed at which a pump should be 
run to deliver its most economical capacity against any required head. 


Impellers may have 4, 6 or more blades; the sHELLS ma. i i 
; ; : y enclose liners or the shell itself 
may be designed to take the wear. Impellers and liners are generally made of cast-iron or 
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Table 27. Single-stage centrifugal pumps. (Morris Machine Works) 
Number Size of : Power . Floor space | Shippin. 
of pump pipe Pe obs anion required sag ts Safed Weise 
(diam. flange on ‘i Me for each foot 2 ihe in inches; without 
discharge suction Ponce of elevation,| ©. pulley, ithout i 
F ; u minute : inches ee Pree: 
opening, in.) inches horse-power primer pounds 
1 1% 30 025 4X 34% 12 Sais, 85 
1% 2 70 058 6X 6 17X 31 175 
134 2 90 2075 Ux 8 21K 32 260 
2 3 120 .10 8x 8 23X 37 350 
24% 3 180 15 8x 8 24x 38 360 
3 4 260 122 8X 8 25X 389 415 
4 5 470 .30 10X10 29x 41 615 
5 6 735 45 12X12 34X 54 940 
76 8 1,050 . 59 15X12 37 X 55 1,180 
8 10 2,000 1.00 20X12 45X 64 2,065 
10 12 3,000 1 o2 24X12 51x 69 2,610 
12 15 4,200 2.00 30x14 63x71 3,615 
12a 12 4,200 2.00 20X12 51X_ 59 2,800 
15 18 7,000 3.50 40X15 (> Sak e\0) 8,250 
15a 18 7,000 3.50 30X15 60x 68 3,350 
18 20 10,000 4.50 40X16 93 X 103 9,000 
18a 20 10,000 4.50 30X16 66 xX 72 5,800 
20 22 12,000 5.00 36 X 20 73X 83 7,000 
24a 24 15,000 5.50 48 X20 90X 98 10,800 
24 24 15,000 5.50 48 X 36 O4<d87 Fy |Reree 3 AE 
a Refers to low-lift pumps, which are recommended for heads up to 40 ft. 
Table 28. Revolution table for centrifugal pumps. (Morris Machine Works) 
Head in feet=lift-+ friction head 
Num- ‘ iy 
Beta by 15 | 20 | 25 | 30 | 35 | 40 | 50 | 60 | 70 | 80 | 90 | 100 
1 620 | 840 | 1020 | 1150 | 1260 | 1370 | 1470 | 1570 | 1760 | 1900 | 2060 | 2180 | 2320} 2450 
11% | 428/604] 739] 854] 955] 1045) 1131 | 1208 | 1351 | 1481 | 1599 | 1714} 1813} 1911 
134 | 348/491] 601] 695] 777} 850) 920] 982] 1099 | 1205 | 1301 | 1394] 1475} 1554 
2 272 | 384] 472) 545] 607| 665} 720] 773} 858) 940] 1030/1085|1150} 1215 
2% | 272) 384| 472| 545] 607} 665) 720) 773) 858) 940] 1080} 1085] 1150] 1215 
3 272 | 384| 472) 545] 607] 665] 720] 773} 858] 940] 1030} 1085| 1150] 1215 
4 230 | 364] 447] 515} 574] 630] 680] 727] 812) 890] 960] 1025/1085} 1145 
ay 206 | 289} 354] 410} 457] 500) 541 579} 647] 712| 765! 817) 867} 914 
6 172 | 242) 295) 341) 381) 418| 452] 483] 540] 591] 638) 683) 722] 763 
8 148] 207) 250] 293] 327; 3859] 387] 415] 464] 510] 548) 586] 620; 655 
10 135/190} 233} 270] 300! 329] 355] 380} 425] 467] 502) 538] 568] 600 
2 107/151] 185] 213] 2388] 261] 282) 302] 337) 371] 400] 486] 452) 476 
12a 206 | 289| 354] 410} 457] 500] 541} 579) 647| 712) 765| 817) 867] 914 
15 83|116] 142] 164] 1838} 201] 217) 282) 259} 286} 307) 328) 348] 368 
15a 121/}171| 209) 241] 270} 295) 319] 342| 382] 420] 451] 483} 511 5389 
18 83]116| 142) 164] 183] 201) 217] 232) 259] 286] 307] 328] 348) 368 
18a 121|171]) 209] 241] 270} 295} 319] 342) 3882) 420] 451} 483] 511 539 
20 115| 162} 197] 228] 255] 280] 302] 323] 361} 395] 426!) 456/ 483 510 
24a 104|146] 178] 206] 230} 253] 272] 291] 326] 358] 384] 412| 436] 459 
24 771108] 132| 152] 170} 187} 201) 215} 241) 263) 284] 304] 322) 340 


manganese steel. 


a Refers to low-lift pumps. 


For special work with hot, acid or corrosive liquids, brass, rubber or other 


resistant materials are used. The greatest wear is on the impellers and liners and varies 
with the material being pumped; it varies with the size of particles in the pulp, hardness of 
the ore, shape of pieces, and, with the dilution; coarse material causes greater wear than 
fine; very dilute and very thick pulps wear less than those of intermediate density. 
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Table 29 summarizes data on life of impellers and liners of various sizes of centrifugal 
pumps at 16 different plants; the short life of the smaller-sized pumps raises a doubt as 
to their economy. Lost Trmp varies from 0.5 per cent. to 5 per cent. of the possible running 
time; the chief cause is replacement of worn impellers and liners; in larger pumps several 
hours may be consumed in this work. Where pumps are to run continuously duplicate 
units should be installed to prevent shut-downs for repairs. 


Table 29. Life of impellers and shells or liners in tons solid handled. (Based on data 
covering 35 pumps at 16 plants) (a) 
Size Fine material | Medium material Coarse material 
of 
pump, 7 
inches Liners or Liners or iners or 
Impellers sheds Impellers aE lis Impellers Pella 
Dee RE Cie eee tO ROT ne ee ae 240 ASO LY Si te se Del ES rao 
PU oa eer fees ges Oe Sacer aah Sea 900 JOSO te wincewtee Saelen..aboes 
3 2,500-33,000 | 3,080-33,000 1Q00=8000) 12,0005 8: 000 Non cuss. om Welln, sree eee 
4 7,000-78,000 | 12,000—250,000 22,000 MN oS cet ta “aiiahiat ia Sohn ca 
5 30,000 30,000 18,000 36,000 Ao agence ee sae 
6 22 000=45:000) |f 90000450; 000 Fi giet se Re Aol Siatagataens. oeeer a ioe. comets. a dete) Gene ea eetenenetas 
NO aiah a zicde Sar ren: ea mend (tb ator. c:lepenag coats sz, 54,000 LOS,000 poeeisc Dpacdtoweraa cll tie eee 
eee etc) Cie VESh erate SE ae a2 ek Rar Shoe |(rabs caste: were: joa tac aaleanenampyen eae 126,000 1,000,000 
16 450,000 SOOO000" Fi ee dicete Pqeiing es cleo [es cipeee- cals icine ss 
| | 


a Dilution of pulp varied from 60 per cent. water to 95 per cent. water. Lifts varied from 
18 ft. to 80 ft. Speeds varied from 350 r.p.m. to 1200 r.p.m. 


Drive may be either by belt or direct connection to a motor or steam engine. 
A direct-connected motor makes a compact, independent unit but is not advisable if the 
pump is located in a wet place or where there is danger of flooding. Belt drive is preferable 
in wet stations or where a line-shaft is convenient. If the drive belt is too tight, excessive wear 
of bearings results; if the pump turns hard, the cause should be sought in the pump itself. 


Feed may be either suction or gravity; the latter is better. If suction 
feed is used, the pump must be primed when starting. Priming is best done by 
introducing water into the discharge pipe just above the level of the top of the 
pump; the water should be supplied through a separate water line with a valve. 
A tee in the discharge line with nipple, elbow and removable plug furnishes 
manual means of priming. Steam ejectors are sometimes furnished for 
priming large pumps. Priming is complete and the pump ready to work when 
the suction line and the pump itself are completely filled with water. Pro- 
vision of a pet-cock let into the top of the pump allows the escape of any air 
which may be pocketed there during priming or accumulate during running. 
The sucTION PIPE is usually one or two sizes larger than the discharge pipe and 
should be as straight and free from bends as possible. Bends should be of 
long radius to decrease friction losses. Foor vaLvES and STRAINERS are 
usually provided on the suction pipe; the free area through these should be 
about twice the inside cross-sectional area of the pipe. All joints in the suction 
pipe should be made carefully to prevent leakage of air, which would reduce or 
destroy suction. 


Stuffing box. Leakage of air into the pump or leakage of fluid from the pump where 
the shaft passes through the shell is prevented by a stuffing box and gland. Water at a 
pressure slightly higher than that developed by the pump (about 1 lb. for every ft. of lift) 
is forced in to the bearing through a small hole tapped in the top and connected to the 
water line; this keeps gritty or acid material from getting into the bearing and also 
aids in keeping the packing in the stuffing box from hardening and cutting the shaft. Square 
flax packine treated liberally with oil and graphite and cut in rings to go just once around 
the shaft is used in the stuffing box. The a@uanp should be made just tight enough so that 
5 or 10 drops of water per min. leak out; excessive tightening causes heating and wear on the 
shaft with loss of power. 
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_ Suction lift. Table 30 gives the approximate theoretical maximum suc- 
ii : : : ae 
tion lifts in ft. at 60° F. for various altitudes and fluid densities; actual lifts 
Table 30. Approximate theoretical suction lifts at 60° F. (17 CME 629) 


Specific gravity of fluid, thousandths 


Altitude 
above 1000 1100 1200 1300 1400 1500 1600 1700 
sea level 
Maximum suction lift, feet 
Sea level 34 31 28 26 24 23 21 20 
1,000 33 30 ae 25 23 22 21 19 
2,000 32 29 26 24 22 21 20 18 
3,000 31 28 25 23 22 20 19 18 
4,000 29 rf 24 23 21 20 18 17 
5,000 28 26 P43) 22 20 19 18 uve 
6,000 27 25 22 21 19 18 17, 16 
7,000 26 24 21 20 19 17 17 16 
8,000 25 23 21 19 18 16 16 15 
9,000 24 22 20 18 17 16 16 14 
10,000 23 21 19 18 V7) 16 15 14 


ordinarily will not exceed one-half the theoretical. Increase in temperature 

reduces the maximum suction lift, due to increased liberation of vapor at higher 
oy, ri 

temperatures. Table 31 shows the effect on apie 31. Effect of tempera- 

suction lift with increase in temperature; very ture on suction lift. (17 CME 


hot fluids should be fed by gravity. 629) 

Discharge pipe layout should be carefully made; a level 
run may cause clogging; bends should be as few as prac- Approximate 
ticable and of long radius; valves should not be placed in Degrees theoretical 
pulp lines, since closing may cause solid material to pack F. Spe eee 
so that the line will not clear again when the valve is re- suction lifts at 
opened; stopping the pump may cause similar trouble. sea level, feet 
Provision of a by-pass to be opened just before stopping 60 34 
the pump will clear the pipe; shutting off the pulp supply 80 33 
and substituting clear water before shutting down is also 100 39 
effective. The by-pass is the best arrangement, as the 120 30 
pipes can then be drained immediately, if the pump stops 140 °7 
accidentally. 160 23 

Velocities of 350 ft. per min. in discharge pipes and 180 16 
200 ft. per min. in suction pipes will, in general, prove 

4 200 8 
satisfactory. 


Size of feed. Centrifugal pumps successfully handle pulps containing 
coarse particles. They are frequently used to elevate pulps containing up 
to 4-in. particles; large pumps used in hydraulicking operations successfully 
handle gravels containing fair sized rocks. 

A 12 X 24-in. pump in one mill was reported as handling 600 tons per 24 hr. of — 1}4-in. 
+ 20-mesh material together with 4500 gal. of water per min. 


Efficiency of well-designed pumps doing good work will vary from about 
50 per cent. for the smaller sizes to about 75 per cent. for large sizes. These 
efficiencies are not always attained in practice as the pumps may not be work- 
ing under the most favorable conditions. In handling pulps, the high velocity 
attained keeps the solid material in suspension. Possible dilution of certain 
pulps from the water admitted to the gland may make it desirable to choose 
some other means of elevation. 
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Advantages. The centrifugal pump is simple, requires little space and the 
attendance while running amounts to only a small portion of a man’s time, to 
determine whether it is functioning properly. 

Costs. Jones (52 A 116) [1915] gives the following figures covering the cost 
to operate a 4-in. solid-lined Krogh centrifugal pump elevating filter feed 55 ft. 


==) 


Cost, Per cent 
dollars of total 
Liners 482.57 37 .97 
Runners 126.72 9.97 
Housings 81.00 Bao 
Bushings 36.00 2.83 
Shafts 22.84 1.80 
Chain and sprocket... 47 .65 3.75 
Gland 1.89 0.15 
Strand 11225 0.89 
Labor 53.12 4.18 
Power @ $8.82 per hp.-month (39 hp.)... 408.00 32.09 
4 Wo 1) BN Sane, ¢ karen nee aes mec 1271.04 100.00 
Weeti tons pumped... segiac. fe. oGh he oe tie oh 755,255 
COST PEE DOM s kaos arstecclores Smee em ee oe $0 .00168 
| 


Wilfley centrifugal pump (Fig. 34) has a centrifugal seal where the shaft 
passes out of the pump casing and thus avoids the need of a stuffing box. 
The success of the cen- 
trifugal seal in protect- 
ing the bearings from 
gritty and hot solutions 
permits the use of ball 
bearings on the shaft 
with consequent saving 
in wear and power. The 
pump has no suction; 
feed enters intake (a) 
thence through a passage 
to the enclosed-type im- 
peller (c). The discharge 
pipe is screwed into the 
keeper (/), which is raised 
or lowered by bolt (m), 
when removing the case; 

Fic. 34.—Wilfley centrifugal pump. the jomt between the 

keeper and the case is 

made with a ring of square packing. The centrifugal seal consists of a revolving 
expeller (d) having radiating wings similar to an open runner and a stationary 
member having a projecting groove (¢). Material leaking by the edge of the ex- 
peller encounters the groove (e) and is directed towards the wings of the expeller 
which eject it again. When the pump stops, an automatic check valve closes 
around the shaft, preventing any leakage. Wearing parts are easily and 
quickly removable by loosening two nuts which hold the shell (f), when the 
shell can be swung aside on arm (9), giving access to the impeller, the follower 
plate (h) and expeller. The joint between the follower plate and the frame is 
made with a ring of square packing (2), set in a groove in the frame ; the joint 
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A 
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between the follower plate and the case is made with flat faces and a round 
_ rubber gasket (k), cemented into a groove in the follower plate. 


This pump has been very successful in handling gritty or sandy materials. 


Tables 32 and 33 give details of capacity and speed of the various sizes. 


Table 32. Wilfley centrifugal sand pump 
: Pipe Poa ak Worndal Intake head | Approxi- 
Size of s eapaeey above shaft mate 
| pump, gallons nee for normal shipping 
inches Dis- = piicage capacity weight 
Intake minute 2 zy 
charge feet pounds 
2 2 4 200 3 660 
3 3 5 300 3 900 
4 4 6 500 3 1590 
6 6 8 950 3 2550 
Table 33. Speeds of Wilfley centrifugal sand pumps 
: Standard Static head plus friction head, in feet 
Size of | pulley, inches 
pump, 
inch aie 
Pe }P48M=) Pree! |. 200 |. 80} 400-'} S004]660- ozo | 80° ]-'90'") 100 
eter 
2 6 6 990 1130 | 1255 | 1380 FOOD GOO ate l ( 20s ects ht eee 
3 8 6 820 935 | 1035 | 1185 | 1230 | 1320 | 1415 | 1500 | 1580 
4 10 LOGS akawe 745 825 910 985 | 1060 | 11380 | 1195 | 1260 
6 12 ca me ae Ce 725 800. 860 905 985 | 1035 | 1080 


12. Spiral pump 


Frenier pump (Fig. 35) consists of a spiral wheel, (a) revolving in box (b) 
which contains the fluid to be elevated. Material entering the spiral through 
the opening (c) advances to- 
ward the center and is dis- 
charged through hollow shaft 
(d) and the stuffing box and 
gland connection (e) to dis- 
charge pipe (f). The weighted 
lever (g) takes up the thrust 
of the delivery pipe. With 
each revolution of the wheel, 
fluid is scooped into the spiral 
and air enters during the re- 
mainder of the revolution so 
that a portion of each suc- 
ceeding turn of the spiral 
is filled with the fluid to be lifted. The lifting force results from the 
difference between the sum of the hydrostatic heads resulting from the fluid 
in the spiral and the pressure induced as the fluid enters the spiral, and the 
head of aerated liquid in the discharge pipe. The lifting force is independent 
of the speed of revolution; it can be increased only by an increase in the num- 
ber of turns of the spiral or diameter of the wheel. The makers recommend 
20 r.p.m. as the most satisfactory speed. The radial distance between suc- 


Ze. 
ran 
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Fig. 35.—Frenier pump. 
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cessive turns of the spiral is generally 214 in. Table 34 shows maximum capac- 
ities and lifts for the various standard sizes of pumps. 


Table 34. Sizes and capacities of Frenier pumps. (Power and Mining Mach. Co.) 


Size of wheel, inches Capacity, bee 
gallons Maximum be 
per hour, lift in feet ie : 
Thickness Diameter maximum J 
6 A4 3000 12 1100 
6 48 3200 16 1200 
6 54 3500 22 1400 
8 44 4000 12 1200 
8 48 4200 16 1300 
8 54 4500 22 1500 
10 44 5000 12 1400 
e110 48 5200 16 1500 
10 54 5500 22 1670 


The Frenier pump is suitable for elevating solutions, sand or slime pulps to heights ordi- 
narily not greater than 10 or 12 ft. but in several instances lifts as great as 16- and 20-ft. 
have been made. The pump will not operate satisfactorily under changing conditions. 
The level of fluid in the reEp box should be 7 in. below the shaft. If the pump is over- 
loaded, it will stop working; it does not work well when under-fed; frequently it is fed at a 
rate slightly in excess of capacity and an overflow is provided on the feed box; the material 
overflowing is then handled by an auxiliary air-lift with float-control valve. The greatest 
wear takes place between the rotating tube at the end of the hollow shaft and at the bend of 
the discharge pipe. For most efficient operation the discharge pipe should be vertical and 
have a vertical discharge opening with free fall to allow the escape of air. The construction 
is simple and little attendance is required. 


13. Diaphragm pump 


DiapHRAGM pump (Fig. 36) (148 JCM 95) consists of a hollow chamber 
with a valve in the bottom and a movable diaphragm, also valved, which closes 
the top of the chamber. The dia- 
phragm is given an up and down 
motion by a connecting rod from an 
eccentric on a pulley- or gear-driven 
shaft. To start, the pump is primed 
by completely filling the chamber 
and the space above the diaphragm 
with water. On the up stroke of the 
diaphragm the lower valve opens 
and admits fluid to the chamber 
from the suction pipe; displacement 
of the fluid in the space above the 
diaphragm causes some of it to over- 
flow the lip shown. At end of the up 
stroke the lower valve closes and on 
the down stroke the upper valve 
opens and allows fluid to flow from 
the underside of the diaphragm to the space above it. At end of the down stroke 
the lower valve again closes and the cycle is repeated. The prAPHRAGM is 
made of a rubber sheet about %¢ in. thick with a single ply of loosely-woven 
duck imbedded in it. The working surfaces of valves and seats are best made 
of high-grade rubber; this wears well and gives tight closure even when small 


Fie. 36— Diaphragm pump. 
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chips get between the valve and seat. The floating type of valve allows 
complete washing of the seat at each opening. 


Height of lift of diaphragm pumps is limited by atmospheric pressure and also by the 
strength of the diaphragm; lifts should never exceed half the theoretical lifts of Table 30; 
ordinarily lifts are less than 8 ft. Sprpp may be from 15 to 100 strokes per minute but the 
most satisfactory operation is with less than 40 strokes per min.; higher speeds cause 
splashing. Stroke may be lengthened as much as the diaphragm will stand. Capacrry 
may be varied by changing the speed or length of stroke or it may be controlled by admission 
of small quantities of air into the chamber through a pipe with a needle valve. 


The diaphragm pump has found its greatest application in elevating and 
controlling the underflow from thickeners. It is simple to operate and 
requires little attendance and repair. Pulps containing as much as 50 per 
cent. solids are easily handled. 


At Horuinerr (57 A 150) a No. 4 Goulds diaphragm pump with 3-in. stroke performed 
as follows: 


Vol. per Tons Per cent. Per ConA Per cent. 
No. strokes Sines Sp. gr. of | Per cent. solids increase | .Mcrease RAEREAGG 
per min. aresis pulp solids pumped inispeedaalee volume Geionnage 
per day per stroke 
14.5 0.139 1.54 54.5 76.3 
23.0 0.148 1.48 50.5 114.5 58.5 6.5 50.0 


The life of a diaphragm was more than one year when operating at from 14 to 18 strokes 
per min. while rubber valves and seats showed no perceptible wear in six months. 


14. Tailing wheel 


Tailing wheel (Fig. 37) consists of large rotating wheel with projecting 
buckets on one or both sides of the rim. When at the bottom the buckets 
scoop up pulp from a pit and at the top deliver it into a receiving trough or 
launder. The old type wheels were constructed of wood but newer ones are of 
steel, either rigid or of bicycle-spoke construction. Wood is best, even on steel 
wheels, for lining the rim flanges and the vanes forming the buckets. Tailing 
wheels have been most used on the Witwatersrand to elevate stamp-mill tailing. 
Wheels up to 60-ft. diameter have been made. ‘The net lift, z.e., the distance 
between the level of the feed launder and that of the receiving launder, is less 
than the diameter of the wheel to an extent determined by the inclination of 
the bucket vanes to the wheel radius. Julian and Smart give the RATIO OF 
DIAMETER TO NET LIFT is about 1.3 : 1 and recommend an angle of 65° between 
the radius and the bucket vanes. Usual sprmp is about one-third the critical 
speed at which centrifugal force would prevent bucket discharge. Table 35 
gives critical and practical speeds for wheels of various diameter. The time 
required for buckets to discharge is given by Wood and Laschinger (77 J 482) 
as not less than 3 sec. on 40-ft. wheels or 5 sec. on 60-ft. wheels. Drive may 
be by belt and pulley mounted on the shaft or by pinions and gear, or by a 
sheave built into or around the outside of the wheel itself. Manila-rope drive 
on sheaves has been most favored. 

The first cost of tailing wheels is high; large wheels require heavy construc- 
tion and massive supports for the shaft bearings. Maintenance and repair 
costs are low. Reliability and durability are high. POWER EFFICIENCY 1s 
usually from 40 to 50 per cent. Centrifugal pumps and bucket elevators cost 
less, require less space, and are generally more desirable than tailing wheels. 
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At CALUMET AND Hecia 
plants (90 J 218, 12 MH 
308) five tailing wheels, one 
40-ft. diam., three 50-ft. 
and one 60-ft. elevate 
coarse mill tailing to laun- 


ders running out over 


Fig, 37.—Tailing wheel. 


Torch Lake. The 60-ft. 
wheel at Hecna weighs 500 
tons with base plates and 
columns; it is biecycle-type 
witha hollow shaft, 32 in. 
outside and 16-in. inside 
diameter by 27 ft. long; 
4-in. spokes radiate from 
two 10-ton hubs to the 
outer rim upon which are 
mounted two spur gears 
with 12-in. face and 4.7-in. 
pitch. The buckets are 3 
ft. wide X 4 ft. 6 in. long 
and are mounted on each 
side of the rim. A 37-in. 
pinion on the counter-shaft 
is driven by ropes from a 
700-hp. motor. The speed 
is about 4 r.p.m., equiva- 
lent to about 12 ft. per 
sec. at the inside edge of 
the buckets. The buckets 
dip into a trough under the 
wheel and deliver to two 
troughs above, making a 
total lift of about 50 ft. 
Capacity is about 5500 
gal. per revolution. The 
KennepDy MINING AND 
Mixtuine Co., California, 
used four 56-ft. tailing 
wheels in tandem to elevate 
stamp-mill tailing to flumes 
(97 J 517). A wooden flume 
delivered to the first wheel 
about 1500 ft. from the 
mill; the second wheel was 


100 ft. distant, the third, 820 ft.,and the fourth, 200 ft. The xirr was about 35 ft. in each 


Table 35. Critical and actual speeds of tailing wheels 


Critical speed Actual speeds 
(1% eritical speed) 
Diameter 
of wheel, é 4 
feet Revolu- ceppperal Revolu- Peripheral 
tions per pee OBILY tions per velocity, 
minute fees aon minute feet Der 
minute minute 
10 24.218 761 8.07 254° 
20 17.125 1076 ‘Sr ak 359 
30 13.983 1318 4.66 439 
40 12.110 1522 4.04 507 
50 10.830 1701 3.61 567 
60 9.887 1863 3.29 621 
70 9.154 2013 3.05 671 
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wheel; the flumes were set on 214 per cent. grade. The mill capacity was about 400 tons per 
day. At the old Be:mont Miu, Millers, Nev. (106 P 282), stamp-mill pulp was lifted 48 ft. 
to classifiers by a tailing wheel. Operation was reliable and upkeep low; 87,952 tons were 
elevated in one year at a cost, including classifying, of 3.6¢ per ton. The Tonopan Miu, 
Millers, Nev. (106 P 282), had two wheels. No. 1 was 30-ft. diameter and elevated 500 tons of 
dry ore and 3500 tons of solution per day with a 714-hp. motor. Tirst cost was high but the 
wheels were efficient and maintenance was low compared to bucket-elevators. The cost of 
elevating and separating was 8¢perton. At the Crry anp SuspurBAN Minn, Witwaters- 
rand (77 J 481) a 25-ft. wheel lifted 5549 lb. of tailing pulp per min. 19 ft. 1 in. The 
theoretical power requirement was 3.208 hp.; the actual power, including two intermediate 
countershafts was 6.635 hp.; total efficiency, 48.35 per cent. At Henry Noursr mine, 
Witwatersrand (Julian & Smart) a 60-ft. wheel was operated at 45 per cent. efficiency and 
consumed 15 hp. ‘The drive sheave was 55-ft. diameter, driven at 3r.p.m. by 134-in. manila 
rope from an 11-ft. sheave on the countershaft. The wheel axle was 20 ft. & 14 in. with 
bearings 2 ft. 6 in. X 12-in. diameter. The life of the rope was 3.5 years (77 J 481). 
At the Butirincu Proprietary mill, W. A. (13 CME 331) a tailing wheel elevates the 
product of stamp mills to hydraulic classifiers. Diameter of wheel, 40 ft.; 112 @ 720-cu. 
in. buckets; peripheral speed, 400 ft. per min.; driven by manila rope, 6 in. in circum- 
ference, which lasts 60 days; power consumption, 7.3 hp.; about 2500 tons of ore and 
solution lifted per day, 


15. Air-lift 


The atr-LirT (Fig. 38) is used to elevate solutions, slime and, in certain 
cases, sand pulps. It consists of a delivery pipe (a) submerged for a part of its 
length in well or sump (6); compressed air 
is introduced into the delivery pipe at the 
foot-piece (c) through an air pipe (d). The 
air causes a decrease in the density of the 
fluid in the delivery pipe and consequent 
elevation by hydrostatic pressure and dis- 
charge at (e). Efficient operation depends 
on proper design of the lift and regulation 
of the air pressure. The known factors in 
any particular case are the amount of fluid £& gore 
to be elevated and the height to which 1 me 
must be raised; the important items to be 7/7 
determined are the volume of air required, 
the pressure at which it must be delivered, Level of 
the size of delivery and air pipes and the ji 
depth to which the delivery pipe must 
be submerged below the normal level of 
the liquid in the well or sump. 

The depth of submergence (S) (Fig. 38) 
for most efficient operation at any lift (L) 
cannot be exactly determined in advance; 
if the air-lift is to handle large quantities 
of material so that a slight improvement in 
efficiency will cause considerable saving, 
provision should be made to vary submer- 
gence after operation is started. The figures 
in Table 36, based on average practice, 
may be used for calculation in design. 

Air pressure. The pressure at which air must be delivered to the foot-piece 
is governed solely by the depth of submergence (S) and should be just sufficient 
to force air into the delivery pipe; P; = 0.434gS + P, where P is the atmos- 
pheric pressure in lb. per sq. in., P; is absolute pressure of air entering the foot- 


= Ss) en ee 
Lift 


SS * ‘Ss SS ee ee 
Submergence 


' 


Fic. 38.—General arrangement of 
air-lift. 
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piece and g the sp. gr. of the fluid to be elevated. A slightly higher pressure 
will be required in starting up. The pressures at which air is supplied at the 
foot-piece in operating lifts conforms closely 
to the theoretical pressures thus calculated. 
Iixcessive pressure causes air to escape from 


Table 36. Submergences for air-lifts. 
(Sullivan Machinery Co.) 


SGbancreaane, the bottom of the delivery pipe into the well; 

Lift in feet per cent. this reduces the density of the fluid therein 

(L) - GC) and may stop the lift; at any rate, to keep 

SL the lift in operation under such circumstances 

Up to 50 Wear will require a large excess in volume of air 
50-100 66-55 and so reduce efficiency. 

100-200 55-50 Volume of free air required may be cal- 

200-300 50-43 culated by the following formula: Vz = 0.8 

eeu tsa L/C log ((S + 34)/34] (1) in which Vq = cu. 

{t. of free air per gallon of fluid (at normal 


pressure, Pg, 14.7 lb. per sq. in. and 60° F.) 
and C’ = a constant varying with height of lift, 2. Values of C are given 
in Table 37. Results obtained closely approximate actual values. 

The size of delivery pipe required can\be calculated from the amount of 
fluid to be delivered in a given time and the volume of air used during that 


time. Certain values for velocity have been found apie 37. Values of C in 


satisfactory in practice and by taking pipe of a size equation (1) 

to keep within these limits losses due to friction will 

be kept within reasonable amounts. The VELOCITY | Lift in feet eC 

OF THE FLUID in the discharge pipe increases as the |>————|— 

top is neared due to expansion of the contained air. Penk oS | 
The velocity at the foot-piece may be taken at from | 204-500 216 

4 to 8 ft. per sec. and the velocity at discharge should | 501-650 185 

be kept under 20 to 25 ft. per sec. Velocities should | 651-750 156 


never be so low that solid material will settle out of )—W—__1 
the rising liquid or less than the velocity at which the largest air bubbles will 
rise in the fluid. 


Let V; = cu. ft. of air per min. at pressure P,}; Py = absolute pressure of air at the foot- 
piece, lb. per sq. in.; Q = cu. ft. of liquid per min.; 2; = velocity in ft. per min. at foot- 
piece (assumed between 250 to 450); A = internal area of the delivery pipe in sq. ft.; q¢ = 
gallons of liquid per min. Then Q = g/7.48 and V; = qPqVa/P\. The total volume 
of air and liquid at the foot-piece equals Q + Vj, cu. ft. per min. and the required area of 
the delivery pipe = A = (Q + Vj)/2. Standard pipe nearest this size may be used. 

The velocity of the air-liquid mixture at the discharge should be calculated to insure 
that it is not greater than 20 to 25 ft. per sec. Expansion of the air on rising may be con- 
sidered isothermal since the air is in small bubbles surrounded by water. 

Some authorities allow capacities of 10, 12 or 15 gallons of fluid per min. per sq. in. of 
cross-section of the delivery pipe and calculate the size of pipe on this allowance, but it is 
wise to check by calculating actual velocities at the foot-piece and discharge. 


Size of air pipe can be found by reckoning air velocity at 20 to 30 ft. per sec. ; 
velocities up to 70 ft. per sec. are sometimes used but friction loss is higher. 

Foot-pieces are of various designs; the simplest is merely the projection 
of the air pipe into the lower end of the delivery pipe (Fig. 38). Other forms 
are shown in Figs. 39 and 40. The air should be dispersed as completely as 
practicable; large air bubbles rise faster than small with consequent greater 
shppage of the liquid past the bubbles. To reduce stippacr to a minimum, 
the more complicated foot-pieces introduce the air through many small holes, 
thus obtaining smaller bubbles and better dispersion. 
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Trsts have shown that the cfficiency of the system is increased a i 
properly designed foot-pieces. At the East Ranp PROPRIETARY ey a a | 
efficiencies were 17.7 per cent. and 27.5 per cent. with a foot-piece with air admitted through 
a single 4-in. opening compared with efficiencies of 37.15 per cent. and 30.55 per cent. with the 
improved style shown in Fig. 40. These tests were made on lifts elevating slime mill pulps 
weighing 63.3 Ib. per cu. ft. about 30 ft. A slight flare at the lower end of the foot-piece is 
advantageous in furnishing a gradual increase in velocity of entering fluid, 


Lduction 


PILATE PTI ESTES 


(4) (a) (4) (9) 


Inches 
Diameter 
No. 1 No, 2 
Outside top flange.....:...+.. 21 23 
PNSUISLDIDCkecesa aun crnph-c acer «© eee 11% 134% 
Outside flange below air inlet. . 19 20 
Inside bottom of bell.......... 22 30 


Fic. 40.—Foot-piece for sand and slime pulps (105 
EL 26). 


Discharge pipe is sometimes increased in size upward on long lifts to keep 
down the velocity. The advantages of changing to a larger size with ordinary 
reducers is questionable, as a sudden change of velocity with consequent eddy 
losses takes place; with a long gradual reducer eddy losses are cut down but 
gradual increase in pipe diameter is impractical except possibly for low lifts 
in agitating and aerating machines such as Pachuca or Parral tanks, The 
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best arrangement for discharge end is a vertical opening with a cusp-shaped 
umbrella (Fig. 41) to deflect the stream downward. The discharge may be 
turned horizontally by use of a long-radius elbow but it 
will not be as efficient; if the discharge pipe is turned 
and run any considerable distance horizontally allow- 
ance must be made for further losses. 

Losses in an air-lift are friction in the pipe lines, 
slippage of fluid past rising air bubbles and velocity 
head lost at the discharge. Friction losses can be 
kept within reasonable limits and slippage can be 
reduced by increased dispersion of air. Ordinarily the 
velocity head lost is unavoidable on account of the 
necessity to keep the solid in suspension; some saving could be made by the 
use of increasing-diameter pipe, but this is generally impracticable. 

Efficiency of the air-lift may be expressed as the ratio (multiplied by 100) 
of the theoretical horse-power needed to raise the liquid to the air horse- 
power required for adiabatic compression, or the indicated horsepower of 
the air-compressor cylinders, or the input horse-power to the compressor as 
determined from steam-indicator cards, or the motor power consumption. 
WATER HORSE-POWER = 62.5091 /33,000. AIR HORSE-POWER WITH ADIA- 

144PVn (2 
33,000(m — 1) L \P 
single-stage adiabatic compression. 


Fic. 41.—Umbrella 
top for air-lift, 


nm—1 
) ze -1], where n = 1.406 for 


BATIC COMPRESSION = 


In making comparisons of air-lift efficiency with the efficiency of other systems, the work 
of the air-lift should not be condemned because of an inefficient compressor plant nor should 
the lost work occurring in the compression of the air be disregarded. 


Efficiencies for good work in practice vary between 35 and 40 per cent.; 
instances of efficiencies up to 45 per cent. are claimed. 


Apvantaces. The air-lift is easily constructed; lack of moving parts reduces wear, 
expensive repairs and shut-downs; attendance for the lift itself is insignificant but a propor- 
tionate part of compressor charges must be borne by it. Where aeration and agitation of 
the fluid to be elevated are desired it is especially suitable. Flexibility can be obtained by 
provision of a valve on the air line operated by a float on the surface of the liquid in the sump 
so that the air supply can be regulated to the amount to be lifted. When large variations 
occur for considerable lengths of time lift columns of various sizes may be provided so as to 
be easily interchanged. An air-lift can generally be easily cleaned out by shutting off the 
discharge and turning on the air at as high a pressure as possible thus forcing out and mixing 
any accumulations in the pipe lines; these will be removed readily on again opening the dis- 
charge. The first cost ordmarily will be less than for other devices. ‘The greater power as 
compared to other systems may be compensated by savings in attendance and repairs. 
Air-lifts have been successfully applied to the elevation of sand and slime pulps. Where 
acid or other corrosive fluids are to be elevated the air-lift has a distinct advantage over 
pumps. 

DisaDVANTAGES. Proper design is essential for operating efficiency. It is necessary to 
provide a sump or well of considerable depth; great depths can be avoided by compounding 
the lift, making it a series of short lifts, but this complicates and increases the piping. When 
compressed air is not already available, air-lifts would be of doubtful advantage unless large 
volumes were to be handled. 

Application of air-lift to mill work is generally limited to lifts under 20 ft., due to 
the depth of submergence necessary. In such cases, especially where comparatively 
small tonnages are handled, little attention has been given to the refinements of design 
necessary for efficient operation, as the total power consumed is small. However, close 
attention to design and efficient operation have resulted in the installation of several plants 
for handling large tonnages of mill tailing at considerable saving over elevators, centrifugal 
pumps or tailing wheels. At Cutno Corrrer Co. (112 J 806) an air-lift to elevate 12,000 
dry tons per 24 hr. of mill tailing in a pulp containing about 15 per cent. of solids was in- 
stalled in preference to a bucket-elevator system because of lower first cost and an estimated 


Art. 15. AIR-LIFT 1 B53 


operating cost of 72 per cent. of that with buck 
i ; et elevators. Actual operati 
eae costs were about 50 per cent. of those for bucket elevators. Raa eh 
oe ae - sy vee he nigg er pipes ni provided in a single shaft, with gates eae a 
pulp-stream to whichever one was being eb Th i i 
; ree 
ae of standard, wrought-iron, flange-connected pipe were made as showenl ae re 
ne ee ao raw and to determine which gave the highest efficiency 
fo) e foot-piece are shown in Fig. 44, A. A travelin 
, Pi : : dhe g crane on a steel f: < 
was installed to facilitate changing the lift columns; concrete umbrella deabclors bas 


—Snees 


L 


—--- 83 


(Subme 
wen nano = - 199-4 —- -- - ----- SS 


eee eee eee 


Election 
Fie. 42.—Arrangement of tailing air-lift at Chino Copper Co. 


able carriage over the discharge ends of the columns caused the rising pulp to drop into a 
concrete box from which it flowed away in a launder. Air was furnished from the main 
power house, 530 ft. distant, by two Ingersoll-Rand, Imperial-type XPV-4 steam-driven 
compressors with compound steam cylinders 13- and 29-in. diameters and duplex single- 
stage air cylinders 22-in. diam. by 20-in. stroke. Special oil-pressure governors controlled 
the speed of the compressors so that with decrease of pressure or lowering of pulp in the well 
the governor caused the compressor to slow down until the wells filled again with pulp and 
the reverse action took place. Table 38 presents operating details for sixteen months of 
1919 and 1920. For cost data see Sec. 23, Art. 3. The air-lift proved very successful in 
automatically taking care of fluctuations in feed rate, without change of lift-eolumns. 
Although ample provision was made for reserve wells and columns in case of clogging it was 
found that the lifts could free themselves and start up even after 32 ft. of sand had settled 
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(A) 
Fic, 44.—Foot-pieces for air-lift at Chino Copper Co. 
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Sec. 20. 


Fig. 44, B, shows a foot-piece designed by 
Ingersoll-Rand to improve the efficiency of 
the Cuno lift. This foot-piece was attached 
to 43 ft. of standard 14-in. O. D. pipe fol- 
lowed by 76 ft. to the discharge of special 
welded pipe increasing uniformly from 14 to 
16 in. outside diameter. With this column it 
was expected that power consumption would 
be cut 5 to 10 per cent. with a corresponding 
increase in efficiency of from 2 to 4 units per 
cent. 

At another large copper mine in the south- 
west (105 J 1177), three air-lifts replaced 
three 10-in. centrifugal pumps direct-con- 
nected to 150-hp. motors to lift 7000 gal. per 
min. of tailing having 4 or 5 parts of water to 
lof solids. The air-lifts consisted of 10-in. 
discharge pipes in 20-in. wood stave pipes; a 
40-hp. motor drove the compressor for each. 
Operating costs and repairs on the air lifts 
were a small fraction of those when pumps 
were used since excessive wear of sand in the 
pumps reduced the life of runners and liners 
to about 4 days, continuous running. At the 
Angelo and Cason mills of East Ranp Pro- 
PRIETARY Murnzs, Lrp., tests were made to 
determine best operating conditions. (105 


EL 26.) The foot-piece used is shown in 

Fig. 40. The lower 35.4 ft. of discharge pipe 
Standard 
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11%-in. and on No. 2 from 16- to 13 Y%-in. 
on slimes and sands. 
per cu. ft. 


FEEDERS 


Columns 1, 2 and 3 show the effect of submergence on efficiency. 


1117 


was lined with wood, thus reducing the internal diameter of pipe on No. 1 from 14- to 
Table 39 gives results of some of the tests 
The slime pulp weighed 63.3 lb. per cu. ft. and the sand, 64.56 lb. 


Plotting the 


results of these and other tests gave a curve indicating a submergence of 1.83 to 1 for a 


maximum efficiency of 36.2 per cent. 


than this, but was attained with an increased amount of pulp. 


Column 5 on Cason slimes shows higher efficiency 


Table 38. Operations of air-lift at Chino Copper Co. 
Elevation above sea-level about............... 5600 ft. 
cio ht Of Misi MoM oe Men m Rts sos. c.s eattepevntrefsceu 40 ft. 
Submerpence. vo eets see es esas Naeese sda 83 ft. 4 in. 
Best submergence (from 80 tests)............5 67.6 per cent. 
Month of Month of 
Averages highest lowest Anterage 
: \ of 16 mo. 
efficiency efficiency 
ISOC CIS IDET) CE ire dscns. Me Seasis ion spestaecouseeuacPneaee 36,445 18,700 31,723 
MD VAG ONS DOL Gay ciage,cusesecaseueveiers snaveue va son eoe eter 5473 2805 4758 
Revolutions per minute of compressors........ 86 66 85.7 
MMEETTONS DCL MMOL. walueker ccs oe et ois mere ore 13.0 22.0 
ID Eye vOnSyper MUUUtCE tact ye lec ere tun sete ge mete 3.8 1.94 3.30 
Cubic feet of piston displacement per minute. ... 1504.1 1154-3 1498.9 
Actual air, cubic feet per minute.............. 1240 952 1242 
Gallons of DPulp=per minute... .........-2.-- 5514 2830 4793 
Cubic feet of actual air per gallon............ 05225 0.336 0.2595 
Indicated horsepower in steam cylinders....... 150 igs) 150.2 
Auxiliary horsepower (10 per cent. of above)... 15.0 11.5 15:0) 
LNotal horse pOwiers seen twee cis es sieve vcs roar t 165 126.5 165.2 
Wisiber "DOLSEPOW.EL sine aucts 6 < rye ess © cps ele oe. the es 61.3 31.4 53.3 
Efficiency based on indicated horsepower in 
Shean CVAMNOOM Bre spire ete tue iets sudo ye sce vee 40.8 27.38 35.5 
Efficiency based on total horsepower.......... 312 24.8 B22) 
Table 39. Tests on air-lifts at East Rand Proprietary 
1 2 3 4 5 
Naterial elevated. vse et > vee ote ate oe one ot Angelo Angelo Angelo Cason Cason 
slimes slimes slimes sands slimes 
COTA Ge kati p recin cirkoonionorc MOA beac No. 2 No. 2 No. 2 No. 1 No. 2 
Submiergencepitij iia Avie. IOs 52.528 | 45.696 | 39.895 78.17 87.54 
TETHON Ke EPaae cis et Cree ta Grace aD ra tha ws kiero 26.8 33.6 39.5 43.0 17 33 
Submergence Aft. 0752 is. sous sine sles es 1296 SW 86 SAS Ole jh Se T2166, a1 
GA espLEsSULe ws ws blitat eit ele te alts te stacane tov’ 24 21.5 18 34.5 14.785 
Free air per minute, cu. ft.............. 822.5 1410 2820 892.5 854.57 
Free air per cubic foot of pulp.......... 2.28 3.91 7.83 2.418 1.871 
Cubic feet of pulp per minute........... 360 360 360 369 456.7 
Throat velocity, feet per second,........ 6.03 6.03 6.03 8.526 7.612 
Theoretical horsepower...............-. 18.49 23.18 225, 31.05 15.182 
Horsepower per cubic foot of free air per 
TIDETTAN bh seagate ce eres sao Fl bodice dcmasa nv ol Fagsiaes co 0.068 0.063 0.055 0.088 | 0.04775 
Air horsepower (adiabatic).............. 55.93 88.83 155.6 78.54 | 40.706 
PMICIEney Jeske ces Shee, TA 33.1 26.1 17-5 39.5 37.206 


16. Feeders 


Feeders are necessary whenever it is desired to send a uniform stream of 
dry or moist ore to any kind of machine, since dry or moist ore, whether 
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coarse or fine, will not flow uniformly from a reservoir of any and through a 
gate except when regulated by some type of mechanical feeding mechanism. 
The requirements of a satisfactory feeder are: (a) It must be positive (0) 
once set for a given rate it must deliver at that rate irrespective of the amount 
of ore ahead of it. (ce) It must be readily subject to adjustment to vary its 
delivery rate. (d) It must start under load, and stop without spill. (¢) 
It should be adapted to the size of material to be handled. The commonest 
types of feeders are: (1) traveling bands of articulated pans, called, apRoN 
FEEDERS, or of belting, called BELT FEEDERS; (2) revolving pulleys or rollers 
with smooth or irregular surfaces, called ROLL or PULLEY Or ROTARY FEEDERS; 
(3) shaking or reciprocating plates; (4) plungers; (5) screws; (6) revolving 
disks. Movable grizzlies (Sec. 5, Art. 4) are used for coarse-ore feeding and 
special forms of feeders are used with cylinder mills (Sec. 4). 

Apron feeder (Fig. 45) is used for coarse ore. It consists of a short pan 
conveyor (Art. 2) set underneath the bin or hopper to be discharged in such a 
way that a part of the weight of the filling rests on the carrying surface. 


Fie. 45.—Apron feeder delivering to belt Fie. 46.—Swing-hammer feed 
conveyor, regulator. 


This surface should be sufficiently uneven to make the feeder positive. If the 
lumps are large and there is considerable pressure of material above the feeder 
tending to cause the material to pack, the pans should be deeply corrugated, 
but if the material is fine or does not tend to bridge at the hopper mouth, a 
smooth surface may be used. If desired, the bin gate can be eliminated and 
replaced by a swing-hammer regulator (Fig. 46). This device, as shown in the 
sketch, automatically adjusts itself to the passage of large lumps, while acting 
in general to maintain a layer of feed of even thickness on the apron. Heavy 
chains, steel rail and the like are used as substitutes for the swing hammer. 
A disadvantage of this device is the fact that if the swinging part breaks for any 
reason the broken steel is apt to go into the crusher. A device to prevent this 
contingency (112 J 660) consists of, say, three steel rods bolted at several places 
to the swinging part and fastened to the support; these will hold the parts of a 
broken hammer until it is discovered and removed. 


Speed of apron rmEpprRs ranges between 5 and 20 ft. per min. The usual widths are 
24, 30, 36, 42, 48 and 60 in. and the distance between sprocket centers 36 to 42 in. 

Capacity depends upon rate of travel, width, and size of material. The thickness of the 
layer must be at least as great as the size of the maximum lump, if a fixed slide gate is used 
on the bin; but if a swing-hammer regulator or its equivalent is used, the layer may be thin- 
ner. Tons per hour are approximately equal 3wts, where w, t and s are width of the feeder 
in ft., thickness of the layer in ft. and speed in ft. per min. respectively. This assumes 20 


cu. ft. of broken material as piled on the conveyor to weigh one ton, which is equivalent to an 
allowance of 56 per cent. voids. 
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Pan conveyors are used in place of apron feeders when it is desired to both transport and 


feed the material (see Fig. 47). At Unrrep Comsrocx a 48-in. pan conveyor with wood- 
cushioned pans was used to feed from the coarse-ore bin. It was driven at 9 to 15 ft. 


Track hopper 


Carrier 
bucket 


. Fria. 47.—Pan-conveyor feeder from bin to crusher, 


per min. from the head shaft by means of a direct-connected motor with double-gear speed 
reducer (114 J 848). This conveyor both fed and elevated to a grizzly preceding the pri- 
mary crusher. At Onto Copper Co. (99 J 749) stock apron feeders used for coarse ore 
worked well but the plates bent in time. At = 
INSPIRATION (121 J 726) special feeders with ee 

manganese-steel plates (PLATENS) of the form 2 SSS 
shown in Fig. 48 were used to feed run-of- XS VEZ 
mine ore from bins to the primary breakers. KS (a) 

Instead of having rollers on the link pins to 


run on a track, the rollers were stationary White-iron - 
and supported the links on the loaded run and shirt set 2 
the platen flange on the return. The platen N 

p g Bate Clearance. 


width was 4 ft.; width between skirt plates, 42 
in.; length between sprocket centers, 42 ft. 
6in.; maximum thickness of ore stream, 2 ft.; (6) . 
maximum load, 7 eu. ft. per ft. of length (= 0.35 ; : 
ton); average maximum load delivered, 300 Fic. 48.—Transverse (a) and longi- 
tons per hr., including many stops for picking tudinal (b) sections of manganese-steel 
waste and to prevent overloading the crusher. platens on apron feeders at Inspira- 
Motor input at 20 ft. per min., 5.36 hp. empty tion. 

and 7.50 hp. loaded; at 10 ft. per min., 3.43 

and 4.29 hp. respectively. Short feeders (7 ft. 6in.), the same width drew 3.21 hp. empty 
and 3.75 hp. loaded when running 40 ft. per min. and fed about 12 tons per min. 


Belt feeders are essentially short belt conveyors so placed under an inclined 
chute that they control the discharge of material therefrom. The method of 
placing relieves them from any part of the static load of the material in the bin. 
The head pulley must be placed so that the surface of the material at rest in 
the chute falls behind the vertical plane through the pulley shaft. Belt feeders 
frequently and properly replace apron conveyors for fine ore but are unsatis- 
factory for coarse ore since uneven loading by heavy lumps deforms them so 
that material spills, and because wear is excessive. Occasionally the belt sur- 
face is armored as shown in Fig. 49 (111 J 63). The material list for the feeder 


pictured follows: 


Six common flat boxes, 11546-in. 12 bolts 44 X 714-in.forsame. 1214-in. mal. washers, 
for same. 1 shaft 11546 in. X 3 ft. 2 in.; keyseated for 10 X 15 pulley and ratchet wheel. 
1 shaft 11546 in. X 2 ft. 6 in.; keyseated for 10 X 15 pulley. 1shaft 115{6in. X 3 ft. 4 in.; 
keyseated for 14 X 414-in. pulley and crank disk. 6 split safety collars, 1'3i6-in. 9 ft. 3 in. 
of 4-ply rubber belt, armored as shown. 2 c. i. solid pulleys 10 X 15 in., 11946-in. bore. 
1 ¢.i. solid pulley 14 X 4% in., 115{6-in. bore. 1 ratchet wheel (15% in. outside diam., 
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face 2% in. +), with arm; 115{6-in.-bore. 1 crank disk, 15 in. diameter, face 2in. +; 11546-in. 
bore as shown. 1 crank pin 156 in. X 4in. +. 1 connecting rod with ends, as shown. 
1 pin, 1546 in. X 6 in. -k, with washers and keys. 1 pawl, 2 in. X 6in. X 214 in. with pin, 
washers, and keys. 1 pawl, 2 in. X 6 in. X 214 in. with pin, washers, keys, and box. Armor 
plates and rivets for belt. 
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Fie. 49.—Belt-apron feeder. 


The price in 1921 was $157 against $285 to $350 for plunger feeders and $300 for roll 
feeders of equal capacity. 


Capacity may be calculated by the same formula as for apron feeders. 


Roller feeder. (Fig. 50.) The diameter and setting 
of a feeder of this type should be such that a tangent 
to the front surface of the roll, drawn from the lower edge 
of the hopper gate, makes an angle with the horizontal 
less than that of the angle of repose (#) of the material 
and less than the sliding angle (6) of the material against 
the roll face, and at the same time the angle of the tan- 
gent to the roll face at. the rearmost point of contact of 
the ore therewith should be less than @. Skirt-boards 
must be used to confine material on the roller. Rolls 
from 12 X 12-in. to 48 X 48-in. are commonly used, the 
larger diameters for coarser feeds and the greater widths for larger capacities. 


Fie. 50.—Roller 
feeder. 
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ADVANTAGES are simplicity of desigr, large capacity, low speed and low power consump- 
tion. Disapvanracss are that delivery is almost directly below the feed point and there 
is considerable loss of head room. f 

At Miami Coprrr Co., a 48 X 48-in. roller feeder had two spiders; face, 1% in. thick, 
protected by 14-in. manganese steel plates bolted on. It was driven by ratchet and pawl 
with six possible speed changes. 

Wear on drum surfaces can be materially lessened by grooving the surface transversely 
or by bolting on transverse angles, thus preventing sliding. Such provision is useful, also 
-when material tends to pack and bridge at the hopper mouth. Rubber bands (see Sec. 13, 
Art. 5) should be useful in this service. 

Peripheral speed of 5 to 20 f.p.m. is usual. 

Capacity in tons per hr. is given approximately by the formula 7 = 3xdwin, where 
d, w and ¢ are diameter of roll, width of roll, and thickness of layer of material thereon 
respectively in feet and n = r.p.m. of roll. 


Rotary feeder (Fig. 51) is used where close regulation of fine feed is desired. 
Tt is usually placed in a 
hopper-discharge chute (b) 
and lacks the positive 
features of the apron and 
roller feeders but with a 
freely-flowing fine feed, 
or one that can be stirred 
by revolving prongs as 
indicated in (b) a remark- 
ably close estimation of 
the quantity passed may 
be made by attaching 
a revolution counter to 
the feeder shaft and 
carefully calibrating the 
quantity delivered 
against r.p.m. The chute 
form (a) is less com- 
mon. ‘The figure illus- 
trates the use of ratchet- 
and-pawl drive, which (a) (b) 
is probably the best for Fre. 51.—Rotary feeder. 
slow-moving feeder. 

Reciprocating-plate feeder (Fig. 52). In moving forward into the position 
shown in (a) a layer of material is carried forward on the plate and more 
material settles from the 
hopper onto the rear portion 
of the plate. On the re- 
verse stroke the plate slides 
under the material and that 
material at the forward end 
of the plate has its support 
withdrawn and falls. Widths 
range from 12 to 48in. The plate may be supported on wheels, as indicated 
in the figure, or suspended by rods. 


Fic. 52.—Reciprocating-plate feeder. 


The sprsp is usually below 30r.p.m. Srroxr pencrs depends upon the size of material; 
it should be great enough to prevent bridging above the plate at the end of the forward 
stroke; usual lengths are between 4 and 12in. Capacrry may be estimated from the equa- 
tion 7 = 3ltwn, where w, | and é are effective width of feeder, length of stroke and average 
thickness of layer on plate in front of hopper gate respectively, in feet, and =r.p.m. This 
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feeder is suitable for both coarse and fine ore, provided there is no tendency to pack and 
bridge in hopper mouth. Wear on the plate is considerable and the hopper must be emptied 
in order to make renewals. The drive should be through a geat, and a flywheel to overcome 
the inertia at reversing is advisable. 

When this type of feeder can be mounted so as to remove the static weight of the column 
of ore, e.g., under the end of a chute, 
it may be run at higher speeds and 
becomes a shaking feeder. The opera- 
tion is then the same as that of shaking 
screens (see Sec. 5, Art. 6) and, in fact, 
screen or grizzly bottoms are often pro- 
vided. Such an arrangement is par- 
ticularly desirable in loading a mixture 
of medium-coarse and fine material 
onto a belt conveyor, asit permits the 
fine material to load onto the belt first 
(see Fig. 53) and thus decreases wear and 
lessens slip and tumbling of the coarse 
lumps; material thus loaded is also ex- 
cellently arranged for hand picking. 

Vibrating-tray feeder is a form of shaking feeder; the feed trough, inclined slightly 
(5 to 10°) is hinged at the upper end and supported on an adjustable stirrup at the lower end 
so that it is just lifted by a projection on a revolving shaft, e.g., a square corner or cam ear, 
and then dropped. The vibration thus set up is sufficient to move dry, pulverized material 
readily and if the number of vibrations is between 240 and 600 per min. will give substan- 
tially continuous, uniform movement. The feeder is not suitable for heavy loads nor coarse 
material. 


Plunger feeder (Fig. 54) consists of an 
eccentric-driven plunger working in an open- Bs 
top trough placed below the mass of ore to | Oo OA 
be fed, or replacing a side-draw chute; unless 5 . Tee = 
the hopper is shallow, the latter is the better 
position. 


Fic. 53.—Shaking grizzly loading conveyor. 


Fic, 54.—Plunger feeder. 


Sprrep is usually less than 30 strokes per min. and stroke length from 3 to 6 in. Capaciry 
is estimated similarly to that of the 
preceding feeders. 

Screw feeder (Fig. 55) is sometimes 
used for closely regulated positive feed- 
ing of fine, free-running soft material; 
it is useless for sticky material and 
wears rapidly with gritty substances. 
Screws range from 6 to 12 in. diam- 
eter, speed up to 80 r.p.m., capacity 
of a 6-in. screw at 80 r.p.m. is roughly 

te 90 cu. ft. per hr. and of a 12-in. screw, 
Fra. 55.—Screw feeder. 700 cu. ft. 


Challenge feeder (Fig. 56) is of the revolving-disk type; it consists essentially 
of an inclined circular plate or disk 
(J) forming the bottom of a chute or 
hopper (L) which is open at (M). 
Disk (J) is revolved slowly by bevel 
gears on shaft (J), which is driven 
by the friction pawl (D) attached 
to lever (B). When the feeder is 
used with gravity stamps, (B) is ac- 
tuated by connecting rod (Ff) and 
lever (G) from a feeder tappet (H) on 
the center stem of the battery. The 
feeder may also be pulley driven, in Y 
which case a cam on the pulley shaft Fic. 56.—Challenge feeder. 


lifts (B). Speeds of (J), and hence feed rate, are varied by varying the down- 
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ward return of (B) by means of the tension of spring (NV). The pulley-driven 
form requires relatively little headroom, compared to other forms of feeders. 


: Stirrup feeder is essentially an undercut concave gate (Sec. 19, Fig. 29) eccentric-driven 
with a transverse baffle placed centrally in the box above the swinging gate and clearing ihe 
latter sufficiently to prevent wedging. This baffle holds material that falls onto the gate in 
place so that the gate moves from under and drops it at each oscillation. It has been used 
frequently for fine-roll feeding. 


17. Distributors 


It is almost invariably necessary to split the stream of ore passing through a 
mill at some point or points in its flow in order to distribute the parts to par- 
allel treatment processes; thus the product of a primary breaker must, fre- 
quently, be sent to two or more secondary breakers; the product of inter- 
mediate crushing to a battery of grinding machines and the product of one 
grinding machine to a battery of concentrators. The method employed for 
distribution of moving streams depends primarily upon accuracy required. 
CRUDE SPLITTING may be done by spreading the stream into a shallow and 
roughly-rectangular section and then inserting diverting vanes into the 
stream, at the central point, if halving is desired, etc. ACCURATE SPLITTING 
may be effected by the method employed in many mechanical samplers (Sec. 
21) i.e., by contracting the stream into a substantially equidimensional sec- 
tion and delivering it to a compartmented vertical drum, either the drum or the 
delivering mechanism being made to revolve on a vertical axis in such relation 
to the other that when the compartment-dividing walls cut the stream the 
stream is flowing substantially in the plane of the wall. 

Coarse material. Except in sampling, distribution of streams of coarse material rarely 
requires accurate splitting; for crude work the stream from a chute, conveyor, or the like 
is allowed to fall freely onto the upper edge of vertical partition walls between fixed chutes. 
Only a two-way split makes any approach to accuracy owing to the fact that the center of 
the stream flows most rapidly and is coarsest. Bins with multiple gates are probably best 
for distribution of coarse dry material to a number of parallel machines. 

Launder splitting is frequently employed for fine fluid pulps. The simplest arrangement 
is to fork the launder and place a hinged metal plate extending the partition wall upstream; 
this may be moved until the desired proportion passes down each fork before fastening into 
place. Multiple splitting is best effected by repetition of two-way splits. 

Revolving distributors. The commonest form for fine pulp is typified by 
Fig. 57. The feed is led into the central compartment of the revolving tub 
(a), overflows at notch (b) (4 in. wide in the figure) into the annular launder (c) 
and thence through spout 
(d) successively into com- 
partments (e) in the outer 
tub. Hach compartment 
delivers through (f) to its 
proper pipe or launder. 
SPEED is 20 to 30 r.p.m.; 
pulsation of the resulting 
streams is lessened by 
making hole (f) small 
enough to prevent im- 
mediate emptying of its 
compartment. 


Distributors with revolving 
compartmented drums _ are 
rare. They discharge through 
pipes at different radial dis- 
tances into corresponding fixed * / 
annular troughs and thence to f 
launders. 


J 
Fic. 57.—Revolving distributor. 
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Definition. Sampling is the operation of taking from a given lot of material a portion 
that is as nearly representative of the whole as is economically possible and is of convenient 
bulk for testing or analysis. It usually involves two operations, (a) crushing to reduce the 
size of particles, and (b) cutting down or dividing the lot into two parts, one of which is 
usually of much smaller bulk than the other and constitutes the sample. The scope of the 


present article is sampling of broken ore and various mill products. For sampling mines see 
mining texts and handbooks. 


Factors affecting ore sampling. The principal elements in any sampling 
problem are (a) the weight of sample to be taken, and (b) the method of taking 
the sample. 

The first question involves consideration of one or both of the following: 


the weight necessary to fulfill the purpose of the sample, and the minimum 
weight that will represent the lot. 


1. Weight of sample 


Weight necessary for assay sample will vary from a minimum of, say, 100 
gm. to a maximum of | kg., the latter amount being sufficient to allow any 
necessary number of repeat or umpire assays. The amount actually weighed 
out for assay will vary from 0.5 gm. on high-grade base-metal concentrate to 
several assay-tons (29.166 gm.) on spotty gold ores. For SCREEN ANALYSIS the 
necessary weights range from 50 gm. for a single analysis of 100-mesh material 
or finer to 20 kg. for 1-in. material, and proportionately larger amounts for 
coarser sizes. For LABORATORY AND SMALL-SCALE MILL RUNS the necessary 
quantity will vary from a few pounds to many tons, depending upon the extent 
investigation. 

Minimum weight of sample allowable in order that the sample may repre- 
sent the lot depends upon (a) allowable error, (6) worth ef valuable mineral, 
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(c) size of largest pieces in lot, (d) size and number of pieces of valuable min- 
eral. Note that (b) and (d) are the elements of the grade of the ore. 


Allowable error is determined by the purpose for which the sample is taken. 
The least error is allowed in taking samples for assay. Great error is allow- 
able in the case of samples taken for preliminary treatment tests, and the like. 

~The allowable error in sampling for assay is least when the assay is to form the 

basis for settlement between buyer and seller. The limit is practically fixed 
by the accuracy of the methods of assay used, it being, of course, unnecessary 
to carry refinement in sampling beyond the point reached by ordinary com- 
mercial methods of analysis. Accuracy of analytical methods on different 
products is presented in the following paragraphs. 


Gold. Duplicate assays by the same assayer should check within 0.02 oz. on low-grade 
ores; the discrepancy should not exceed 0.05 oz. on 5-oz. ore, while a 0.1-oz. discrepancy is 
permissible on 5- to 20-0z. ore. (Lodge, R. W., notes on assaying, John Wiley and Sons, 1919; 
Smith, H. A., The sampling and assay of the precious metals, Chas. Griffin & Co., Ltd., London, 
1913.) Two assayers working on the same pulp or on samples cut from a small, finely-pul- 
verized lot should check within similar limits, according to most writers. Fulton (7P 
83, USBM) states that differences of 0.02 to 0.05 oz. are usually split on 1- to 2-oz. 
ores and of 0.04-0z. on ores running above 2 oz. Barbour (92 J 314), gives 0.05 oz. as the split- 
ting limit and Whitaker (105 J 538), 0.02 oz. Seamon (A manual for assayers and chemists, 
John Wiley and Sons, 1910) states that 0.01 and 0.2 oz. covers the usual splitting range, but 
recommends that umpiring be resorted to when the difference between buyer’s and seller’s 
assays on a 50-ton lot exceeds 0.1 0z. Table 1, arranged from Brunton (40 A 567), presents 
figures of actual mill results on a variety of ores. By comparison of the last four columns, 
the degree to which sampling checks assaying may be observed. Table 2 was prepared 
from data given by Woodbridge (7P 86, USBM) based on results obtained from ship- 
ments of one mine to various sampling plants. It shows the degree to which buyer and seller 
may be expected to check on the same samples of various grades of ore. The detail (not 
presented here) shows that buyer’s assays are rather consistently lower than seller’s which 
leads to the belief that deviations shown in this table are not due entirely to physical diffi- 
culties. Table 3, arranged from the same source as Table 2, is a comparison to indicate the 
degree to which duplicate samples may be expected to check. Note that, in general, greater 
difference exists between duplicate samples than between assays by buyer and seller. 

The above figures indicate that sampling should be accurate to within at least 1 per cent. 
on a 5-oz. ore while an error of as much as 5 per cent. would be allowable on 0.5-oz. ore. A 
hard and fast rule as to allowable difference cannot be set for all cases. Many ores present 
physical difficulties in sampling and assaying which must be taken into account when setting 
a standard for accuracy. In any case, however, although individual assays may not check 
closely, an average of several or many assays ona sample should closely approximate the 
true value of the sample. 

Silver. Duplicate assays by the same assayer, doing the most careful work, should 
eheck within 0.2 to 0.5 oz. for ores up to 50 oz. In ordinary work differences up to 1.0 or 
2.0 oz. maximum may be expected (Fulton, Seamon). On high-grade ores duplicates should 
check within 1 per cent. of the total silver content. Assays on duplicate samples by different 
assayers should check within 0.5 to 1.0 oz. for average (10- to 20-oz.) ores (Fulton). On 
high-grade ores differences of 1 per cent. are allowable. The usual splitting limit between 
buyer and seller is 0.5 oz. 

Tin. Ordinary cyanide fire assays by the same assayer should check within 0.2 per cent. 
metal for low-grade ores to 0.5 per cent. for high-grade ores. (W. A. MacLeod and C. 
Walker, Metallurgical analysis and assaying, C. Griffin and Co., Ltd., London, 1903.) 

Other metals. Table 4 presents limits for commercial work using volumetric methods. 
Duplicate electrolytic assays for copper should check within 0.03 per cent. metal on 20 per 
cent. to 60 per cent. ores and 0.02 per cent. on ores less than 20 per cent. (MacLeod and 


Walker). 


Worth of valuable mineral. The preceding text and tables show that on 
gold ores and concentrate the allowable error is, in general, under 0.05 oz.; 
on silver ores, under 0.5 0z.; on copper ores, from 1 to as high as 10 lb. per ton; 
and on zine and lead, as high as 20 Ib. per ton; increasing as the worth of the 


valuable mineral decreases. 
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1128 SAMPLING Sec. 21. 


Size of largest pieces in lot and size and number of pieces of valuable min- 
eral present are interdependent in their effect on the minimum weight of sam- 
ple allowable and affect this weight because of the fact that accuracy requires 
the inclusion in the sample of a certain minimum number of individual pieces 
rather than of any given weight of material. The significance of this state- 
ment will be seen from a consideration of the following possible and usual 
cases. 


(a) The lot is a mixture of individual particles of pure valuable mineral and pure gangue, 
all of the same size. The valuable mineral may all be in one piece. In such a case nothing 
less than the whole lot is a correct sample. If, however, the lot contains a known large 
number of pieces of valuable mineral and after careful mixing is divided into parts, the prob- 
able number of pieces in excess or deficit in any part may be determined by experiment or 
mathematically. The part taken may then be said to represent the whole if the effect on its 
value of pieces in excess or deficit is within the allowable error for sampling operations. If 
the whole lot is now taken and crushed so that the diameter of each particle is reduced one- 
half, the number of particles then present will be eight times as many as originally. A 
sample portion of this crushed material, in order to contain the same number of pieces of 
valuable mineral as above and, therefore, to have the same probable error, need be only one- 
eighth of the weight taken above, 7.e., the sample weight varies as the cube of diameter of the 
particles. If wi, we, ws, etc., = the weights to be taken at sizes Dj, Dg, D3, etc., respectively, 
then w/w = D,3/D23 or w)/Dy3 = we/D2*? = w3/De23, ete., or w/D* = k (ore constant) 
and w = kD3. Application of this formula for weight of sample cannot be made to usual 
cases met with in ore sampling, as the conditions obtaining in crushed ore are different from 
those assumed in deriving the formula. 

(b) The lot is a mixture of particles of different sizes, all of which contain both valuable 
mineral and gangue in varying proportions. This is substantially the condition in all coarse 
ores. For any given ore there is a particle size above which no valuable mineral can occur 
as a separate piece and likewise a size above which no gangue can so occur. In this case the 
pieces containing the greatest amount of valuable mineral have the greatest effect on the 
value of the part taken for the sample. When in exeess or deficit, the effect of such pieces is 
determined by the difference in grade between them and the pieces of average grade that they 
replace, or their effect is equivalent to that of smaller pieces of pure valuable mineral. The 
allowable number of pieces of highest grade in excess or deficit is greater than if these pieces 
were of pure valuable mineral, hence a smaller sample of material containing such pieces can 
be taken. With coarser and coarser pieces making up the ore mass, the difference in value 
between a piece of highest grade and pieces of average grade becomes less and less and the 
value of each piece comes nearer to that of the whole. 

(c) The lot is a mixture of pieces of pure valuable mineral, pure gangue and particles 
containing both valuable mineral and gangue. This is the case most frequently met. If 
all the pieces are of the same size, the maximum error is introduced when a piece of pure 
valuable mineral replaces a piece of pure gangue or vice versa. However, the number of 
pieces of pure mineral is less than the total number of pieces containing valuable mineral and 
the probable number of such pieces in excess or deficit in the sample is, therefore, less, so 
that their effect on the value of the whole is less than if all pieces were of pure valuable 
mineral and pure gangue. Further, the probability that such pieces will replace picces con- 
taining both valuable mineral and gangue is a factor that decreases their effect. If the 
material is composed of pieces of varying size, the coarser pieces are more likely to be those 
containing both valuable mineral and gangue while pieces of pure mineral and pieces of pure 
gangue are more likely to occur in the finer sizes and to have, therefore, small effect on the 
value of the sample. Consideration of the conditions discussed in (6) and (c) leads to the 
conclusion that if, at any given size, a sample is taken, the weight necessary to give the same 
degree of accuracy at finer sizes will be greater than that indicated by the rule (w = kD3). 
Likewise at coarser sizes the weight of sample necessary will be less than indicated by the 
rule. Successive crushing operations on a lot of ore produce changes in the conditions in 
which valuable mineral and gangue occur. In the coarsest sizes practically all of the valua- 
ble mineral occurs together with gangue in all pieces. With decreasing size mineral is 
gradually freed from the gangue and in the finest sizes it is practically entirely free. Dif- 
ferences in friability of gangue and valuable mineral cause increase in the amount of one or 
the other in finer sizes at each stage as crushing progresses. 


Relative specific gravities of the valuable and gangue minerals will deter- 


mine the effect that one particle of a given size in excess or deficit will have on 
the value of the sample, 
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Table of sample weights. The difficulty of deriving mathematical for- 
mulas to take all of above factors into account is apparent. The usual way to 
determine the sample weight required at any size is to reckon on experience 
with the particular ore to be sampled or experience with ores in general. The 
tendency is to allow a sufficient factor of safety by taking a sample large enough 
to cover possible unforeseen sources of error. Variations in the weights taken 

‘in practice, on ores of same class are not always due to disregard or misunder- 
standing of the principles involved, but to local conditions and the facilities 
available. 


Brunton (25 A 826) presents diagrams based on mathematical calculations to determine 
the weight of sample at different sizes when the specific gravity of the richest mineral and 
the ratio of grade of the richest mineral to the average grade of the ore is known. The dia- 
grams are based on the reasoning that the allowable error is equal to the difference between 
the value of the probable number of pieces of valuable mineral and the same number of 
pieces of average value which they would replace if in excess or deficit. Results show that 
if such conditions remain the same throughout all sizes the weight of sample should vary as 
the cubes of the diameters. Full account is also taken of the fact that larger pieces than the 
theoretical cube are found in the undersize of a screen, due either to irregularity of the screen 
or the presence of elongated pieces. Use of these diagrams is limited to cases where condi- 
tions are known and where they remain the same throughout all sizes. This is not the 
case with ordinary ores. 


Richards (2 OD, Chap. 19), reasoning from considerations similar to those 
discussed under (b) and (c) above, and noting that in several installations on a 
variety of different ores the weights at different sizes were taken proportional 
to the squares of the diameters, calculated a table for different grades of ore, 
using one figure from practice in each case and calculating the rest. 


Columns 1-6 in Table 5 were prepared from Richards’ table. Column 7 shows weights 
obtained by applying the rule that the sample weight should vary as the cube of the diam- 
eter. The calculation is based on the assumption that 0.1 assay ton (0.00643 lb.) is a cor- 
rect sample of 100-mesh material. Column 8 gives figures presented by Philip Argall for 
sampling in successive cuts 200,000-lb. lots of 10- to 15-oz. gold ores from CrippLe CREEK. 
The weights in this column vary approximately as the squares of the diameters and lie 
somewhere between the figures in Columns 5 and 6 from Richards. The larger figures in 
parentheses are recommended for an added factor of safety for certain ores. Column 11 
summarizes results obtained from examination of 55 flow-sheets of sampling plants. The 
weights are based on 100,000-lb. lots, the figures being averages for different sizes. In 
averaging, some excessively high or low weights for any one size were omitted. The results 
lie between columns 3 and 4 for medium ores as given by Richards. This is as might be 
expected and indicates that*practice generally has followed the rule that sample weights 
should vary as the squares of particle diameters. Columns 9 and 10 give maximum and 
minimum figures from the flow-sheets used in averaging; figures in parentheses are highest 
or lowest figures. 

Columns 12 to 15 inclusive, present sampling standards suggested by Demond and - 
Halferdahl for base and precious metals. These data were set down in an attempt to obtain 
logical figures based on a combination of experiment and mathematics rather than on 
arbitrary application of the rule of squares. Their method is based on the assumption that 
the sample weight w should vary as some power a of the diameter D or w = kD® where k 
is 9 constant for any given ore. One gram for base-metal ores and one assay ton for precious- 
metal ores, the amounts usually taken for assays, were assumed to be correct sample weights 
for 150-mesh material. A portion of the ore at-some larger size was divided into a number of 
equal parts and each part was crushed down and assayed. The probable error for any por- 
tion was then calculated and if larger than the allowable error the correct sample weight was 
ralculated so as to obtain a probable error less than the allowable error in 90 to 95 per cent. 
of all cases. Substituting values of weights and sizes in the two instances in the formula 
w = kD“, they solved for k and a, and then calculated the correct weights for other sizes. 
They demonstrated that values of a less than 1.5 should not be used, as the samples would 
be too small. The method is applicable to any given class of ores. With low-grade or very 
uniform ores a will have a low value and with high-grade or spotty ores a high value (see 
Table 5); for ores of intermediate grade or uniform value, a will lie between these extremes. 

While the method of Demond and Halferdahl has much to commend it, it does not take 
into account the changes in relation between gangue and valuable mineral with change of 


See. 21. 
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particle size, but uses the same power of the diameter over the whole range of sizes. Col- 
umns 17 and 18 use one assay ton for precious-metal ores and 1 gm. for base-metal ores as 
correct weights at 150-mesh and take the exponent a as ranging from 3 for material between 
150-mesh and 65-mesh to 1.5 for material between 2-in. and 4-in. This method tends to give 
larger samples at the smaller sizes and smaller samples in the larger sizes. If the assay 
charges need to be larger than one assay ton or one gm., the weight of any size may be found 
by multiplying the tabular figures by the number of assay tons or grams needed to give 
correct assays. 

Column 16 gives the minimum permissible sample weights suggested by Richards for 
GOLD ors. For stuver ores take one-tenth of these values. Inspection of figures in this 
column shows that there is no constant or regularly changing ratio between weights and 
diameters. These sample weights are evidently based on no rule except experience and 
personal judgment as to what weights can be taken at various sizes. 

Examination of sample-mill flow-sheets indicates wide variation in sample size. The 
most obvious relation noticed is the taking of successive 20-per cent. cuts after each reduc- 
tion in size by one-half or the tise of a value for a of about 2.13. 


Weight of coal samples used and recommended by U. S Bureau of Mines 


(Bul. 116, USBM) based on an original gross sample of 1000 Ib. is given 
below. 

Two 5-lb. samples are taken from the 15- 

lb. sample obtained by division of the 30-lb. 

Largest size of coal at 346-in., (p. 1139) so that 5 Ib. is the sample 

and impurities in | Weight ofsample to | weight really taken at this size. Further 

sample before divi- be divided, lb. reduction of the sample yields 6 oz. after 

sion, in crushing to 20-mesh (0.0328-in.) and 3 oz. 

(a after grinding to 60-mesh. From the 60- 

1 1000 (or more) mesh sample 1l-gm. amounts are used in 

34 500 making the various analyses. The weights 

% 250 in the coarser sizes vary as the squares of 

% 125 the diameters of the largest pieces. _Assum- 

WA 60 ing this relation necessary and sufficient, a 

346 30 5-lb. sample at 346-in. is too small; if the 5-lb. 

sample is sufficient 6 oz. at 20-mesh is 


i LS a omer weetlarger than necessary and lems(0.002205: 
lb.) at 60-mesh is far too small. If, however, l-gm. is enough, an undue allowance is 
made in the larger sizes. : 


Weight of samples for screen test should be great enough to give an 
accurate sample at the sizes that are important. The allowable error is influ- 
enced by the care with which the screen test is made. The weights ordinarily 
taken for screen-test samples vary from say 100-gm. for —65-mesh material 
to 5 or 10 kg. of l-in. material. Larger weights may be necessary in special 
cases depending on the accuracy desired and the end in view. 


2. Segregation 


It is most desirable that the mass to be sampled be thoroughly mixed. 
Practical homogeneity is attained with solutions, and the maximum of uni- 
formity, lacking homogeneity, with fine suspensions. In such cases, any part 
can be taken at random as an accurate sample. But in dealing with broken 
ore, uniform mixing is difficult. Ore as mined varies in composition from place 
to place and in breaking, loading and crushing segregation increases. In 
crushing, some of the minerals present, due to differences in hardness and fri- 
ability, break into smaller pieces than others. Vibration of a car transporting 
ore tends to sift the finer and the heavier pieces down through the coarser, 
so that the material in the car is not uniform in value from top to bottom. If 
ore is transported by means of inclined chutes or launders, segregation takes 
place therein. Coarser pieces bound or roll down the chute while finer pieces 
slide slowly along the bottom. Heavier pieces tend to settle near the bottom 
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in the sliding mass. If a chute ends in a free fall, the larger and heavier pieces, 
due to their greater momenta, fall further away from the end than the finer 
and lighter pieces. If the ore is piled in a heap, the coarser pieces roll down 
while the finer remain near the top. Thus, in order to take an accurate sample, 
either the material must be thoroughly mixed or the method must be so 
applied as to take segregation fully into account. 


HAND SAMPLING 


Sampling is done either by hand or by machine. Hand sampling is usually 
expensive, especially on large lots; it is slow, and the personal element enters 
so largely that it is difficult to obtain accurate results. Machine sampling 
should be used where possible and hand sampling applied only where material 
is not suitable for treatment by machine, as with sticky ore, or where machinery 
is not available, or the expense of its installation not justified. 

Hand-sampling methods. The more common methods of hand sampling 
are: (a) grab sampling, (6) coning and quartering, (c) shovel sampling, (d) 
pipe sampling, 


3. Grab sampling 


This is the simplest form of hand sampling. It consists in taking small, 
equal portions by scoop or shovel at random or at regular intervals from the 
mass of material to be sampled. The following variations illustrate practice. 


(a) Grab samples of large heaps of ore are obtained by taking a shovel- or scoopful at 
different points on the surface of the heap. The points may be located by dividing the sur- 
face into squares or rectangles, or the location may be left entirely to the judgment of the 
sampler. If large samples are desired, pits are dug at various points and the whole or part 
of the material excavated is taken for the sample. 

(b) Ore in railroad cars or boats may be sampled as in (a). In this case a net is fre- 
quently placed over the surface of the ore and the sample is taken at the knots in the net, 
or the sampler measures off sample intervals from the sides and ends of the cars with a shovel 
or measuring stick. 

(c) As ore is being loaded or unloaded, grab samples may be taken at intervals along the 


working faces as excavation progresses. 
(d) Where ore is being transported in small lots by wheelbarrows, tram buckets, wagons 


or small cars, a GRAB may be taken from each load and thrown into a box. The box is 
emptied at the end of each day or shift and taken as a sample of the ore transported for such 


period of time. 


Methods (a) and (6), taking samples from the surface only, assume that 
the character of the ore does not change with depth in the heap. Correct 
results can hardly be expected on such an assumption on account of segrega- 
tion. Method (c) is more likely to give results that are accurate, since sam- 
ples are taken from all parts of the mass. Method (d) is also more commend- 
able than (a) and (b) and should, over a long period, give a fair average with 
certain classes of ore. However, it is probable that the samples would run 


regularly high or regularly low. 


E. H. Dickenson (35 SMQ 545) gives the following figures from a small ALASKA mine: 
Ore, medium-grade copper containing chalcopyrite and pyrite in greywacke and slate. A 
2-lb. sample was taken by an experienced man from each one-ton car dumped into a boat 
for shipment. The ore was again sampled at the smelter in a mechanical sampling mill. 
Figures based on two years of work with shipments varying from 200 to 2000 tons each 
showed that the average difference in assay between grab and mechanical samples was 7.1 
per cent. of the copper content and the maximum difference, 28.5 per cent. The percentage 
of cases in which the grab sample was high was 55 and results were more than 10 per cent. 
wrong in 30 per cent. of the cases. Applying these figures to three ores running 2 per cent., 
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10 per cent. and 20 per cent. copper, respectively, errors and the expectation of errors 
would be as follows: 


2-per cent. 
Cu ore. 


10-per cent. 
Cu ore. 


20-per cent. 
Cu ore. 


Per cent. Cu 


Per cent. Cu 


Per cent. Cu 


Average error of grab sample.............--- 0.14 Onl 1.42 
Maximum error of grab sample.... 0.57 2.86 Dome 
Minimum error to be expected in 30 per peat of 

DREGE ES ULCS co cttecte sch si teah Ao yaRh axl coy. Sek eR 0.20 1.00 2.00 


In this ore values did not tend to segregate in the fines to any great extent as shown by the 
following sizing-assay test: 


Usually more than 55 per 


cent. of the results would be 
Sereen, Per cent. of Per cent. of high. It is general experience 
mesh total weight total Cu that grab sampling gives high 
results, due probably to the 
60 30.6 24.8 fact that the sampler avoids 

80 9.5 S.7 large lumps. 

100 6.6 7 0 

100 53.3 59.5 Advantages of grab 
sampling are that it is cheap 
109..0 nes and quick. Drsapvan- 


races: It is difficult, when 
taking a small portion such as a shovel- or scoopful, to get full representation 
of all sizes of particles, especially when lumps are present. Just what part 
of a lump or how much of the coarser and finer pieces should be taken at each 
grab is left to the judgment of the sampler, and either by over-zealousness or 
by carelessness on his part, more of some size than is proper is almost certain 
to be taken. It is also practically impossible to take such an amount of 
material at each grab that every part of the lot shall have proportionate rep- 
resentation in the final sample. 

Applicability. The ore should be crushed to 0.5-in. or smaller before 
sampling. Grab sampling should be applied only to low-grade or very uni- 
form ores, or in cases where approximate results only are desired, or in order to 
detect salting. 


Examples of grab sampling 


Moaotton pistricr, New Mexico (72 A 535). The ore contains gold and silver, both 
native and in argentite, and pyrite in a gangue of quartz, calcite and andesite. Yearly 
averages of composite daily grab samples taken from cars at the scale seldom show a varia- 
tion of more than 10 per cent., generally 3 or 4 per cent., from the value determined from 


addition of the metal produced to that lost in tailing. (See 25 A 826.) Comparison fol- 
lows: 


Case 1 Case 2 
Weight of ore, tons......... 51,862 43,993 
Value, mill average......... $11.084 $10.254 
Value, grab sample......... $11.218 $11.193 
Percentage excess of grab sam- 
ple above mill average... .. 1.20 9.17 


Iron ores in cars or boats are usually sampled by grab-sampling. The methods described 
below are those used by U. 8. Srezn Corporation (1 IEC 107). 
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Car sampling. Samples of about 2 oz. to 8 oz. are taken with a garden trowel or small 
scoop (34 X 244 X 1)4-in.) at 12 places in a 25-ton car and 15 places in 50-ton car. Either 
the PARALLEL Or ZIGZAG SysTPM is used (Fig. 1, a, b, c, d). Lumps met at sampling points 
_ are sampled by breaking off a small piece about the size of the first joint of the thumb. 
| Samples from ten cars are combined, making about 15 Ib. for ten 25-ton cars and 20-lb. for 
_ ten 50-ton cars. With very lumpy ore the ROPE-NET SYSTEM is used. Knots are about 
18 in. apart and the car is sampled in about 
32 places. MoiIsTUR® SAMPLE is taken at 25-ton wooden. 
| three places along the center of each car cars. 50-ton steel cars 
| after removing several inches of surface. ; - 
| Boat sampling. The size of boats varies 
| from 3000 to 12,000 tons capacity, one or 
| two decks, 6 to35 hatches with widths 
| from 12 to 24 ft. Ores vary from very 
fine to all lump. The sample may be 
taken by small scoop (14-, %-, or 1-lb. 
capacity) from grab buckets, while un- 
loading. This method is expensive as one 
man is needed for each grab bucket. 

Sampling of cones is the term applied 
to the following method: The sampler 
starts at point ‘‘A’’ (Fig. 1, e), directly 
under the edge of the hatch and midway 
between the center and side of the boat and 
takessamples at points 1 ft. apart (mea- 
sured by the trowel, which is 12 in. long), 
up the side of the cone, over the apex and 
down on the opposite side. Then simi- 
larly along the other diagonal. The 
amount thus taken is equivalent to about 
one-tenth of the total sample for the 
hatch. After the grab bucket has removed 
all ore within reach, samples are taken 
in parallel vertical lines up the face of the Side 
ore at 1-ft. intervals. The first line is 2 
ft. from the side of the boat and succeed- 


i 
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ing lines are spaced at 4-ft. intervals (Fig. 24’ 4' 4 44! 4 4 4’ 9" 
1, f). This is repeated on the opposite (f) 
face. 
Round sampling is used when opera- 1a. 1.—Sampling iron ores in cars and 
tion of the grab bucket makes sampling boats. 


of cones impracticable or with boats with 

24-ft. hatch centers and decks furnishing protection to samplers. When a 5- or 6-ft. face 
is exposed by the grab-bucket, the sampler takes samples of the face by the same method as 
in Fig. 1,f. The amount taken on this round is about one-third of the total. The second 
round is taken similarly after the grab bucket has removed all ore within reach; this com- 
prises the remaining two-thirds of the sample. 


4. Coning and quartering 


This is one of the oldest forms of hand sampling. It was for many years 
the standard method of sampling throughout the western United States, espe- 
cially for batches of ore whose value was to be determined between buyer and 
seller. It can be used on lots up to 50 tons. Where larger lots are to be sam- 
pled, the first cut is made by some other method and the sample thus obtained 
is further reduced by coning and quartering. 

The method consists in piling the ore into a conical heap, spreading this 
out into a circular cake, dividing the cake radially into quarters, taking oppo- 
site quarters as sample and rejecting the other two. The ore should be 
crushed through 2-in. or smaller ring. The operation should be carried on in a 
room of sufficient size to allow convenient handling of material. The floor 
should be smooth and free from cracks, preferably made of concrete or steel 
sheets; it should first be swept thoroughly clean to avoid salting from 
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. 


a previous lot. The ore is dumped on the floor in two or four piles, or in a cir- 
cular ring. Shovelers then pile this ore into a right-conical heap conven- 
iently placed, taking care to drop each shovelful directly onto the apex. The 
object of coning is to form a heap in which segregation shall be symmetrical 
with respect to the vertical axis. To insure this, successive shovel loads 
should be so taken as to contain similar sizes similarly segregated on the shovel 
and should be so dropped onto the cone that the segregation therein is sym- 
metrical. This end is attained by having the shovelers take successive 
shovel loads from adjacent places around the periphery of the heaps from which 
they are shoveling and drop these loads from successively adjacent points 
around the cone that they are building. Each man should take a shovel load 
of the same size as each other shoveler, and shovel loads should be made 
smaller as the size of the heap being shoveled becomes less. When the mater- 
ial is placed in a ring the men move around the ring as they shovel onto the 
cone. When the ore is all heaped up into a cone, the floor is carefully swept 
and the fines collected are placed on the apex, not swept up against the bottom 
of the pile. The men then start at points near the bottom of the cone and, 
with their shovels held tangentially, drag the material down radially so as 
to form a truncated cone or flat circular cake. In this operation they should 
work around the cone. The cake is then marked off into quarters with a stick 
or board along diameters at right angles. Opposite quarters are shoveled out 
as reject. The remaining quarters, called the sample, are then shoveled into 
one or more piles or into a ring depending on the amount of material, and the 
coning and quartering operations are repeated until the sample is so small that 
further crushing is necessary before further reduction in bulk can be made. 
A cross made of sheet iron or wood with sharpened edges is often used to mark 
the truncated cone into quarters. This is placed on top of the cake with 
the center of the cross directly over the center of the cone and is then pressed 
into the ore until it touches the floor. Such an arrangement is preferable to 
marking off with a single board. Lines of division will be more exact and the 
cross can be left in place to hold the sides of the sample quarters vertical while 
the reject quarters are being shoveled away. Or the cross may be laid on the 
floor before starting the pile and each shovelful dropped over the intersection. 
The cone is then spread out to the thickness of the cross and the reject shoy- 
eled away as above. 

Coning does not mix the ore uniformly. As material is shoveled onto the 
cone the coarser pieces roll down the sides and come to rest on the floor while 
the finest particles remain near the apex. Pieces of intermediate size arrange 
themselves on the slopes of the pile according to their size. The ultimate 
result desired is that the segregation be symmetrical with respect to the axis of 
the cone. If this condition is attained, any sector taken should correctly 
represent the whole. 


Bench or cobbing system, sometimes used to get better distribution of the material in 
the cone, consists in first making a small cone of some of the ore and spreading it out into a 
cake, then making another cone on the center of the cake and spreading it out and repeating 
until all the ore is thus disposed of. This method tends to reduce the effects of accidental 
errors in flattening the cone. 

Advantages of coning and quartering are few. Expensive equipment is not required, the 
only tools necessary being wheelbarrows, shovels and brooms. It can, therefore, be used in 
remote places where more elaborate sampling machinery is not available. It is applicable 
to practically all classes of ore and, in the case of small lots of high-grade material, there is 
no danger of such loss as might occur through leaks and hold-backs in a mechanical sampling 
mill. The fact that all ore is in plain sight throughout the period of sampling is probably 
the chief reason why this method has survived as long as it has, this being esnecially desirable 
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where ore is being sampled for sale. DisapvanTAGEs. The method is expensive, requiring 
frequent handling of the ore by crude means, and much sweeping. The danger of salting 
is considerable. From the standpoint of accuracy the method is susceptible, either through 
accident or intention, to such manipulation during the operation that a true sample will not 
be obtained. As the men shovel from the piles of ore or ring onto the cone, they should all 
push their shovels either radially or at a tangent into the piles or ring. Otherwise the coarse 


_ material will be in a different position on each man’s shovel and when the ore is thrown onto 


the cone the coarse material will segregate unsymmetrically. Further, it is difficult to keep 
the axis vertical. If the axis is inclined, more fine material will accumulate on the side 
toward which it leans. This is called ‘‘drawing the center” and it has frequently been 
brought about in order to make the sample of higher or lower grade, as the operator desired. 
To avoid ‘‘drawing the center” a vertical rod is sometimes placed to mark the axis of the 
cone. When spreading the cone into a flat cake, there is danger that more fine material 
from the apex will be spread over one part than another. During dragging out, coarser 
pieces are pushed along to the outside by the shovels while the finer particles sift through 
and tend to remain nearer the center. As spreading progresses the finer material from the 
center is spread out and the cake obtained tends to have a separation of the coarser particles 
on the bottom and the finer on the top. There is also difficulty in spreading the last small 
portion of fines evenly. For these reasons chances of error are great and the effect of care- 
lessness or willful abuse is difficult to detect. 

_ Time and labor required. The following data are given by Johnson (53 J 111, 132): 
Ex Paso Smettine Works. Mexican labor, coning and quartering a 2-ton sample taken by 
the tenth-shovel method: 


4000-Ib. lot. 
4 men, 1 on wheelbarrow from platform to crusher, 1 man at crusher, 
2 men with wheelbarrows carrying ore from crusher and forming 


CIRCULATING ante tie Ae: Sek eee aT Gad oxade hae crranls “shoe he bas 45 min. 

4 men shoveling from ring to cone 6-ft. diam., 3.5 ft. high.......... 20 min. 

4 men spreading to truncated cone 9 in. high at center, 5-in. at cir- 
Gumterencetin, ve .lieail. sheen Son BOR RU ihe, ERATE fie 5 min. 

4 men cutting quarters and removing reject...........6.0. 00-505 10 min. 
Motalmasment tess praes . Vee eee ee bin edge lee eyitee pel od wep ieedes. aged 80 min. 


2000-lb. sample; 4 men. 


SOME EAL ONS TDG cee enh Re! Sen ered: uote Rebcncn Bapetn a SP raaks dugg “Sains, tes 6 min, 
I Teg TN COIN site de a ee oct ey Steet RPE fe Se ME REN Sekai Noth Cael Lycee bees 9 min, 
pie acin See ate keer eee Totter Ase ias Es foe el ante sis 3 min. 
TER ES Oe Pe ee De ee ee See ieee eee mere ee 5 min. 
Matal; Armen wh hl...ctasvermdae Ja0k oc eek. Ah as nae ettenid. Saeed 23 min. 
1000-lb. sample; 4 men. 
PVT iMN Ceri R ADO EC OMG mir arr a nies Acree tteneas peer ect AOE cone otrat ee? epee ens 12 min, 
SIeIWERYG UENIOS , B.S tim dofleeacnOaceeicnal ee crn P wonpac ite ti bee eee ir go A hirer Barge 2 min 
AB bal hia wating: 9, cepa RoR ee AoA ORS OBR Sea RSC SST Ea Ee eter he tra 3 min. 
Cicada eT esa ay sit still NAH Skies, a lls Ube aust ie Mb wrnastagoty tadieaal teva 8 cke 17 min. 
500-lb. sample; 4 men. 
PEACHUSH OC MINE OLS 1 Osea O=1Iey See ene ce TR Ee EO SEF RIP PR ER PP, 35 min. 
TRAN RA Mle 500 GI Pe ORC ERT ORS oechce a Mer eee & cag ny CUE AINE ce HOMER. aOR ORD CER Cae a 155 min. 
5600-lb. sample; 2 men. . Bis 
Piled in a heap, spread to a circle, pushed out to ring............. 15 min. 
Makin sveonet(s fb. diame, lesout. high) pases. tac ec. eee cre cnet 5 min, 
Spreading (6.5 in. thick at center and 3 in. at circumference)...... 3 min, 
all Valin OP Pa teremCera et teL cae Aca tese th caste taste th alaa pr esaielg tos: ete terarelian sh eit ets 2 min. 
TRGR GE Gy PA FABIEN tales cbiner Ree leo le Leo 1Ote SRRREH Ee ac ia tec RD ma ene 25 min. 
250-lb. sample; 2 men. om 
@roundsintrolls:toypassilO-meshizane Sno okey cies ie.. «ode ore ee aah stn vedas 35 min, 
IN ERateveen a tapes are hg Recto Getter, On Bl ae her Oo toes ROP ces tiy Sarre ne 2, min. 
Walon ssCOne aismer se elesere crite omens RoiMo ie kebin ts Maret sy ceed os nied = 4 min. 
Snreadinga (Oil tee routs) cam: bebo natelaie tele. aks ciel Laie n snispnlloae) 2 2 min. 
alii oan ete ee ren ga Praia EN Bly are Ha aj wi 5) sraiges 3 min. 


Lotale QeMesaned aelaetslieh «= teresanee de meleoe ns Saints Sotpsnroet) Giclee wey “Yet pe 11 min, 
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125-lb. sample; 2 meri. 


Making two heaps, coning, spreading, halving...........++..seeeees waa 8 min. 
63-lb. sample; 2 men. f 
Making twe heaps, coning, spreading, halving. .....,-.--+.-eeeu eens teers 6 min. 
32-lb. sample; 2 men. 
Gonna Nabyan woe rete eeee sent erent atten ercL a cleat wotoee ene atetteteMetin states fe 5 min. 
About 16 lb. sent to bucking room. Leite 
Total MONMOR GS. 6 ar. «ga Pacer nn pen oer ae aunip Ppa ow vianonenatamapea ate tarekcleke 90 min. 


Total time, 4 men, 2 hr. 35 min. = 1.29 man shifts 
Total time, 2 men, 1 hr. 30 min. = 0.38 man shifts 


Motallatearen WON. 1.67 man shifts 
Total time to reduce 2 tons*to a 15-Ib. sample for delivery to assay office. .4 hr. 5 min. 


5. Shovel sampling 


Shovel sampling, also called FRACTIONAL SHOVELING, OF FRACTIONAL SELEC- 
TION, can be applied when ore is being loaded or unloaded, or moved from one. 
place to another by shoveling, or it may replace coning and quartering for 
cutting down a given lot, with intermediate coning of the sample as pre- 
viously described. Every alternate, or every third, fourth, fifth or tenth 
shovelful is taken for the sample, depending upon the size of sample pern=s- 
sible or desired. Common practice is to take the fifth or tenth shovels in 
unloading a car and to finish sampling by alternate shovels. 

Advantages. Shovel sampling is applicable to larger lots than coning and 
quartering and when alternate shovel loads are taken, is more reliable and 
accurate; it is cheaper, quicker, and requires much less space. Accuracy is 
attained by making a large number of sample cuts, the number depending on 
the size of shovel used and the weight of the lot sampled. 


DisaDVANTAGES: Shovel sampling should not be used if large lumps, say greater than 
2-in., are present. It is subject to manipulation by-the sampler in choosing the shovelful 
to be taken for the sample, both as regards the amount taken and the kind of pieces. The 
cheapest kind of labor is commonly employed and when other than alternate shovels are 
taken, it is difficult for the shoveler to keep count of shovelfuls. When ore is piled in a 
heap in which segregation has taken place and is sampled by this method there is consid- 
erable danger of the sample shovelfuls being taken more from either the coarser or finer 
parts of the heap, so that every size of material is not represented in proper proportion in 
the sample. 

Time required by four Mexican laborers unloading a 20-ton car and taking- at the same 
time a tenth-shovel sample is given by Johnson as 2.5 hr. At Ex Paso smelter four men 
take 4 br. unloading a 50-ton car of Chino concentrate (15 per cent. moisture) and taking 
every tenth shovel for sample. (117 J 13.) In this instance, the sample is shoveled onto 
boards placed across the car above the load that is being shoveled; the sample remains in the 
car and is moved and dumped, samples from five cars being united. 


Cost of shovel sampling varies with the character of material, moisture 
contained and facilities available for disposal of sample and reject. 


The labor cost of the old method of sampling wet, sticky flotation concentrate at 
GARFIELD smelter, consisting in taking every 15th or 20th shovel for sample and cutting 
down further by alternate shovels, was from 6¢ to 8¢ per ton of concentrate before the war to 
20¢ later. (122 P 17.) 


A variation of shovel sampling used on high-grade silver ore from Cobalt 
follows. (17 CMI 239.) 


Ore coming from a trommel with 0.25-in. openings is discharged into wheelbarrows and 
distributed in a long narrow ridge. The ridge is turned over once by shoveling and a new 
ridge formed, then divided by alternate shoveling into two ridges, the shovelfuls being care- 
fully distributed over the tops of the ridges. These two ridges are each divided into two 
other ridges by the same method, four ridges resulting. Further reduction of each ridge 
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is then made by successive crushing and riffing. Table 6 gives the assays of samples from 
each of the four ridges with five different ores and indicates that this method gives good 
results even on ores as difficult to sample as these. 


Table 6. Results of shovel sampling Cobalt silver ores 


Silver, ounces per ton 
Ridge 
A B Cc D E 
NiO wa ees GaGa Es Sea 2269 .7 2082.8 1527-7 535.8 353.3 
Noro ae ot eee Sa 8 2263.6 2079.2 1533.0 538.5 355.1 
Nos 3ia..cmaces sie Sigs, ach! 2260.7 2072.6 1528.6 540.1 358.6 
DQ OE Beet ET eee ee 2267 2 2080.4 1526.2 554.5 355.1 
PANIGELG eee ate Ce Mt re 2265.3 2078.8 1528.9 539.7 3551.5 
Maximum deviation from aver- 
0 RTT SEE ORO tae +4.4 +4.0 +4.1 +4.8 +3.1 
—4.6 —6.2 —2.7 —3.9 —2.2 
Maximum deviation, per cent. 
COMO LOL ett tN mite: sae aetent: —0.2% —0.3% —0.3% | +0.85% +0.9% 


Combination of hand-sampling methods is used by the U. S. Bureau of 
Mines in sampling coal. (Bul. 116, USBM.) The original or gross sample of 
1000 lb. for ordinary lots (or 1500 lb. when large pieces of impurities are pres- 
ent, or 500 Ib. with slack or smaller sizes of anthracite) is taken by grab sam- 
pling or shovel sampling during unloading. The amount taken at each grab 
or shovelful varies from 5 to 10 lb. for slack and smaller sizes to 10 to 30 lb. for 
run-of-mine coal. The sampling interval depends on the size of lot, When 
taking the sample from bottom-dump cars, while unloading, a special “ladle ”’ 
is used having a handle 5 ft. long and bowl 1 ft. in diameter at top, 9 in. at 
bottom, and a depth of 914 in. The “ ladle ” holds from 25 to 30 Ib. of coal. 
Generally two ladlefuls are taken from each car by holding the ladle under- 
neath the car when dumping. The gross sample is cut down by alternate 
shoveling to 250 Ib. and coning and quartering to 15 lb, as follows: 


1000 lb. gross sample. Crushed to l-in.; mixed by shoveling into a conical pile, then 
shoveled into a pile 5 to 10 ft. long and alternate shovels taken giving a 500-lb. sample, 
which is crushed to 34-in. and treated as above, giving a 250-lb. sample. This is crushed 
to 4-in., mixed, by shoveling, into a conical pile and then shoveled into another cone, 
flattened and quartered, giving a 125-lb. sample, which is crushed to 3-in., placed on a 
blanket or canvas (6 ft. X 8 ft.), mixed by rolling, coned by drawing up the ends of the 
cloth, then flattened and quartered, giving a 60-lb. sample. This is crushed to 4-in., 
placed on the blanket and the preceding operation repeated, giving a 30-lb. sample which is 
erushed to 3{6-in. and again subjected to rolling, coning, flattening and quartering, giving 
15-lb. sample. Two 5-lb. samples are taken from the two 7}4-lb. sample quarters, and are 
placed in sample containers. ; f 

Every precaution as described in Art, 4 is taken in forming the cones and shoveling from 
them. The first shovelful for forming the long piles is spread out in straight line, having a 
width equal to the width of the shovel and length of 5to 10 ft. The next shovelful is spread 
directly over the top of the first but in opposite direction and so on, back and forth. The 
pile is occasionally flattened during this procedure. Alternate shoveling from the long pile 
begins at either end on one side and successive shovelfuls are taken the width of the shovel 
apart as the shoveler advances along one side and around the pile, always in the same diree- 
tion. Crushing may be done mechanically or by hand with an iron tamping bar or sledge 
on a sheet-iron plate or solid floor. Flattening of the cone is accomplished by pressing the 
apex vertically with the flat of the shovel or a board. 
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Trench sampling (Smith, loc. cit.) consists in spreading the ore out into a 
flattened square or rectangle, about 2 or 3 ft. thick with 100-ton lots and from 
1 to 2 ft. thick for smaller lots, and cutting trenches through the cake about 
1 ft. wide, crossing at right angles at the center. All material thus excavated 
is taken for the sample or alternate shovelfuls may be taken. Sometimes all 
of the material from the trenches is rejected and samples are taken with a 
shovel from the sides of the four piles left. The accuracy of this method 
depends on the degree to which material is mixed before making the flattened 
rectangle. If the rectangle is made by spreading out from a cone, the sample 
will probably contain too great an amount of fine material, as the same width 
of cut is taken from the center as from the edges. (See Art. 4.) As the 
sides of the trenches take the form determined by the angle of repose of the 
material, it is difficult to be sure that the same proportion of ore is taken from 
the top as from the bottom, and if there is a difference between the top and 
bottom layers, the sample will not be accurate. 

Quartering shovel (Fig. 2) is a shovel about 10 in. wide, with flanged edges 
and with two partitions on the blade dividing it into three spaces. The two 
outside spaces cover three-fourths of the area of the shovel blade and are open 
at the back. The center space, about 2.5 in. wide (one-fourth of the area) is 
closed at the back. The sampler pushes the shovel into an ore pile and then, 
with a quick rotary motion, swings the loaded shovel. The ore in the two 
outside spaces slides off the back of the shovel and goes to the reject, while the 
portion in the center space remains on the shovel and is thrown into a wheel- 
barrow or other receptacle as the sample. 


This device does not give accurate results. There is a tendency for fines to be more in 
evidence in the central space and coarser pieces in the two outside spaces. The method is 
seldom used, as it offers no advantages over fractional shoveling and is less accurate. 


Rise 
ty eo ne 
Sa (ae 
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Fic. 2.—Quartering shovel. Fie. 3.—Split shovel. 


Split shovel or U-sHoven (Fig. 3) is made up of several troughs, generally 
about 12 to 18 in. long, 2 in. wide and 2.5 to 4 in. deep, with intervening spaces 
of the same width. Material to be sampled should be crushed to 0.5-in. or 
less. The shovel is laid on the ground or held by an operator and another man 
shovels the ore onto the split shovel with a square-end shovel. When the 
troughs are filled, the first man throws the split-shovel load to the sample 
heap. The troughs must not be allowed to overflow. 


This method is slow, requires two conscientious and careful men, and is not as accurate 
as the alternate-shovel method, 


6. Pipe sampling 


Several varieties of pipe or GUN SAMPLERS are used. The simplest form 
consists of a piece of pipe (0.5-, 1-, or 1.5-in. diam.) one end with sharpened 
edge, the other fitted with a tee and two short nipples to form a handle. The 
pipe should be long enough to reach the bottom of the heap to be sampled; 
it is thrust vertically to the bottom of the heap at regular intervals, and then 
withdrawn and pounded with a hammer, to release the sample. 
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Several forms are shown in Fig. 4. (A) consists of pipe and fittings made up as above, 
with a longitudinal slot cut out. It is pushed into the mass to be sampled, twisted around 
until filled, and then withdrawn. (B) 
is made up of two such slotted pipes, 
one smaller than and within the other. 
It is pushed into the ore with the pipes 
in position (a) until it reaches the bot- 
tom. ‘The handle is then turned until 
the pipes take position (6) and is 


_ Section A-A 
Rng 
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twisted back and forth until the inner Concentrate horn, 2 

pipe is filled with material. The pipes American Zine Co. he f= 
are then again turned to position (a) 32" 
and withdrawn and emptied into the Z 


sample box or sack. 


Applicability. Pipe samplers 
are satisfactory for sampling fine 


concentrate in railroad cars or 

bins, provided the material has © C) Ly 

not packed down too hard. They RRA 

are also used for sampling sand ¢ 6 N aS 

in vats before or after treating H 2 3 
with solution in percolation ex- ! & 8 
traction processes. They can rs NI scl 
be used on tailing heaps or on i! Secnie 

any finely-crushed ore. Small Pive samplers Section 
pipe samplers are used for samp- “Gun sampler, 


Z ; American Zine Ca 
ling material in sacks or cans. 


Pipe sampling gives quick re- 
sults, is cheap, and, for concentrate or vat charges, where the material is 
well mixed, results are as accurate as necessary. Pipe sampling of concen- 
trate or other fine material in cars is usually done by taking samples at 
regularly spaced intervals. 


Fia. 4.—Pipe samplers. 


In Montana (121 P 866) the usual method is to make insertions of pipe in parallel rows 
spaced at 2-ft. intervals. The pipes are 4 to 5 ft. long, 3 in. diam. at top and 2 in. at the 
cutting edge. About 250 lb. is usually obtained from 40 to 75 insertions of pipe. The 
expectable error is within 1 part in 100. Two men should sample the material in a 50-ton 
car in about 30 min. 

Auger samplers, resembling ordinary earth augers, are also used in the same manner 
and on the same classes of material. They have the advantage that they can be used on 
material that has packed so hard that it is difficult to force a pipe or “‘gun’’ sampler into it. 


MACHINE SAMPLING 


Automatic machine samplers are devices designed to substitute mechanical 
processes for the undesirable human element in hand-sampling. By so doing 
they lessen or eliminate the accidental and intentional errors introduced by the 
personal factor, shorten the time required for cutting a sample and reduce the 
amount of operating labor. Against the reduction in labor and time are to 
be charged the consumption of a small amount of power, a capital investment 
with attendant interest and amortization, repair and maintenance charges, 
Further, in a custom sampling plant, cleaning out between different lots of 
ore is a tedious and difficult job. Machine samplers have difficulty in han- 
dling sticky ore. 


The fact that ore being machine-sampled is not in sight throughout the operation in a 
custom mill, delayed the substitution of machine for hand methods, but at present practi- 
cally all large custom mills use machine sampling and find marked advantages in the ease and 


uniform accuracy of operations. 
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Sampling machines require the ore in motion in order to present it to the 
cutters as a thin ribbon or stream. They are of two general types: (a) Those 
that take part of the stream all the time (stationary devices); (b) those that 
take all of the stream part of the time (moving devices). 


7. Stationary machine samplers 


Stationary cutters are designed and used on the assumption that there is 
no variation in the character of material in a transverse section of an ore 
stream. ‘This is practically never the truth. Generally the material in a 
moving stream varies more irregularly and less gradually in a transverse sec- 
tion than along its direction of flow. In broken ore sliding down an inclined 
chute, the coarse pieces slide on top and toward the center, while the fines 
are on the bottom and against the sides. When such a stream changes direc- 
tion, the coarser and heavier pieces are carried to the far side of the chute, due 
to their greater momentum, while the finer particles are not carried so far. 
The result is a stream made up of coarse on one side and fine on the other, 
which does not subsequently mix and become uniform. The following condi- 
tions may cause similar results (A. W. Warwick, Notes on sampling, Industrial 
Print. and Pub. Co., Denver, 1903): (a) Two elevators throwing ore into 
the same chute, one elevator raising low-grade ore and the other richer ore; 
if the streams do not cross, little mixing takes place. (b) Feeding an elevator 
from the side instead of from the front. (c) Irregular feed of coarse and fine 
material to a crusher, or coarse material on one side and fine on the other; 
(d) anything that produces an eddy causes segregation between different sizes 
in an ore stream. Stationary cutters can not be expected to deliver an accu- 
rate sample unless ore is presented thoroughly mixed. 

Whistle-pipe sampler in its simplest form consists of a vertical iron or steel 
pipe with notched openings cut halfway through the pipe, each opening spaced 
90° horizontally from the preceding. Rectangular steel plates are placed in 
the notches so that top edges coincide with a diameter of the pipe. Above 
each notch is placed a hopper-shaped cast-iron liner which gathers the ore 
into a compact stream before presenting it to the dividing edge. Ore is poured 
into the pipe at the top. When the stream reaches the first splitter, half is 
deflected outside the pipe and falls into the enclosing bin or housing as reject. 
The remainder continues down the pipe and is halved by each succeeding edge. 
The portion passing the last cutter constitutes the sample. With five dividing 
notches, e.g., the sample is 149 of the weight of the total material fed to the 
pipe. 

Fig. 5 (Warwick) shows details of an improved type of whistle-pipe sampler, in which 
material is fed at each cut to a splitter (m) that divides the stream into quarters. Opposite 
quarters are rejected, the other two continue and are again split in the same manner. In 
this design deflectors are spaced at 45° horizontally. 

ADVANTAGES of whistle-pipe samplers are cheapness of installation and operation, sim- 
plicity, and quick reduction of bulk. No power is needed.. DisapVANTAGES are such as to 
preclude their use when an accurate sample is desired. In the simple type first described, 
wear on the cutting edges causes displacement thereof so that a changing proportion of the 
stream is taken as wear progresses. The improved design with vertical cutting edges divid- 
ing the stream in quarters avoids this disadvantage. Fuse, waste, rags, wood and similar 
materials catch on cutting edges and cause improper splitting and may clog the openings. 
Clogging cannot be detected during operation. The general objections to machines that cut 
part of the stream all the time also apply. Uneven wear of cast-iron liners may cause segre- 
gation. No opportunity is afforded for re-crushing between cuts hence the whole lot must 
be reduced to a size commensurate with the bulk of the finalsample. Expense of such crush- 


ing would be out of the question in a custom sampling mill, and would not be justified in any 
mill where the ore could be treated in a coarser state than sampling demanded, 
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Single-split samplers consist of a splitter or divider placed in such a way 
in a stream of material issuing from a launder or chute as to continuously 
deflect a portion of the stream into a sample hopper or container. They are 
more inaccurate than the whistle-pipe samplers and have little to commend 
them. 

Bank or combination riffles are usually made of five sets of riffles arranged 
as shown in Fig. 6 (TP 86, USBM), each riffle made up of a number of 
troughs of equal width, separated by cutting edges, adjacent troughs discharg- 

_. ingin opposite directions. For de- 
tailed description of single riffles see 
Art. 11. Material is fed in a uni- 
form sheet over the first riffle and 
split into many streams. Half of 
these discharge one side and half 


Section Elevation Reject %, 


Fie. 5.—Whistle-pipe sampler. Fria. 6.—Riffle bank. 


the other. Discharges from the first riffle impinge on inclined plates (/) 
and fall to a second set of riffles, smaller than the first. These riffles produce 
four main streams, two of which unite and pass in to the reject, while each of 
the others falls to deflecting plates (m) and then to a third set of riffles, 
smaller than the second, which again halve the streams. One-half from 
each of the last riffles is rejected, while duplicate samples, each represent- 
ing one-eighth of the whole, are furnished by the others. The riffles are 
supported by a rigid frame or may beso hung that one or more sections can be 
swung across a, falling stream of ore. 

This machine makes many cuts of the ore stream and, therefore, has 
ADVANTAGES over methods that make only two or four cuts. It is simple of 
operation and, as it is generally used on fine ore, wear on the dividing edges 
is not great. The pisApvANTAGES are that the device is one of the class that 
cuts part of the stream all the time; construction is not simple; great care is 
required to insure that each compartment is of same width as others; there isa 
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possibility that during operation dividing edges will become bent or knocked 
out of shape so that they do not make a proper division; damp ore and foreign 
waste clog the riffles, and clogging may not be discovered for some time on 
account of inaccessibility. Clogging causes one part of the riffle to take no 
sample or deflects too much into the sample. Tapping with a hammer 
will obviate clogging, but may deform the riffle edges. If the feed is not care- 
fully delivered to the first riffle, segregation of the coarse and fine material is 
probable, producing an improper sample. Damp, fine material sticks to the 
deflecting plates and may cause deflection of coarse pieces with resulting 
segregation. Riffles are sometimes swung or shaken to avert clogging and 
segregation. 


8. Moving machine samplers 


Principle. These take all of the stream part of the time and thus eliminate 
errors due to changes in character of the stream across its section. They 
remove equal sections across the stream at frequent regular intervals and 
since change in character of the material in a stream along its direction of 
flow 1s gradual the average of all cuts represents the average grade of the whole 
mass of material. 


<_ 


Suppose an ore worth $10 per ton passing through a mill. On top of this ore in the feed 
bin is a lot of ore running, say, $30 per 

/ 1 becomes nearly exhausted, the grade of 

iol i gop] co eae az ore in the stream gradually changes. If 
Fig. 7 represents the changes in value 

along the stream, and the diagonal lines 

ing value. that the average of assays of the sec- 

tions cut is the average of assays of all 

sections from the $10 section tothe $30 
section, The result is the same if even-numbered sections are taken. Abrupt changes 


ton. Asore is drawn and the $10 ore 
Fig. 7.—Sampling cuts in stream of chang- represent sample cuts, it is apparent 
require frequent cuts, the more frequent the cuts the more accurate the sample. 


Requirements for accurate machine sampling are: 

(1) The sampler should take the whole of the stream part of the time. 

(2) Equal percentages should be taken from all parts of the stream. This 
necessitates that the cutter travel at a uniform rate while passing through the 
stream, and the scoop move completely across and out of the stream 
at each cut. If the rate of motion of the cutter is variable, the largest 
percentage will be taken from those parts of the stream where the cutter moves 
most slowly, and unless the cutter moves out of the stream on both sides, one 
side will be unduly weighted in the sample. 

(3) The interval between cuts should be constant, otherwise all sections 
along the length of the stream will not be equally represented. 

(4) Cuts should be frequent enough to insure representation in the sample 
of the most abrupt change in the character of the stream. 

(5) The distance between cutting edges should be great enough to allow 
the largest pieces of material free passage between them; this distance should 
be at least three times the diameter of the largest piece, better four times or 
more. 

(6) The depth of the scoop should be sufficient to prevent material from 
bounding or splashing out. 

(7) Scoops with closed bottoms should be large enough to hold all of the 
material taken in one cut without danger of overflowing. The Opening to 
discharge the sample should be large enough to empty the scoop quickly and 
prevent sedimentation. 
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(8) Feed should be constant; if the stream is intermittent, the cutter may 
receive no sample during some of its passages. 

(9) Speed should not be great enough to knock away pieces that should 
go into the sample. In a revolving sampler speed should be so low that cen- 
trifugal force will neither throw material out nor prevent discharge. 

(10) The stream delivered to the cutting edge should be as narrow as possible 
in order to lessen the time of passage of the cutter through the stream. The 
limit of this contraction is determined by the size of the largest particle. 

(11) The ore should be thoroughly mixed and all devices that tend to 
cause segregation eliminated. 

(12) The drive should produce uniform motion of the cutter. Relatively 
high speeds prevent jerky motion. Loose belts should be avoided. It may 
be advantageous to reduce from a high-speed belt-driven countershaft by gears. 

General principles of sampler construction. The following, while not 
essential for accurate sampling, are desirable characteristics for any sampler. 
(a) The construction should be rugged enough for the service. (b) All parts 
should be easily accessible, both for observation and repairs. (c) The feed 
should be delivered to strike the cutting edge at right angles to the direction 
of motion of the edge. (d) Clearance between the feed spout and the cutting 
edge should be at least 1.5 times the diameter of the largest particle, to pre- 
vent clogging or jamming. 

Many different samplers are used; some capable of accurate work, others 
not. A few machines have become well known and their design is more or less 
standardized. On the other hand many plants design and build their own 
samplers, intended to meet local requirements. Moving sampling devices 
may take the form of a deflecting surface diverting the sample out of the 
' stream; or there may be a deflecting surface which diverts the whole stream, 
with an opening to allow the sample to pass through; or a scoop may cut 
through the stream and catch the sample, discharging either through an open- 
ing in the scoop or by dumping at some convenient point. The greatest vari- 
ation in samplers of local design is in the method of driving. 


9. Moving samplers for dry ore 


Brunton vibrating sampler is shown in Fig. 8. Ore fed through chute (c) 
passes through spout (b) in a narrow stream or ribbon to cutting edge (a), 
consisting of a vane oscillating on shaft 
(p). The vane deflects the stream first 
into chute (e), then into chute (d). The 
ore delivered by one of these chutes is 


taken as a sample. The vibrating cutting 7K A =| 
edge is actuated by connecting rod (9), Lith a ae 4 
connected to sliding bar (i); motion is BONN don cee Oe 
imparted to (i) through bent rods (n) A ‘ar vealne 
attached thereto and pins (/) in wheel p | 
N oS — 


(h), which is mounted on a shaft with 
pulley (g) and driven by belt from a con- 
venient source of power. Wheel (h) has 
two rows of 20 holes each in the rim to 
receive pins (J). Rows of holes are spaced Hi. 6LL Rhos Napeine ele, 


the same distance apart as the sliding bar 
is required to travel. Frequency of cuts and the time that the cutting edge 


deflects the stream into sample is regulated by arrangement of pins. Each hole 
represents 5 per cent. of the time required for one revolution of the wheel. 
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The fundamental error in this machine is that it takes more from one side of the stream 
than from the other as shown in Fig. 9, A; if one side of the stream is the richer, an accurate 
sample is not secured. 


Brunton oscillating sampler (Fig. 10) consists of a hopper (a) which 
receives ore and discharges through vertical chute (6) to an oscillating deflector 
consisting of two reject-deflecting surfaces (m) and a sample-deflecting sur- 
face (n), placed between and separated from the surfaces (m) by cutting edges. 
The machine is so arranged that sample and reject are discharged in opposite 
directions. The oscillator is made of stiff, strong sheet metal and is attached 
to shaft (p), which imparts an oscillating motion in a vertical plane to the 
cutter, by means of a counterbalanced crank and connecting rod. A housing 
of sheet iron surrounds both chute and oscillator. The sampler is usually 
arranged to take a 20-per cent. cut, but by the use of elliptical gears on the 
driving mechanism a 5 per cent. cut 
can be obtained. The cut may also 
be varied by changing the size of the 
sample-deflecting spout- 


Fie. 9.—Cuts taken by samplers. Fie. Fee sampler, 


At each oscillation the sample spout passes completely through and out of the stream 
The cutting edges are short and made of special steel to prevent warping and excessive wear, 
The side walls of the sample spout should be in planes that pass through the center of oe 
oscillating shaft; otherwise the angular sampling distance will change as the cutting edge 
bea? Sh speed may be Ae erent as 72 oscillations per minute. Rapid motion aids ree. 
ially in discharging, especially if the ore is wet or stick c i 
free from accumulations of foreign waste. eM eutet ie CAME Keak ne 
for The machine takes a cut of the stream as represented graphically in 

ig. 9, B. This is correct sampling; the great number of small cuts taken insures an 
rate sample. The sampler requires but little head room, is easily accessible for exami ig 
and repair, and is quickly eleaned. The fact that sticky ores might clog the spouts ist the 
only serious DISADVANTAGE; this danger is common to practically all mechanical land 


Snyder sampler (Hig. 11) consists of a h i 
5 sis a pan-shaped plate (a) with one 
more sample spouts (b), supported on and rotated by a horizontal pulley. 
driven shaft (c). The plate and spouts are usually a single strong casting but 
may be fabricated of good sheet steel. Feed enters through chute (d) the 
foul 
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reject is deflected by the conical plate and the sample passes through the spout 
into the sample hopper. To prevent change in sample weight as the cutting 
edges wear, the side walls of the sample spout should lie in planes that pass 
through the axis of rotation. The amount taken for sample is varied by chang- 
ing the size or number of sample openings; frequency of cuts is varied by 
changing the speed of rotation or number of openings. The shape of the cut 
| is shown in Fig. 9, C. 


ADVANTAGES.—The machine is simple in construction, easily cleaned and repaired and 
can be readily observed during operation. Foreign waste that catches on the cutting edges 
| is readily freed as the disk revolves. Little head room is necessary. A serious DISAD- 
VANTAGE is that with wet or sticky ores, fine material adheres to the reject-deflecting sur- 
| face and as the disk revolves falls through the sample opening; thus salting the sample. 
Three sizes are made: 


Vezin sampler (Fig. 12) consists of two hollow 
| Diameter, | Maximum size | ttuncated cones, (a) and (6), -joined base-to-base, 
inches of feed, inches | with one or more scoops (c) attached to the upper 
cone, all mounted on a vertical shaft. Ore fed 


@ fe, through chute (d), which may be vertical or in- 
27 ah clined, normally passes into hopper (e) and is re- 


jected through spout (f). As the sampler revolves, 
chutes (c) cut through the stream and divert parts 
into the conical chamber and through spout (g) as sample. The inventor 
recommends an inclined chute delivering ore so that 
the horizontal component of velocity is the same as 
that of the cutting edges. This gives the effect of a 
piece falling vertically on these edges. Warwick (loc. 
cit.) states that the mode of delivery, whether verti- 
eal or inclined, has no effect on the accuracy of the 
sample. 


The cutting edges should be radial to the axis of rotation 
and the sides of the scoops vertical; otherwise the scoop will 
take more from one part of the stream than from another. In 
Vig. 13, A the edges are radially placed, the angular velocity is 
the same at all points, and all parts of the stream, therefore, 
flow into the sample for the same time. This gives a correct 


cut. The shape is shown in Fig.9, D. In 13, B, the lines of Fig. 12.—Vezin sampler, 
-the cutting edges intersect on the scoop side of the center, the single. 

arcs subtended increase from inside to outside of the described 

annulus and a smaller proportion of the stream is cut from the inner edge than from the 
outer. The opposite case is illustrated in 13, C. 


Cutting edges radial Cutting edges not radial 


Fic. 13.—Arrangements of cutting edges in Vezin-type samplers, 
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The proportion of the stream length that is taken for the sample is deter- 
mined by the ratio of the number of degrees of arc subtended by the sample 
spouts to 360°. For a 10-per cent. cut a single sample spout should subtend 
36° of arc, or with two spouts each should subtend 18°. The speed has no 
effect on the amount taken for the sample but affects only the PREQqUENCY 
of the cuts; frequency can be varied also by changing the number of scoops. 
Usually one or two scoops are used, sometimes four. Two samplers are some- 
times mounted on opposite sides of the same reject hopper in order to take 
duplicate samples. Srrsp should not exceed 3 ft. per sec. at a point on the 
scoop at the center of the feed stream, in order to prevent knocking pieces out 
of the stream, throwing them out of the scoops by centrifugal force, or hinder- 
ing discharge. Width of scoop should be at least four times the diameter 
of the largest piece of material at the center of the stream and the opening 
into the cone should be at least 2.5 times this maximum diameter. Cutting 
edges should: be made of hard, brittle steel to avoid distortion and wear; 
chips lost will probably be small and not materially affect operation; but 
bending changes the whole aperture, 


Fig. 14 shows a simple and efficient design for cutting edges used in sampling CoBaLT 
silver ores. The scoop is made of tempered steel, tapered for a short distance at the top 
; to make a knife edge. Small 
Anite edge formed wedge-shaped pieces of steel 
K dy tapering sides ome are placed between the scoop 
«Of vane COPS ate bY Lote 
[ 


walls to hold the edges rigidly 
in place. For ordinary use 
such careful sharpening of 
edges is not necessary or com- 
mon but Cobalt ores are diffi- 
cult to sample and it is nec- 
essary to take every precau- 
tion to attain accuracy. 
ADVANTAGES of Vezin sam- 
Section K-K plers are the ability to take an 
: | NOTE:-4 and 8 wedge accurate sample; simplicity of 
shaped to keep knife construction; and easy ac- 
——* edges rigid cessibility for observation and 
repair. DISADVANTAGES are 


1 
AD the head room required, danger 
S of clogging, lack of ruggedness, 
| possible improper construction 
ZY of scoops, and delivery of feed 
K in a manner to cause segrega- 


Fig. 14.—Cutting edges on Vezin samplers at Cobalt, tion and inaccurate sampling. 
The machine should be con- 
stantly watched to detect lodgment of foreign material on the cutting edges and to be 
sure that the scoops are not clogged. Hammers or mallets should be used only with the 
greatest care, if at all, to free clogged chutes on account of danger to cutting edges. 
Size. Vezin sampler is made in the following sizes: 


Nt Max. size Weight, Weight, 
Number feed, inches single, lb. duplicate, Ib. |} 
1 | 1 500 850 
2 | 2 850 1300 
| 3 | 4 900 1600 


Chas. Snyder sampler (Fig. 15) is similar to the Vezin sampler, except 
that it has four sample scoops and the feed chute, instead of being square or 
rectangular, is annular and extends over an arc of 90°, As a result there is a 


| 
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number of short iron rods extending across the feed 
| chute; these tend to reduce segregation. 
Fig. 9, D shows the kind of cut made by this machine. The 


| ADVANTAGES and DISADVANTAGES are the same as those of the 
Vezin. ’ 


| 
| sample scoop under the feed stream at all times. Feed is scattered by a 


| Simplex sampler is fully shown by Fig. 16. It 
_ can be arranged to take cuts from 5 per cent. to 30 
| per cent. As in other rotating samplers, the sides 
| of the cutter should be in planes passing through the 
| axis of rotation. 


Fie. 15.,—Chas. Sny- 
der sampler for 20- 


The machine is made in the following sizes: per cent. cut. 
| | 
Size, in. Sample, per cent. Pulley, in. Speed, r.p.m. | Weight, lb. 
28 10 4% X 24 24 | 600 
44 10 44 x 36 1a 700 
64 10 416 xX 48 10.5 | 850 


ApYANTAGHS are simplicity in construction; small head room required; easy inspection 
and repair. DisapvANTAGE. Wet ores stick in the deflecting scoops, are carried up and 
fall into the reject, causing, of course, inaccurate results. 


jit -212"->| 91" 


i we, Yo'2 

y otic a -18"- i Angle Iron, 
4. / PHD 
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Fic. 16.—Simplex sampler. Fic. 17.—Van Mater sampler. 


Van Mater sampler (Fig. 17) consists of a sprocket-chain sampling con- 
veyor set under and carrying a sampling bucket through the discharge of the 
main conveyer. The sampling conveyor is driven by pulley and belt from the 
head end of the main conveyor. Any number of sampling buckets may be 
used according to the frequency and size of sample desired. ‘The buckets 
must be at least as wide as the stream delivered by the main conveyor. ‘The 
sample cut by the buckets is dumped into a sample hopper (a) as the bucket 
passes over the head sprockets. A wooden wearing block is fastened to the 
bottom of the buckets to take wear when the bucket passes through the stream 
of ore on the return trip. The proportion taken for a sample is the percentage 
of the total length of sprocket chain that is represented by the distance 
between the cutting edges of a bucket, multiplied by number of buckets. 
The bucket must be deep enough to prevent material from bounding out. 
(88 J 1282.) 
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Damp and sticky ores. The machines thus far described are especially 
adapted for ores that are dry or nearly so. With damp or sticky ore that 
tends to ball up or stick to machine surfaces, they are unsatisfactory. Such ore 
is generally dried prior to sampling or some method of hand sampling is used. 


Martin sampler was used to sample flotation concentrate at GarrieLp smelter. The 
machine was mounted on a traveling gantry. A 114-yd. clam-shell bucket unloaded con- 
centrate from 75-ton flat-bottom railroad cars and dumped through a grizzly into a 20-ton 
hopper. The bottom of the hopper, 9 ft. square, consisted of a belt conveyor which carried 
material through a 6-in. slot 9 ft. 
widein one side and discharged 
ontoa “‘chopper’’ consisting of 
eleven 15-in. revolving disks 
spaced 12 in. on a shaft with 
No. 12 spring steel wires thread- 
ed through holes near the cir- 
cumference parallel to the shaft. 
This cut the stream into strips 
which fell onto a 30-in. revolving 
hollow cylinder with a 16-in. sec- 
tion of the surface cut out along 
the entire length, making a Mo 
cut. A 12-in. conveyer inside 
the cylinder carried the sample 
to a smaller ‘‘chopper,’’ thence 
to asecond cylinder cutting cut 
{sth and thence by another 
axial conveyer to a sample car. 
Rejects passed toa large con- 
veyer which delivered to the 
bedding bins, (114 P 17.) 


10. Sampling wet pulp 


Sampling freely-flowing 
pulps is relatively simple; 
small cuts may be taken, the 
products are well mixed, of 
even grade, and, if flowing, 
the variations along the 
stream are gradual. 

Cutters vary in shape 
sb bbdbbbdial according to the direction of 

: travel of the streamas cut. 


\ 
Tank oft wie 
fase 


Sample 
trovgh 


Fie. 18.—Water-tilting box and cutter. 
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The cutting edges should travel in a plane perpendicular to the stream when 
cutting. The scoop should be large enough to prevent loss by splashing and 
splash boards should exclude from the sample any part of the stream that 
does not enter the cutter directly. The cutting edges should be straight, 
sharp, easily accessible for observation and repair, and far enough apart to 
prevent clogging; the aperture is usually made as narrow as permissible to 
lessen the bulk of each cut and permit a large number of cuts in a small total 
sample. 

Actuating devices are of many varieties. The simplest is a lever auto- 
matically operated by a tilting box; cranks, eccentric gears, various simple 
quick-return mechan- 
isms; pistons, air-, 
steam-, or liquid-driven; 
and electrical devices are 
alsoused. The essential 
requirement is uniform, 
rapid movement to yield 
a small cut but not to 
exclude material on ac- 
count of rapidity. There 
should be adequate in- 
surance against sticking 
in mid-stream. 

Timing devices are 
used to insure equal time 
intervals between cuts. 
They may be an integral 
part of the actuating 
mechanism, as the water 
feed to a tilting box; or 
entirely external, as a 
clockwork mechanism 
with electrical contacts \_ 
to control a reversing 
motor, or tilting boxes 
to control piston valves. 
When external . timers py, 19.—Pulley-driven sampler, St. Joseph Lead Co. 
are used, one such fre- 
quently controis all samplers in a section or entire mill. 


7 
LET 
N 


a  -  e — 


Vertical-edged cutter traveling on horizontal circle, actuated and timed by a tilting box 
is shown in Fig. 18. The scoop (d) is made of a piece of sheet steel cut and bent to proper 
slope for discharge of the sample and riveted against a %4-in. wedge-shaped block to close 
the back; angles (g) prevent drip from sides into the sample. It is carried on a stiff frame 
(a), made of two pairs of 144 X 1¥4-in. angles, back-to-back, carried on pivot bolts (6), 
roller (c) and plate (e). The carriage is dragged back and forth across the stream by rod (f) 
attached to upright (7) of a tilting box. The upright is pivoted on a shaft; it carries below 
the pivot a bumping frame (K) and, at the lower end, paddle (1). Teeter box (m) is also 
pivoted on the shaft. This box is divided by a central transverse partition and is provided 
with two check valves. Operation is as follows: With the box empty and in the position 
shown, water enters the upper compartment through pipe (nm). When this compartment is 
full enough to cause release of the spring catch (p) the box tilts freely until it strikes the 
upper end of bumping frame (k), which then moves downward and swings the upright (2) 
across into position (i), and thus, through rod (f), drags cutter (d) across the stream. At the 
end of the swing the tilting box strikes bumper (q¢) and pin (7) opens check valve (x), allowing 
the water to run from the tilting box into the tank below. The other end of box (m) now 
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fills and the cycle is repeated. The level of water in the lower tank is regulated by plugs (s) 
at such a height that the paddle takes up the shock of the striking teeter box and causes 
uniform motion of the cutter. The sensitivity of the mechanism is increased by the sus- 
pended weight (f) which raises the center of gravity of the tilting frame; this weight also 
aids in holding upright (7) in off position against the weight of the paddles, and, by reason 
of its inertia during the swing, prevents stoppage at dead center. Timing is regulated by a 
valve on water line (n) which should be on an open-pressure tank with float valve or con- 
stant overflow. 

Horizontal-edged cutter traveling on horizontal circle, actuated and timéd by pulleys 
and gearing, is shown in Fig. 19. The cutter isa slotted pipe (c) with vertical cutting edges 
(a) in planes passing through 
the axis of shaft (6). This 
shaft is actuated by a recip- 
rocating mechanism similar 
to the Scobey timer (see p. 
1154). The sample recepta- 
cle is at (h). Ring (d) ex- 
cludes drip. 

Horizontal-edged cutter 
traveling on vertical circle, 
piston actuated is shown in 
Fig. 20. The cutter consists 
of steel sheets (a) mounted 
on a slot in inclined pipe 
(b) supported by stirrups (c) 
and swung through a stream 
issuing from the bottom of 
box (d) by movement of the 
water-actuated piston (e) 
controlled by a Scobey timer 
(see p. 1154). Reject dis- 
charges from the side of box 
(f), sample passes into (g) 
and through pipe (h) into 
sample receptacles (k). 


Inclined-edged cut- 
ter with straight-line 
travel, electrically driven 
and timed is shown in 
Fig. 21. The cutter (a) 
is a special casting with 
replaceable cutting 
edges, suspended by arms 
(b) from a carriage (c) 


running on rollers on 

1 | \ track (d). Motion is 

NY) Nye attained through rack (e), 

Vic. 20.—Piston-actuated sampler, Alaska Gold fastened be the eae 
bined: and reducing gears (f) 


from reversing motor (q) 
controlled by a timing drum and electrical connections as shown in the figure. 
With the timing drum in position shown and contact blocks, operated by lug 
(k) and rod (m), in the right-hand position, the motor connections (h), read 
clockwise, are (A), (C), (B) and the motor runs counter-clockwise. With 
the timing drum at 180° from this position and the contact blocks in the 
left-hand position, the motor connections read (A), (B), (C) clockwise and the 
motor runs clockwise. This timer provides for one cut every 8 min. 

Vertical-edged cutter with straight-line travel, actuated and timed by tilting box is 


shown in Fig. 21a. Here three scoops, sampling as many pulp streams, are mounted on 
one carriage driven by the tilting box. 
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Borcherdt sampler (101 J 524) (Fig. 22) uses the pul i i 
: ; pulp stream for motive power. It consist 
of two wheels (h) and (7) mounted on ball bearings on a vertical shaft. Each wheel is divided 


K aren ein tae te 95" for large cutter 


6° 7%2" for small cutter 
- ft 


“O" maximum smin 3 


ws 


large cutter” 


samplers 


To additional 


I ee 
zhp,§ phase motor 
at sampler. 1600 rp.in- 
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CONNECTION DIAGRAM 


reversing switch 


Fia. 21.—Electric sampler, Chino-Copper Co. 


into a large number of equal pcckets by means of thin pieces of sheet steel, the plane of each 
sheet passing through the axis of rotation. 


bottom (f) so arranged that 
any material entering the 
pocket is discharged toward 
the center of the wheel; the 
remaining pockets are open. 
The proportion of the stream 
cut as a sample depends on the 
number of pockets on the 
wheel. Pulp is delivered to 
the upper wheel from a covered 
box (a) through a number of 
short pipe nipples (b) slightly 
inclined so that pulp passing 
from them causes the upper 
wheel to rotate. Pulp caught 
by the closed pocket of the 
large wheel is delivered to a 
distributor (c) which spreads it 
over about one-third the area 
of the smaller wheel. The 
latter is rotated by the action 
of the falling pulp on eight 
inclined paddles (d) fastened 
to the periphery. Pulp caught 
in the closed pocket of the 
small wheel is delivered to the 
center and discharges through 
pipe (e), passing out of the 
bottom of box (g), which en- 
closes the apparatus. The main 


One pocket of each wheel is fitted with a false 


Fic. 21a.—Tilting-box sampler with three scoops. 


pulp stream falls through both wheels and discharges through a launder let into the side 
of box (g). The two wheels rotate in opposite directions at about 7 r.p.m. for the larger 
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and 13 for thesmaller. The sampler works without splash on tailing from a 45-stamp mill 
carrying 180 tons of solids and 1440 tons of water 
per 24 hr. 

Flood sampler (Fig. 23) has two vertical solenoids 
(a), energized through a timing clock. When ener- 
gized, the solenoids draw up soft-iron cores (b) earry- 
ing a yoke (c) which is bored out in the center and 
teapot has _ has a lug that engages a helical groove in spindle 
(d) causing it to revolve through about 45° and swing 
the cutter (f) through astream falling from spout (e). 
Shaft (d) is slightly tilted so that the cutter swings 
back by gravity into the position shown when the 
current is cut off. The master clock keeps the cir- 
cuit closed a predetermined time, usually one to five 
seconds and then open for some other, usually much 
longer, interval. Sampler is made with 4-, 5-, or 6-in. 
cutter and weighs 35, 45 and 50 lb. respectively. 

Tilting box as an external timer is illustrated in 
Fig. 24 where the actuating device on the cutter isa 
water-operated piston. 

Scobey timing device (Fig. 25) is used to operate 
samplers directly or to control the power for the 
actuating mechanism. It is driven by belt from a 
convenient source of power at about 20r.p.m. Mo- 

Fic. 22.—Borcherdt sampler. tion is transmitted through bevel gears (a) to a chain 
of intermittent gears which move a sliding frame (6) 
from side to side. A lug (c) on the sliding frame causes arm (d), pivoted at (e) to swing 


Water cylinder (brass) 
LS! ae 
6"Channel np Carriage & 
| Supports \! by suspended 
Re 1 ae Rod connecting & cutter 
Tilting box, valve and tilting- Open end of launder 


sheet iron box levers discharging tohopper 
Valve “A” regulates speed of cutter through stream. 
n “B” » frequency of out. 


Fig. 23.—Flood sampler at- Fia, 24.—Tilting box as external timer. 
tached to bottom of launder. 


back and forth. The cutter (f) is attached directly to the swinging arm or the arm is 
connected to a switch or valve con- 
trolling the power operating the sam- 
plers. The position of the pivot of the 
swinging arm may be varied by turning 
hand wheel (g), thus changing the length 
of this arm of the lever and consequently 
the speed at which the cutter moves. The iN 
are which the arm describes may thus be rs Eas 
varied from 10 to 22 in. in length. By 
using different combinations of intermit- 
tent gears, the intervals at which a stroke 
is made can be varied from 1 min. 20 sec. 
to 5 min. 20 sec., when the driving pulley 
is making 20r.p.m. With a 2-in. cutter 
attached to the swinging arm and by 
varying adjustments as above, samples ¥ 
from Moooth to Yioooth part can be Fie. 25.—Scobey timer. 
obtained. When arranged as shown and 

taking the discharge from a launder, only 10 in. fall is required. 
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Galigher mechanism (Fig. 26) for actuating or timing samplers, can be used in the same 
manner as a tilting box. It may be belt-driven or direct-connected to a Y-hp. motor as 
shown. The motor drives shaft (B) through worm and worm gear. Cam (A) contacts 
with roller (C) on ratchet lever (D), raising the latter, and thus imparting slow motion to 
the shaft of ratchet wheel (G) through friction ratchet (fF). Bevel pinion (J) on this shaft 
rotates bevel gears (J) on stationary shaft (Af) in opposite directions. Lugs (K) on the 
bevel gears engage lugs (Z) attached to loosely hanging pendent weights (VN) and raise 
them in opposite directions. When either weight reaches an upright position and the 
center of gravity passes the vertical center-line, it falls. In falling, arm (O), attached to the 
weight, contacts with the cam surface on a trip arm (P) and forces it through an are to the 
opposite position. The trip arms (P) are rigidly connected on opposite ends of shaft (@) 
and thus cause it to rotate through an arc first in one direction, then in the opposite. Cutter 
(S), attached to shaft (Q) by a counterweighted bar, is thus made to move back and forth 
through the pulp stream discharging from the launder. Weights (N) are so placed that one 


| P 


pee te 


Fic. 26.—Galigher timing and actuating mechanism. 


falls while the other is just starting its upward path. Variation of sampling intervals can 
be made between 10 and 60 minutes by adjusting the length of stroke of ratchet arm (D) 
through adjusting screw (H). The counterweight on the sampler bar balances the weight 
of the cutter and holds it in off position during the interval between falls of the weights. 
The machine has advantages over the water tilting box; it is steadier in operation 
becaus2 danger of change of flow or clogging of water supply is eliminated; small space is 


required and it is easy to connect it up. dala 
Clocks may be purchased which are arranged to open and close an electric circuit through 
a knife switch at predetermined intervals. They are useful in controlling movements of 


electric sampling devices such as the Flood. 


11. Recording devices 


It is essential to accurate sampling to install a recording device on auto~ 
matic samplers in order to have a check on performance. The simplest 
recorder is a revolution counter, set to count each cut; the counter Is read 
at beginning and end of the sample period giving the number of cuts and there- 
from the average sampling interval. This device does no more, however, 
than point a lack of cuts in case a sampler is stuck for a part of the sampling 
period; it tells nothing as to when the hang-up occurred, nor as to whether 
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it occurred in midstream. Too few cuts indicates unreliability of the sample; 
too many may point to unreliability of the counter. 

Graphical recorders of the Bristol or similar type, arranged to indicate 
the length of travel of the sample scoop at each cut and the time of the cut, 
give all information necessary as to performance, in the shape of a chart pre- 
senting graphically the relation between time and scoop travel. If the chart 
indicates that the scoop has stuck in mid-stream, the sample should, of course, 
be discarded. 


12. Hand sample cutters 


These are used for wet pulp in practically all plants; in some plants all 
wet sampling is done by hand; others use them only for taking special and 
occasional samples. Two forms are shown in Fig, 27, Hand sample cutters 


Open on top _y 


Sample- ——— pes | 
cutting edge IK age i >| 


XN . Wood 


Fie. 27.—Hand sample cutters. 


should be held with the edges perpendicular to the direction of motion of the 
cutter and passed completely through and out of the stream in one direction 
with a movement as nearly uniform as possible. The best results are obtained 
by taking cuts at regular intervals of time and by so using the cutter that its 
operation approaches that of a properly-run mechanical sampler. The rae 
ter should be large enough so that there is no danger of overflow while makin 
one passage through the stream of pulp. The aperture should be at least fui 
times the diameter of the largest grain in the pulp; the cutter should be 
smooth inside, watertight, and designed to clean itself readily, 


13. Preparing wet samples 


Splitting wet pulp samples is frequently done before dryi 
} ; C ying, to reduce the 
bulk. The riffle sampler (Fig. 28) or a device consisting a a revolving 
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distributor delivering to a compartmented tub may be used. The cutter 
that takes the sample can be arranged to deliver it over a series of riffles which 


automatically reduce the bulk. 


When the solids are very fine a dip sample may be taken from thoroughly 


agitated pulp. 


Air is frequently used for agitation. 


Dewatering samples is done by decanting, siphoning or filtering, final 


drying in any case being by evaporation. Elec- 
trolytes such as alum, lime, or sodium bicarbon- 
ate may be used to settle solids before decanting 
or siphoning; 1 to 5 gm. of electrolyte to a 
bucketful or tubful of slimes is sufficient. (See 
Sec. 16, Art. 4.) Pressure, vacuum or gravity 
filters are used. Where the amount of sample 
for a definite period is large, a series of small 


Sets of riffles. 

Y,wide with \* 

¥" spacings 
between 


settling tanks may be used, arranged so that 
each succeeding one takes overflow from the 
preceding, overflow from the last being clear. 
Final dewatering of material remaining in the 
tanks is done by evaporation, preceded, if neces- 
sary, by filtration. Dewatering before evapora- 
tion must not be practiced, if metals are in 
solution, unless separate solution assays and 
moisture determinations are made. Great care 
must also be required of operators in decanting and siphoning to prevent slime 
losses, 


reduced 
sample 


Fig. 28.—Wet riffle. 


14. Tonnage determination 


Determinations of weight of ore delivered to or passing through different 
sections of a mill are necessary in order to keep close check on operations. 
Where ore is being accepted at a mill from a seller, the weight must be deter- 
mined as accurately as possible; in plants that are milling company ore the 
weight need be determined only approximately, as a rough check on working. 
Many schemes are used for tonnage determination, some are accurate and some 
mere approximations that depend on averages over long periods of time for 
dependable results. 

Track scales are used for carload lots. They ordinarily require the services 
of an operator who balances the load on the scale beam and notes the weight on 
a suitable form. This method gives correct results within a small error (0.5 
per cent.) but has the pisADVANTAGE of relying on the care and accuracy with 
which the operator balances the load and notes results. With recording scales 
the operator merely balances the load, then turns a screw which automatically 
punches a card and records the weight. Some track scales weigh a train of 
ore automatically as it passes slowly over the platform. This does away with 
the personal factor entirely except for occasional standardization. The car 
must stand free and completely on the scale; snow and ice should be removed 
before weighing. 

Platform scales are used like track scales when wagons or trucks deliver the 
ore. The tare must be accurately determined. Unless the scales are in 
perfect adjustment, the load should be centered as nearly as possible at both 
loaded and empty weighings, or should stand at the same place for both 
weighings. Naturally, helpers or guests of the driver who weigh in on the 
full load should accompany the empty wagon over the scales. The wagon 
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should be at rest when weighed and, in case of animal-drawn vehicles, traces 
should hang loose. 

Automatic dump scales consist of a hopper which receives ore until full, 
when the weight is recorded and the material run out automatically. This is 
accurate. Considerable space is required, however, and operation is intermit- 
tent, making it necessary to use two units where a continuous stream of ma- 
terial is wanted, so that one will be discharging while the other is filling. Care 
should be taken to insure that all material runs out before new material is 
run in. 

Conveying weighers are attached to conveyors and automatically record 
the weight of material being carried. They occupy but little space and need 
no attendance except for occasional standardizing and adjustment. They 
are accurate to within 0.5 per cent. when kept in proper adjustment. Several 
different types may be obtained. 


Blake-Denison weigher (Fig. 29) suspends a short section of conveyor from the short arm 
of steelyard (a), which is balanced to the weight of the unloaded conveyor. The load on the 
conveyor is balanced by a. 
plunger (b) suspended in a mer- 
cury dashpot (c). Shaft (d), 
driven through bevel gears from 
a pulley revolved by the con- 
veyor, is fitted with cams so 
that every time the conveyor 
travels through the suspended 
distance these cams operate a 
device (e), which grips the steel- 
yard, and a measuring quadrant 
(f) that rotates the ratchet 
registering wheel (g) a distance 
depending on the position of 
the steelyard. This amount is 
recorded on indicator (h), cali- 
brated for the units desired. 
The machine needs no attend- 
anee except occasional inspec- 
tion and calibration with known 
weights. 

Checking operation of the 
weigher is usually done by feed- 
ing known weights of ore to the 
conveyor at aregular rate for a 
set given period of time. At one 
Fic. 29.—Weighing and recording mechanism of plant (100 J 520), if the auto- 

Blake-Denison automatic weigher. matic weigher checks within 50 

Ib. in 8000 lb. in comparison 

with hand-weighed feed, it is considered accurate enough; if a larger discrepancy is re- 

corded, the weigher is adjusted. To insure proper operation, checking should be done at 
frequent and regular intervals. 

Merrick weightometer (Fig. 30) is so arranged that, instead of weighing the load on the 
conveyor by a succession of weights of short sections, the weight is taken continuously by 
means of a specially designed integrator. A portion of the conveyor is suspended by means 
of rods (a) from weighing levers (l) that operate beam (b). The weight of the load at any 
instant is automatically counter-balanced by an iron float (c) attached to the beam. This 
float is partially immersed in a bath of mercury and thus as it rises or falls its gain or loss in 
buoyancy compensates for variations in load. The extreme end of the beam is connected 
by rod (d) to a totalizing mechanical integrator. The integrator (Fig. 31) consists of an 
aluminum disk (X) which has rollers (Y) around the periphery, the axes tangential to the 
edge of the disk and free to revolve. The disk is attached to shaft (e) which revolves in 
bearings on frame (Z). The frame is mounted on bearings at both ends which permits it to 
rotate on an axis that lies in the plane of the disk and passes through the center thereof. 
A link at one end of the disk frame is attached to rod (h) (d, Fig. 30) so that any movement of 
the beam causes the frame to tilt through an angle whose sine is proportional to the vertical 
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movement of the float which, in turn, is proportional to the load on the suspended portion of 
the conveyor. Four pulleys (U, U, Q, Q) drive an endless belt, (W), which touches rollers (Y) 
at two points diametrically opposite on the axis of the frame (Z). Contact between the disk 
rollers and the belt is maintained by pressure rollers behind the belt. The take-up pulley 
(T) is weighted and insures an even tension of the belt and takes care of any stretch. The 
two pulleys (U) are geared together 
and driven by means of gears from a 
bend pulley under the return conveyor 
belt, or from a sprocket, if link belt is 
used. When the belt is running un- 
loaded, the machine is adjusted by 
means of an adjusting weight on a 
screw attached to the beam so that 
the disk remains vertical. In this po- 
sition motion of (W) causes rotation of 
rollers (Y) but no rotation of the disk. 
When a load comes on the conveyor, 
motion of the beam causes the disk 
frame to tilt, the axes of rollers (Y) 
become inclined to belt (W) and the 


Lae 
2 <3. oie 
a A | 
belt pushes the rollers sidewise, caus- 


Sas 
sae 
ing the disk to rotate at a speed pro- ; 


portional to its inclination, 7.e., to the Fic. 30.—Merrick weightometer 
load on the conveyor. Revolution of ‘ 


the disk is recorded on a counter calibrated to read weight in the units for which the machine 
is designed. Thus the two factors, speed of belt and weight carried per unit of length 
are accounted for. 

This device can be used for weighing material transported on belt and bucket con- 
veyors, cable railways and overhead transporters. A special attachment can be procured 
that counterbalances a varying empty weight of conveyor, should the material handled 
adhere to the belt on the return trip. , 

Electric weigher operates on the principle that the amount of current flowing through an 
electric circuit is proportional to the product of the voltage and conductivity of the circuit. 
Voltage proportional to the speed of the 
conveyor is produced by driving a constant- 
field dynamo by gears or a chain and 
sprocket attached to the driving shaft of 
the conveyor. Conductivity is varied with 
change of load by a rheostat operated by a 
plunger in a mercury dashpot. An ampere- 
hour meter in circuit is graduated to read 
in units of weight. A section of the con- 
veyor is Suspended in a manner similar to 
that employed in the Merrick weightometer. 

Fig. 31.—Merrick integrator. A counterweight on the scale beam bal- 
ances the empty weight of the conveyor 
while the weight on the beam due to the load carried is counterbalanced by motion of the 
plunger in the dashpot. To provide for varying weight of the empty belt, a corresponding 
length of the unloaded part of the conveyor is suspended so that it operates on the opposite 
side of the scale beam from the loaded portion. The machine is calibrated by moving riders 
astride two wires of a loop of the rheostat when standard weights are suspended from the 
scale and the dynamo isrun at a known speed. Instruments may be attached to the system 
to record the rate of handling, time of starting and stopping, and continuity of operation; 
these instruments may be placed at any desired distance from the weigher. By connection 
of the scale with a device controlling the feeder, delivery of material at a certain rate or 
delivery of a certain predetermined amount may be effected. 


Approximate methods of weighing are used when great accuracy is unneces- 
sary or investment for a scale is not warranted. Carloads or tramloads are 
counted and the weight calculated from the volume of the cars and the weight 
of a unit volume of broken ore. In some cases carloads or trainloads are 
weighed occasionally and this weight used as a basis for calculating total ton- 
nage from the number of cars or trainloads counted. Bin measurements of 
volume are frequently used as a rough check on other methods, or in company 
mills for inventory at the end of statement periods. Tonnage may be esti- 


‘ 
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mated by counting the number of strokes or revolutions of feeding devices, 
the weight of ore fed at each stroke or revolution being determined experi- 
mentally. 


At the PortiLanp mill (63 A 514) the weight of ore passing was determined as follows: 
Once each day one Chilean mill was stopped and the feed discharged into a box for 20 
strokes of the feeder plunger. This sample was weighed and the average of the five latest 
weights, applied as factor to the number of strokes of the feeder plunger as indicated by a 
counter, gave the tonnage per 24 hr. A similar method was used at the RoseBnrRY con- 
centrator. (114 J 677.) Ore at 1-in. size was sampled every 15 min. by catching the full 
discharge of the feeder for a period of 30 sec.; alternate-interval samples were weighed. 


Wet-pulp tonnage is ordinarily computed from volume measurements and 
moisture determinations. The usual problem is that of finely-ground material 
suspended in water and flowing in pipes or launders. The whole stream is 
deflected into a suitable container during a period of time measured by a stop 
watch. Volume is determined by graduations on the container or by measure- 
ment. The proportion of solids is determined from a small dip sample taken 
while the container is filling. If the stream is small, the whole amount diverted 
may be used to determine the amount of solids in the pulp. Percentage of solids 
may be determined either (a) by weighing, dewatering, drying and weighing 
the dry solids; or (b) by calculation from the specific gravity of wet pulp and 
a value for the specific gravity of the dry material. The first method is the 
more accurate but takes longer; the specific gravity of the ore varies from 
time to time with corresponding effect on computation. Sometimes a cutter 
of known width is used to catch a time sample and the weight is multiplied by 
the ratio between width of stream and width of cutter to determine the amount 
carried by the whole stream. This method is not so accurate as the first 
because the stream varies in depth and density across its width. Results by 
this method will be most satisfactory when the material is very finely ground. 
Tonnage of ore in an agitating tank whose volume is known may be calculated 
from a dipper sample; the accuracy depends on the degree of pulp uniformity 
caused by the agitation. The volume of pulp passing through pipes is some- 
times measured by solution meters and tonnage calculated from small specific- 
gravity samples. 

- Calculations and pulp formulas, see Sec, 22, 


15. Moisture sampling 


Moisture samples are necessary to determine net dry weight from gross 
weights obtained by any method. The same care should be used in taking 
moisture samples as is used in other sampling. Moisture samples should be 
weighed immediately or placed in tight containers that prevent evaporation 
until the samples can be weighed. Calculation is simplified by taking moist- 
ure samples weighing 100 gm. or 1000 gm. or small multiples of these weights. 
The samples are weighed wet, dried at a suitable temperature until all hygro- 
scopic moisture is driven off, then weighed again; the difference represents 
moisture and is usually expressed as percentage of the wet weight. 

Moisture samples should be taken at the time the material is weighed, if 
possible, to avoid errors due to evaporation or subsequent wetting, hence 
moisture samples are generally taken at different times than assay samples. 
Some form of grab sampling is frequently used so that the sample can be 
quickly collected and placed in tight containers. The assumption is that 
error due to crudeness of method is less than the error introduced by longer 
exposure of material during more elaborate sampling. Grab samples for 
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moisture are frequently taken from the end of a conveyor belt after material 
has passed over a conveying weigher. 

It is difficult to obtain moisture samples that check within close limits. 
When ore is shipped in cars, the outer or top layers contain more or less 
moisture than the bulk, depending on climatic conditions; if shipped in 


__ bags, the material will probably be drier near the outside of the bag than in the 


middle. Thorough mixing must precede an accurate sample. If the regular 
sample mill is used for a moisture sample, drying in passage through the sam- 
pling mill is considerable and must be compensated in the calculation. \ This 
is usually done by an arbitrary percentage added to the percentage deter- 
mined. Brunton (40 A 567) says that, in ordinary practice, this loss would 
not exceed 10 per cent. of the percentage determined in summer, nor 7 per 
cent. in winter. In buying and selling a factor is determined by agreement 
between the parties; in one instance 10 per cent. of the percentage determined 
was added with a maximum addition of 1 per cent. of water based on the wet. 
weight (7P 86, USBM). Duplicate determinations on relatively dry material 
(say under 10 per cent. moisture) should check within 10 per cent. of the 
percentage present. 

Tests by the U.S. Bur. of Mines of 254 pairs of duplicate moisture samples of coal showed 
an average difference in moisture content of 0.256 per cent. with a maximum difference of 
of 3.6 per cent. (Bul. 116, USBM.) The method employed was to use the same 5-lb. 


sample, obtained as described on p. 1139, for determination of moisture and for analysis; it 
was kept in sealed air-tight containers until the moisture determination, 


16. Sampling mills 


The usual procedure is to crush and remove a sample which is alternately 
re-crushed and re-sampled until reduced to the desired weight. 

Lay-out of sampling mills. In many sampling mills, especially the older 
ones, all ore is elevated to the top of a tower-like building and then falls 
through successive crushers and sampling devices, the sample and reject 
being finally delivered at the lowest part of the building. This arrangement 
necessitates a series of superimposed floors and requires a tall building with 
sufficient strength to withstand the load and vibration of heavy machinery; 
the largest pieces of machinery are on the upper floors since the bulk of the 
sample is reduced as it progresses downward; much of the fall from floor to 
floor is wasted. The present tendency is to place the machinery as far as 
possible on one level and to use inclined belt conveyors to elevate to successive 
machines; this eliminates elevators which require much attendance, are diffi- 
cult to clean and to observe. A level-site mill is cheaper to build and simpler 
to operate; one crane can serve all machines; power distribution, attendance, 
supervision and repairs are all facilitated. Rejects are collected on a conveyor 
running the length of the building. 

Pulsifer (121 P 866) points out that by using straight-line single-bay mills the original 
cost of construction should decrease from 25 to 40 per cent. and that, with the resulting lower 
operating charges, the cost of sampling should be much lower than at present. The WasHoER 
sampling plant (Fig. 34) illustrates the vertical type of mill; the new sampler at the Tacoma 
SMELTER (Fig. 25) the one-level type. 

Size at which sampling begins depends on local conditions; in general it 
is best not to cut a sample from material containing pieces larger than 2-in., 
but in some cases a sample may be cut when pieces up to 4- or 5-in. or larger 
are present. In any case, the weight taken at any size should be sufficient to 
correctly represent the lot, as explained in Art. 1. The SIZE INTERVAL between 
successive sample cuts depends on the amount of reduction in size of pieces 
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obtained in the crushing machinery used. Taking full advantage of the 
reduction that a given crusher can make may not always be feasible, as the 
power consumption may rise so high as to prove more expensive than an extra 
crushing and sampling operation. ’ 

Crushers of jaw or gyratory type (see Sec. 3) are used on coarse sizes down 
to 1- or 1144-in.; rolls (see Sec. 3) are almost universally used from this size 
down to %-in.. 

Sampling machines. See Art. 7, 8 and 9. 

Flow of material should be continuous and uniform, otherwise the scoops 
of a given sampler may take no material during one or more revolutions and 
this failure may be multiplied in succeeding machines by synchronism, or 
it may happen that two samplers will so synchronize for several revolutions 
that the scoop of the second receives all of the sample cut by first. Any case 
between these extremes may occur, and in any such case the correct propor- 
tion of material will not be taken and the sample will be unrepresentative. 
The means for avoiding such contingencies are storage hoppers, elevators, 
mixing drums, or feeders with some storage capacity, placed between suc- 
cessive sample cutters. 

Feeders are usually placed ahead of the rolls preceding a sampler; they 
not only spread material and retard its motion sufficiently to give a contin- 
ous stream, but they feed the rolls in a thin even stream, which aids in pre- 
venting uneven wear on roll shells. The feeders are usually of the shaking 
type. They should be of sufficient length to accomplish the necessary retard- 
ation of material and their slope should be low enough so that the larger pieces 

will not move faster 
than the main stream; 
.a length of 6 ft. and 
slope not greater than 
2 in. per ft. satisfies 
these requirements. 


A small SHAKING FEED- 
ER used at Cospaur (17 
CMI 199) is shown in Fig. 
32. For other types of 
feeders see Sec. 20. 


Drum mixers re- 
tard the stream suffi- 
ciently to make it 
continuous, but their 
2 DAUIGAy ast Onmm NIEX 
thoroughly is question- 
able. Fine material 
rides up the sides and 

Fic. 32.—Shaking-plate feeder, Campbell and Deyell slides back, coarse ma- 

mill. terial rolls down on 

top of the fine and 

segregation rather than mixing is accomplished. Longitudinal ribs on the 

inside of the shell counteract this tendency; without ribs coarse material 
discharges mostly at one side and this causes uneven wear on the roll shells. 

Drum mixers may be either cylindrical or conical; a ribbed cylindrical 
mixer is illustrated in Fig. 33. Drum mixers require more head room than 
shaking-plate feeders and are more expensive to construct. Either device 
requires but a small amount of power for operation. 


600 Rev. per min. 
8*10° Inclination 
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Flexibility of plant is desirable when the size or character of ore shipments 
varies widely. Ordinarily a plant is designed to handle shipments of a certain 
size; if smaller lots arrive it may be necessary to by-pass the first sampler in 
order not to cut too small a sample. This can sometimes be done by stopping 
the sampler so that all material passes through into the sample chute; otherwise, 
suitable chutes should be provided to accomplish the same end. Allowance 
for sample variation may be made by varying the speed or cutter widths of 
the sample machines. 

Accessibility. All parts of a sampling mill should be easily accessible for 
cleaning and observation. Housings on crushing and sampling machines should 
be detachable and easily-removable doors should be provided in all housings 
for elevators, chutes, launders, ete. Chutes and launders should be designed 
with minimum turns. Hoppers and bins should be constructed so that no 


6@ ie i 
Mmxing angles 


Fie. 33.—Revolving mixer. 


material hangs up when they are emptied. Every precaution should be taken 
to avoid the possibility of clogging or leakage of material. 

Cleaning between successive lots of ore is essential in order to avoid salting. 
Ordinarily compressed air and brushes are used for cleaning fine material from 
machines and spouts; floors should be swept and all material collected put 
with the lot just run through, or so disposed of as to preclude contamination of 
succeeding lots. 

Dust losses. When a sampling mill has many open windows and a strong 
wind is blowing, the dust loss may be 5 per cent. of the total lot. As fine 
material is generally of higher grade than coarse, serious losses may thus occur. 
Further, it is hard to keep good labor in a dusty plant. Where hand sampling 
is employed, the ore is frequently dampened to keep down dust; this causes 
fine material to coat the larger pieces and thus aids in mixing. Wetting causes 
material to stick in automatic samplers and is, therefore, not permissible, 
hence in sampling mills all sampling machinery and crushers should be enclosed 
in dust-proof housings and all chutes covered and free from leaks. If frequent 
observation of moving parts is necessary, small doors that ean be readily 
opened or coverings with removable sections should be provided. 


i7. Custom sampling mills 


These mills sample lots of ore to determine their value for sale. The 
charge for this service depends usually on the grade of ore and size of lot. In 
order to keep down the expense as much as is commensurate with accurate 
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Ore: various. Capacity: 500 tons in 8 hr.; 50 tons in about 25 min. On 100,000-lb. lot, 
a sample of 160 lb. is delivered to the sample safe. This is cut down to 25 to 40 lb. in the 


finishing room before further crushing, 


Fig. 34.-Washoe sampling plant, 
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work, the sample cuts taken at the coarser sizes are made as small in bulk as 
possible, but a sufficient factor of safety in bulk of sample is allowed to obviate 
any chance of serious error. A portion of the reject from some point early in 


Sampler 


Ad 
Enlarged sample-floor plan. No.1 
Weighting ase 


oo 
' Crane, 100'sparn: 
————————s 


Fine - ore 
storage 


Elevation. 


PLAN AND ELEVATION OF ORE DOCK. 
(a) 


| 
! 
! 
| 
! 
| 
a 
oy 
| 
Py 
| 
ot 
\ 
\ 
| 
! 
1 
' 
| 
| 
| 
| 
S 
= 
| 
| 
\ 
| 
\ 
1 
| 
| 
} 
! 
! 
| 
! 
| 
| 
| 
| 
y 


A Ore BF  Yezin No.4 sampler 


70 t ord ! Yezin No.3 sampler 


) 
! 
< 12" 12" rolls i 
4"Belt,7 \ 
i Ss 8 4 300/p.m. ' 
sie S " & 'p, 7 

3 fel |S 14" Belt, 300'p.m. i A 12 "rolls Jt 
a 20 Bef 300’, ot 
wm 42% I6t0lls 
NS 
EES H 
—= ney \ 20"Belt,|| 300' pn. We H 
ee rh Hopper) V 

30, Wen ipler Crusher Plan. pe 


pa ors ! Yezint 
No, 1 sampler 


‘rolls 
ea oe s 12"rolls 


org Vezin a 
? No2sampler — San samph 


Elevation. 
(6) PLAN AND ELEVATION OF NO.2 SAMPLING MILL. 
Fie, 35.—Tacoma sampling plant. 
the sampling operation is usually kept until settlement is made, to use for 


re-sampling if necessary. 


Washoe sampling plant (Fig, 34) at Butte, Mont., illustrates general practice in western 
United States. 
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Sampling plants at mills or smelters that purchase ores have the same char- 
acteristics as custom plants except that in cases where the ore is to be finely 
crushed for treatment in the plant, it may be broken to small size before 
samples are cut. Unless, however, the purchasing contract makes settlement 
compulsory on an umpire assay without re-sampling, such fine crushing of the 
lot must be done in the small crushers in the sampling plant with resulting loss 
in efficiency. If re-sampling is eliminated by contract, the lot can best be 
sampled in the mill at a point just prior to any division of the ore stream, all 
crushing thus far having been done in large mill crushers. 

Tacoma smelter (Fig. 35) shows the scheme of unloading from boats and sampling at 
Point Defiance, Washington. Ore is lifted from boats by 42-cu. ft. Brown-hoist bucket (a) 
and aropped into hoppers (m) feeding onto 24-in. belt conveyors (b, c). Conveyors (b) 
deliver concentrate to 550-cu. ft. hoppers (e) and conveyors (c) deliver coarse ore to 550- 


cu. ft. hoppers (d) in the weighing house. Directly below hoppers (d) and (¢) are weighing 
hoppers (f) and (g) equipped with 60-ton Fairbanks-Morse recording scales. Concentrate 


Ore in R.R. cars, 12-in. lumps max. Undersize 
125-ton track scale Vezin sampler, % cut 
Receiving bins Sample 5% Reject 95% 
Feeders 10x7-in. bucket elevator 
86-in. belt conveyor (10-hp. motor) 18x10-in. rolls 
No. 7% gyratory crusher to i % -in.(75-hp. motor) Vezin sampler, ot 
80-in. belt conveyor (driven from crusher pinion shaft Sample 0.5% Reject 4.5% 
54x20-in. rolls to%-in. or 1-in. (150-hp. motor) 18x10-in. rolls 


a 


30-in, belt conveyor (10-hp. motor) Vezin sampler, %o cut 


8-ft. Hummer screen Reject 0.45% 


Oversize Sample 0.05% 


‘ U 
30-in. belt conveyor {10-hp. motor 99.95%, 


54x20-in. rolls to Y,-in. (150-hp. motor) 24-in. conveyor to 


bedding bins 
Fie. 36.—Sampling plant, Magma Copper Co. smelter. 


passes from the weighing hoppers to Martin samplers (h) (see p. 1150) which cut a 400 sample 
in two cuts of 0 each. The samples are delivered by belt conveyors (n) to the finishing 
room for preparation of moisture and assay samples. Rejects from the Martin samplers 
are delivered to storage bins by conveyors (7). Ore after weighing is delivered to the sam- 
pling-plant bin by belt conveyors (k). The method of obtaining coarse-ore samples is 
shown in Fig. 35, b which, by variation in the percentage taken by each sampler, can deliver 
a final sample of 400 to Yo0,000 of the original lot. A large variety of gold-, silver- and cop- 
per ores and concentrates is handled (119 J 687). 

Magma Copper Co. smelter. (Fig. 36.) Ore to be sampled: various copper ores; 
capacity, 50 to 60 tons per hr. The use of individual motors is noteworthy; a 30-hp. 
motor drives the two small rolls, elevator and samplers. (118 J 685.) oa 

Cobalt sampling mill (17 CMI 199) was designed by Campbell and Deyell, Ltd., to 
sample high-grade silver ores of the Cobalt district. The fact that most of the values ees 
in the form of nuggets or flakes of silver made sampling especially difficult. The flow-sheet 
is shown in Fig. 37. A specially-designed Krupp-type ball mill crushes all material to 
pass 8-mesh before any cut is made. A great part of the metallic particles remain in the 
mill until the whole lot is run through, then the mill is cleaned out and these particles are 
melted and credited to the lot. All sampling machines are of the Vezin type with special 
cutting edges. Accuracy is assured by dividing the whole lot into quarters and sampling 
each quarter separately. Close concordance of samples is accepted as conclusive evidence 
of accuracy. The QUARTERING MACHINE is a cylinder divided into quadrants, which rotates 


Crusher 10-in. by 16-in. to 1.5-in, rin 
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on its vertical axis beneath a feed spout whose center is 5.5 in. from the center of revolution. 
Hach quadrant has a hopper bottom with a spout that discharges into a separate annular 
chute. The machine runs at 30r.p.m. and thus makes 120 cuts per minute. Each quarter 
is sampled separately by the same method. The final 100-mesh pulp is mixed by sifting 
through a 40-mesh screen onto a glass table, and divided as described under (e) on page 1177. 
Meratuics on the 100-mesh screen are similarly divided on a glass plate. Metallic iron is 


_ removed with a magnet. If the metallics vary in size the different sizes are separated, 


divided into aliquot parts and combined to make a composite. The MOISTURE SAMPLB is 


Sample % 


Hard ore in sacks Sands or slimes in bags or barrels 
ae tn sachs ———— 
Scale-5000-Ib. cap. Steam dryer 
o_o a 


Trommel 


Sample safe 


Electric dryer 


100-mesh screen 


Ball mill;product 8-mesh, ee 


sereen opening 0,069-in. Held over for next 
hard-ore shipment 


Quersize Fines’ 
Disk grinder 


100-mesh screen 


Feed tank 


Metallics Challenge feeder, contnuous motion Metallics Fines 


Quartering machine 


Mixed and subdivided Mixed and subdivided 


Quarter 1 Quarter2 Quarter3 Quarter 4 Ke [oy 3 
a a s| & “Ll © = 
Shaking-plate feed Ss 8 BS qs S ;| Ss 
ee Plater st as! = 
Vezin sampler, two %o cuts sl S 
y Same procedure as quarter 1, 
Sample %o 4 : 
each through independent machine 
Shaking-plate. feed 
Special Yezin, two Yoo cuts Bullion furnace 
Reject % Sample % Bullion 
V 
Sample safe Bars weighed and Slag 


sampled by drilling 


Collecting tank with regulated discharge 
Reserved and added 
to next hard-ore 


Shaking-plate feed Refinery 


Special duplicate Vezin, each making two Yo cuts 


Shipment 


Reject% Sample Yo 


Scales Reserve-sample safe 


Bagging bins Boxed and stored 


Cauvas sacks 


Scales 


Moisture sample 


Railroad cars to smelter 


Fic. 37.—Campbell and Deyell sampling plant. 


taken with a small scoop from the mouth of every fifth bag while sacking and is placed 
alternately into two tins. When ore is shipped in barrels a pipe sample is taken when the 
barrel is half-full and another from the top half, alternating into two tins as before. 


18. Head sampling 


Most large mills have separate plants to sample the mill feed. The usual 
practice is to place the head-sampling plant following the coarse crushing 
plant and deliver reject to the fine-ore bins. Practice 1s illustrated by the 
flow-sheets, Figs. 38 to 41, incl. 


In porphyry-copper-plant practice, as typified by CuiNno CoprpER Co., (Fig. 38) the first 
cut rejects over 99 per cent, of the lot and the final machine-cut sample is less than one part 
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Belt conveyor carrying 12000-tons per 24-hr., 1-in. max. 
(Tonnage estimated by bin measurements and railroad weights) 


Automatie sampler consisting of a cutter 
with slot 4-in. wide swung through conveyor 
discharge in 1 sec. every 9 min., 0.28% cut 


Reject, 11966.4 tons Sample, 33.6 tons 


27x14-in. rolls, set close 


21.5-in. Vezin sampler, 3.58% cut 
Reject, 32.4 tons Sample, 1.2 tons 


v 
Elevator 


8-compartmented sample bin, one 


Fine-ore bins compartment for each shi 


Sample, A-shift 
800 1b. 


Sample, B-shift 
800 Ib. 


Sample, C-shift 
800 16. 

Jones riffle As A-shift 

Reject Sample, 40 /6. 

Sao room 

Fig. 38.—Sample plant at Chino Copp» Co. 


Conveyor from crushing plant, 
ore through 1.5-in. ring 


Chain 44-ft.long 
with 3 buckets each 
4.87 in. across lips 
Sample about 2.77% 


Chain-bucket sampler 


Reject, 97.23% 


bins 


¥- 


Belt feeders 


Rolls 14x27-in., set to 0.5 in. 


Snyder sampler (1:5) 
Reject, 2.22%  Sample,0.55% 
Elevator Rolls, 14x27-in., set. to 0.25-in. 
Snyder sampler (1:5) 
Sample, 0.11% 
Reject, 0.44% Rolls, 14x27-in. set to 2 mm. 


Elevator Grinder to 20-mesh 


Vezin sampler (1:12) 


Sample, 0.0092% 


Reject, 0.1008% 
— 


Elevator 


Conveyor Reject,0.12 
Bins 
=, Concentrators 
Fra. 39.—Sample plant at Cananea Fie. 40. 


Reject,450 tons 


eject,45 tons 


Reject, 0.85 tons 


Sec. 21. 


in 200,000. As the metal con- 
tent of the ore or the value of 
the metal increases, or both, the 
proportion of initial reject de- 
creases and the proportion of 
the final machine-cut sample to 
the initial lot increases. 

In small mills and in 
mills treating low-grade ore 
or uniform ore, head sam- 
pling is usually accom- 
plished in a simpler manner. 
In some cases an automatic 
sampler is used, cutting a 
small percentage at long in- 
tervals, this sample being 
reduced further by hand. 


At Avasxa GasTINEAu (low- 
grade gold ore) the heads are 
sampled at 10-mesh size, just 
before passing to concentrating 
tables, by automatic cutters 14 
in. wide, operated by air cyl- 
inders and timed by Scobey 
timers; the sampling interval is 
12 min. The combined samrle 


Fine-ore bins, 1000 tons capacity, 
4-mesh material, 500 tons per shift 


6 Challenge feeders 
‘9 collecting conveyors 
42-in. Snyder sampler, 10% cut 
Sample, 50 tons 
Mixing drum 
27-in. Snyder sampler, 10% cut 
Sample, 5 tons 
Sample bin for 8-hr. sample 
42-in. Snyder samplér, 20% cut 
Sample, ton 
Rolls set to 0.187-in, 
27-in. Snyder sampler, 15% cut 
Sample,0.15 tons 
Rolls set to 0.1.25 in. 


ee ees 
28-in. duplex Vezin sampler, 10% cut 


tone Sample A Sample 


30-Ib. per shift 30-lb. per sh 


—Sample plant, Phelps-Dode 


i sample thus obtained is further 
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from 6000 tons averages about 3000 lb. (63 A 502.) At Brumont Miuuine Co. (52 A 100) 
(gold (0.32 oz.)-silver (3.2 oz.) ore with some copper and lead present) the ore is weighed 
by electric conveying weigher; 

a sample is cut at 114-in. size Conveyor from coarse-crushing plant passing over 


at the discharge of the con- Merrick weigher. Ore at 0.75-in. max. size; 2500-tons per 16 hr. 
veyor every 68 sec. by a scoop 


mounted on a vertical inter- Vezin sampler 108-in., 16 r. p. m. 
mittent-gear wheel. The %ooth vith dao oe ena 
reduced to 50 Ib. by riffling Reject, 2375 tons Sample, 125 tons 
after crushing to pass 14-in. 
ring in a small laboratory gy- 
ratory crusher. On a 3500- 
ton lot this method checked a 
sampling mill (Western Ore 
Purchasing Co.) within 8¢ per 
ton. 

At the SULLIVAN CONCEN- 
TRATOR (116 J 453) (zinc-lead 
sulphide ore with pyrite, cal- 
cite and quartz gangue) the 
ore is weighed on a 150-ton 
track scale. A 1-per cent. cut 
is made by a bucket sampler 
after crushing through 34-in. 
square holes. The sample 
passes over a circular mixing semper 
table and a second 1-per cent. Mill bi 
cut is made by another bucket in. 
ae ee one ee 25-hp. motor runs entire plant. 2 men per shift. 
is 1 : 10,000. Fig. 41.—Sample plant at Federal Lead Co., Mill 

At the Sinyer Kine Coatr- No. 4. 

TION MILL (116 J 369), (silver- 

lead carbonate and sulphide ore) 300 tons per day is crushed through a 1 -in. grizzly, and 
asample is cut as ore falls from the end of the main conveyor onto a 24-in. apron conveyor, 
one 6-in. section of which isremoved. The 5-per cent. sample that falls through is crushed 
and again cut to 1 per cent. of the original lot. 


Shaking feeder, 1.75-in. stroke, 150 r. p.m. 


Vezin sampler, 80-in., two-scoop,16 r. p. m. 
making 10% cut 


Reject, 112.5 tons Sample. 12.5 tons 
= : 
Shaking feeder, 1.75-in. stroke, 150 r. p.m 


Vezin sampler 40-in., four-scoop,16 r. p. m 
making 20%cut 


[a ae ye CR 
Reject, 10 tone Sample, 2.5 tons (=0.1%of feed) 


eicuaion Sample bin, 6-ton capacity 


Hand sampling of heads is practiced at the following plants: 


At WiTHERBEE-SHERMAN Co., (magnetite ore averaging 25 to 45 per cent. Fe). The 
head sample is taken from the discharge end of a conveyor carrying —4-in. material. A 
steel bucket, 12 X 12 X 6 in. deep, swung on an arm from a vertical shaft, is passed quickly 
through the stream every 30 min. The sample is crushed in a small crusher to 0.5-in. and 
riffled down. The results obtained check with results calculated from samples of concen- 
trate and tailing taken in similar manner. At Sv. Josppa Leap Co., the ore is galena in 
limestone gangue. Hourly samples of the feed to six sections is taken with a hand cutter. 
The largest piece is 0.35-in. and the cutter aperture 1.5-in. The cuts are combined, mixed, 
coned and quartered at the end of each 8-hr. shift, then ground to 80-mesh and cut down to 
assay-sample size. Results check over a period. 

At Uran Leastne Co., the ore is reclaimed tailing, —4-mesh and averages 0.7 per cent. 
copper as chalcopyrite. The head sample consists of a shovelful from each 5-ton car. 
This is quartered down to 5 lb. 


When all of the ore is crushed finely before being divided or subjected to 
any concentration, the head sample is most conveniently taken from the dis- 
charge of the fine-grinding department. 


At Sunnysipp Mrnine anp Miuiine Co. a sulphide ore containing Au, 0.06. oz; Ag, 
4.5 oz.; Pb, 4.8 per cent.; Cu, 0.40 per cent.; Zn, 5.5 per cent.; Fe, 3.0 per cent. is sam- 
pled at the overflow of the Dorr classifier following the tube mills. The sample contains 
20 per cent. solids, 1.5 per cent. +65-mesh (0.0082-in.) and 68 per cent. —200-mesh. An 
automatic cutter with 0.625-in. aperture is used, making a cut every 20 min. The cutter 
remains in the stream 5 sec. and cuts a sample 0.025 per cent. of the total stream. Reason- 
ably close checks are reported. At Unirep Eastprn Mrnina Co.,, the ore is quartz and 
calcite with about 1 oz. Au and 0.57 oz. Ag per ton. A head sample of —8-mesh material is 
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taken by hand every 30 min. from the Marcy-mill discharge. Crushing is performed in cyanide 
solution that contains dissolved values. The sample is dried with all solution and a deduc- 
tion is made for values in solution, as determined by a separate drip sample. The method 
checks within 3 per cent. of the calculated value from assays of tailing and bullion. At 
Exo Prince Minine Co. (silicious ore averaging $25 in gold per ton) a head sample is 
taken every 30 min. by a pan grab from the Marcy-mill discharge. The largest piece is 
0.2-in. Results do not check well. 

Accurate head samples are not, in general, obtained unless automatic 
cuts are taken at frequent intervals. Information obtained by crude methods 
is used as a rough check on operations. Such results, averaged over long 
period, may check with results obtained by calculation from accurately-taken 
samples of tailing and concentrate or bullion. The degree to which head- 
sample results will check a calculated head assay obtained from concentrate or 
bullion and tailing assays depends not only on the accuracy of the head sample 
but also on the accuracy of the head-tonnage determination. Probably the 
best place to sample heads in any mill is just before the first division of the ore 
stream; the ore is then generally rather finely crushed and well mixed and 
simple automatic sampling machines can be used. 


19. Tailing sampling 


Automatic wet-pulp samplers are best. Ordinarily the final tailing from a 
mill is low-grade, finely crushed and well mixed, and there are no sudden 
changes in value, hence small cuts and long sample intervals are permissible. 
Hand-sampling is more likely to be accurate than in sampling heads or concen- 
trate. Practice in several plants is summarized in Tables 7 and 8. 


Table 8. Practice in tailing sampling with hand cutters 


Noeeitrum Width of Weight of 
Compan Sample Aire cutter shift Per cent. 
pany 
interval matémal aperture, sample, of total 
inch pounds 
St. Joseph Lead Co., Rivermines a hn 9-mm. O75 5-6 0.0001 
St. Joseph Lead Co., Rivermines].......... 150-mesh 05:5:, ... Llieeesedie te lseieotaerhs 
St. Joseph Lead Co., Bonne 
Merre;Mo rie +.) 1.8. ee 1 hr. 9-mm. 0.75 30 0.0025 
Hedley Gi. (MeConwm e-outke 1 hr. — 100-mesh 4 50 0.03 
Calumet and Hecla........4. 30-90 min.| 0.25-in. 0.375 5 Less than 
0.001 
Blonapab! BielmoOnb: py... .4 [We ek vee vee WOO=mesh! |!) esc. aves A iiaemeng feet ehceaters 
United Eastern, Oatman, Ariz.| 30 min. MOO=nxeshial| Ge eee allletetenettrmererae 0.00093 
Pittsburg Dolores Mining Co..| 30 min. 100-mesh}. .. 0. 0i3 ae 10 0.01 
Morning Mill, Wallace, Idaho..| 60 min. 0.25-in. 0.75 10 0.005 


20. Concentrate sampling 


Automatic samplers are used to a great extent. The same forms of cut- 
ters as used for sampling tailing are suitable. Table 9 summarizes practice 
in several plants where automatic sampling of concentrate is used. Hand 
cutters, as described on p. 1156, are also used extensively. Pipe or gun sam- 
ples and augers are satisfactory devices for sampling concentrate in bins or 
cars. Table 10 presents data on hand-sampling of concentrate in various 


plants. 


In general automatic samplers are preferable for sampling fine concentrate or when the 
material is flowing in a stream with water. This is the case with most flotation concentrate. 
Some plants report that automatic sampling of flotation concentrate must be used to get 
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Table 9. Practice in concentrate sampling with automatic cutters 
Weight of 
ha Maximum size shift Per cent. 
on ay, ae the ‘ of material sample, of whole 
minutes ee 
Sunnyside Mining and Milling Co... . 20 11%-+200-mesh|.......... 0.03 
Alaska-Gastineau...). 6.2... +20 eee 4 0.07-in. 10.5-30 0.165 
A porphyry-copper mille. ys. wos 6 Y-in. 200 0.02 
A zine-ore concentrator............- 8.5 20-mesh 60 0.03 
Chino: Copper (Cols AAS, Saat 9 0.075-in. 30 0.0056 
Phelps-Dodge Corp., Morenci Branch 12 0.25-in. 19 0.04 
Moctezuma Copper Co....... h, ene 20 4-mesh 20 0.0143 
PtlPTO -VLOUIESION GL. cic kceee sus, cas <p 3 5 aes 15 6%-+ 14-mesh 6 0.003 
Shattuck-Arizona Copper Co........ 3 BSG VOPR RAG TER, OE 
+ 150-mesh 
HngelsCoppeniCoa hs: sanre scot 4 dese clone 3% 0.0116-in. ial 0.006 
Liberty Bell Gold Mining Co........ 30 0.07-in. 20 0.05 
Tonnage Moisture 
Company Samp ee determination sample 
Sunnyside Mining and Milling Co.... Fig. 24 Estimatedin bins|From car and 
and R. R.| filter’ cake 
weights sample. 1000 
gm. taken 
Alaslca-Gastimeatt ...oatiieceds pet eecesls Cutters timed by|Sacked an d|Pipe samples 
Scobey timer weighed taken from 
sacks 


A porphyry-copper mill............ 
A zine-ore concentrator............ 


Chine/Gopper | Comic 6 ce OdeRe 0% 
Phelps-Dodge Corp., Morenci Branch 


Moctezuma Copper Co............. 
Burro Mountain sj aece met eae 


sngels: @opper: COs, osdaiews wie sade 


Liberty Bell Gold Mining Co........ 


Electrically-timed 
cutters 


Cutter operated 
by tilting box 


Scale weights 

Bin measure- 
ments and R. 
R. weights 

Bin measure- 
ments 

R. R. weight 


Estimated and 
checked by car 
weights 

R. R. car weights 


150 oz. from cars 


Taken by hand 
while loading 
Sample from cars 
Pipe sample from 

cars 


Sample taken 
from conveyor 
belt 

Grab sample 


accurate results. 


However, if the concentrate discharged by a machine is thick and flows 


sluggishly, when water is added to wash it down launders it surges so much that at one 


instant concentrate and the next almost clear water is flowing. 


In such cases automatic 


samplers are not satisfactory and a hand cutter must be used at the discharge of the machine 
or some method of sampling concentrate in bins or cars after draining must be employed. 


21. Miscellaneous mill sampling 


Miscellaneous mill samples are taken to give information concerning the 


operation of a particular machine or set of machines. 


When accurate results 


are desired and the sample must be taken every shift, automatic samplers 


are best. 


This is the case when a mill is operated in sections and the feed and 


products of each section are sampled to check its work. Ordinarily inter- 
mediate samples are taken by hand by various operators to serve as guides 
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to operations of particular machines. 
Great accuracy is unnecessary and the 
use of hand cutters and long sample 
intervals are justified. 


22. Preparing samples for assay 


Marking samples. In custom-sam- 
pling mills, where many different lots 
are run in succession through the mill, 
ample provision must be made to avoid 
possibility of confusion of samples. A 
satisfactory method is to keep a com- 
plete record of the treatment of each 
lot on a suitable form convenient for 
filing. This form should accompany 
each sample until the work is finished 
and the sacked sample delivered to the 
assayer. It should then be filed for 
permanent record. Jn mill work, when 
samples are of small bulk and can be 
held in pails or pans, small numbered 
tags of copper or brass are convenient 
for identification. Complete identity of 
sample is kept in a note-book record 
on a form numbered the same as the pan 
or pail. 

Samples in sacks may be marked 
with linen or paper tags. If there is 
danger of the tags becoming wet, a 
thin coating of hot paraffin or shellac 
will prevent the marking on the tag from 
being obliterated or changed. 


DRYING AND CUTTING DOWN 


Samples delivered to the bucking 
room or assay office may vary in weight 
from a few pounds to 100 or 200 Ib. Be- 
fore these samples can be assayed they 
must be dried and further reduced in 
bulk. If coarse, they must be crushed 
and then reduced in bulk to a few ounces 
or a pound of fine pulp. 

Drying is done in ovens or on stoves 
or hot plates. Steam, electricity, or 
burning coal, wood, gas, oil or other 
material may be used to furnish heat. 
Exhaust-steam tables are particularly 
desirable. Steam is usually circulated 
through coiled pipes arranged in shelves 
on which the sample pans are placed, 
or through false-bottom steam tables on 
which samples are dumped. (See Sec. 22.) 


Practice in concentrate sampling with hand cutters 


Table 10. 
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Out of 31 plants reporting, 18 used steam for sample drying and most of these passed the 
steam through coiled pipes. Electric hot plates were reported by eight plants. Others 
reported coal, wood or kerosene stoves. One used heat from a Diesel engine exhaust by 
passing it through a box on which sample pans were placed. 


Maximum temperature at which drying is done varies in different plants 
reporting from 132° F. to 450° F. Temperatures around 200° to 220° F. 
are most generally used. Ordinarily it is best not to use temperatures above 
212° F. on account of danger of loss. This is especially true with easily oxi- 
dized sulphide ores which may lose sulphur on heating, or with minerals con- 
taining water of crystallization. In some cases temperatures even lower 
than 212° F. may be necessary, as in the case of certain clays in which water of 
crystallization is driven off before all hygroscopic moisture has evaporated. 
; For air-drying samples for moisture deter- 
mination the U.S. Bureau of Mines uses a 
temperature of 35° C. (95° F.). 


Test for completion of drying may be made by 
holding a cool, dry watch glass or plate over the 
sample. Absence of condensed vapor on the glass 
indicates that the sample is dry. Stirring a hot sample 
with a spatula gives an indication of the presence of 
moisture by the vapor which rises. The most ac- 
curate test is to weigh until no further loss in weight 
takes place on further heating. 


Crushing samples. Small jaw crushers 
are best for crushing material from 1- or 2-in. 
maximum down to about 0.5-in. Hither the 
Blake or Dodge type is satisfactory. Small 
gyratory crushers may be used. Intermedi- 
J ate grinding is generally done in a COFFEE 

Fart) —facelbach grinder (ume (Engelbach) (Fig. 42) in which grinding 

is done between a rotating cone (A) mounted 

on a vertical, gear-driven spindle and stationary circular concaves (B) at- 

tached to the machine. The grinder is arranged so that the top part, con- 

taining the concaves, may be lifted on hinges (C) allowing access for clean- 
ing and repairs. The following sizes may be obtained: 


Capacity F Power A 
om To R.p.m. : BPIOAe 
lb. per hr. 3 Dem required, hp. weight, Ib. 
200 Q.5-in. 10-mesh 225 4 850 
100 0.37-5in. 10-mesh 250 3 550 


Fine grinding of samples is best performed in pisk GRINDERS of either the 
Braun (Fig. 48) or McCool type. 


Braun pulverizer. The ore is ground between two disks, one revolving (a) and other 
stationary (b); fineness of product is determined by adjustment of screw (c). The revolving 
disk is mounted on a horizontal shaft equipped with tight and loose pulleys (d). Material 
is fed through hopper (e) and enters the space between the disks at the center whence it is 
fed by gravity and centrifugal force to the periphery and there ground. Ground material 
passes between the disks and is discharged into a removable tray (f) beneath. Removable 
cover (g) and the hinged stationary disk permit easy access to the grinding parts for cleaning. 
Feed may be }4-in. size. The principal dimensions are: length, 23 in.; width, 14 in.; 
weight, 235 lb., 850 r.p.m.; 1 hp. One set of grinding disks should handle from 2500 to 
7500 ordinary ore samples. They are readily replaced. 

( McCool pulverizer is a similar machine except that slow relative motion of the 
disk centers is superimposed on rotation, which is supposed to accent the rubbing motion 
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between the disks. The machine is made in two sizes, the larger rated at 1 lb., the smaller 
at 0.5 Ib. to 100-mesh in 30sec. Dimensions follow: 


Length, Width, Height, | Pulleys, Pulley Power, | Shipping 


Size é 3 
in. in. how in. speed, hp. weight, Ib. 
Melsarge..:..... 40 18 iG 12x 4% 275 Z 570 
ara ss es. 30 11 144%/)11xk 4% 250 1 330 


Bucking board consists of a flat cast-iron plate with finished surface on which ore is 
pulverized by means of a cast-iron muller on a wooden handle. The operation is usually 
manual, but mechanical drive 
may be used, if desired. Buck- 
ing boards are not as efficient or 
quick as disk grinders but fur- 
nish suitable means for grinding 
in places where power and more 
elaborate equipment are not 
available or for grinding very 
small quantities of material that 
might be lost in a mechanical 
grinder. 

Grinding surfaces should be 
of material that is not so hard 
that it becomes polished, with 
consequent reduction in effici- 
ency, nor so soft that the value 
of the sample is affected by 
admixture of fragments from the 
surfaces. If the surfaces are very 
soft, pieces of valuable mineral 
may be taken up, thus not only 
reducing the metal content of 
the sample being ground, but Fie. 43.—Braun disk pulverizer. 
possibly salting succeeding sam- 
ples. Grinding surfaces developing small holes or cavities should be avoided and dis- 
earded. Filling such holes with soft metal should not be practiced. Iron introduced 
into a sample by grinding can be removed with a magnet, if objectionable. 


Fineness of sample required for assay varies with the character of ore. 
Since the actual material assayed must be cut out of the assay sample, the 
maximum size of grain must bear the same relation to the weight of the sample 
cut as at any other step in the sampling operation. Further, where a wet 
method of assay is employed, grinding must expose all of the valuable mineral 
to the action of the solvent. Usually a large factor of safety is allowed in the 
final sample and no sample for assay is coarser than will pass 80-mesh; many 
plants pass the final sample through 100-, 120-, 150-, or 200-mesh before deliv- 
ering to the assayer. 

Usual procedure in final grinding is to pass the sample through the grinder 
and separate undersize through a screen of the desired aperture. Oversize is 
returned to the grinder and the operation repeated until all passes the screen. 
Iron washers or stiff brushes are frequently used to aid in pushing material 
through the screen. Time is thus saved but washers cause wear on screen 
wires and in case of ores containing fine elongated pieces of valuable metal or 
mineral a piece may be forced through the screen that will have a serious effect 
on the value of the sample. With ores containing metallics it is often found 
impossible to pass the last flat metallic pieces through the screen, even on 
repeated grinding. In such cases the final oversize of metallic pieces is col- 
lected, weighed and assayed separately, and its value is allotted in proportion 
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to its weight and the weight of the sample. The screens used should be 
perfect. 

Jones riffle (Fig. 44) is the most satisfactory device with which to make 
final reductions in bulk of sample prior to delivery to the assayer. It con- 
sists of an even number of equally sized chutes, adjacent chutes discharging 
at opposite sides. Ore is fed to the riffle from a scoop. Jones riffles may be 
procured in the following sizes: 


Dimensions, IN. ...ntece Sects h seers | 4x 4 6 xX 6 | 10 x 10 10 x 18 
Wadthyof troughs, in. sists screws cht 1% 16 34 3% 
Number of troughs. ... -. ..-.. Sewer ae | ) | 10 18 


Flat riffle (Fig. 45) is used for the same purpose as the Jones riffle, but is 
less convenient. It has alternate slots closed at the bottom so that half of 
the material fed is retained in alter- 
nate troughs while the other half 
falls through. In using this riffle 
care should be taken that the closed 
troughs do not fill up and overflow 
into the open troughs. 


Use of riffles. Riffles should be of 
strong construction and carefully handled. 
Rough treatment causes distortion of the 
dividing edges between chutes with con- 
sequent inaccuracies in samples. Chutes 
should be wide enough to prevent bridging 
of coarse particles; at least three times the 
diameter of the largest particle in the feed 
and better more. Feed scoops should be 
of the same width as the total combined 
width of the riffle chutes; if greater, end 
cbutes receive an undue proportion; if less, 
chutes receiving the edge of feed stream are 
under-loaded. The same number of riffles 

Fic. 44.—Jones riffle and scoop. should discharge each side. Some manu- 
facturers furnish rifles with an uneven 

number of chutes, so that both end chutes dischirge the same side. This will cause ma- 
terial discharged on the favored side to contain a1 undue proportion of coarse material as 
wellas to weigh more than 
the other portion. Such 
rifles should be rejected. 
Material should be spread 
evenly across the full width 
of the feed scoop and de- 
livered to the riffles well 
toward the center. A good 
way to feed is to place the 
loaded scoop with ore at 
rest thereon so that the 
edge rests on top of the 
riffe-chute dividers along a 
line perpendicular to these 


and near the edge farthest 
from the operator; then 
draw the scoop smartly from 
under the charge, allowing 


it to fall evenly on the riffle. Fig. Te an riffle and scoop. 
It is desirable to keep the 


edge of the scoop straight and to avoid a scoop that, through long usage, has a gig or 
uneven edge. 
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weighing out for assay. Simple methods are usually 
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Mechanical devices are sometimes used to make the final reduction in 
bulk of sample. They have the advantage of eliminating the personal equa- 
tion but it is questionable if their substitution for a 
Jones riffle gives any greater accuracy. 

Umpire sampler (Fig. 46) has two buckets revolved in op- 
posite directions by means of bevel gears. Hach bucket is 
divided into four compartments by plates at right angles, two 
opposite compartments being open at the bottom while the 
other two are closed. Material is fed from a scoop (a) that is 
shaken by a cam (b) striking a strap (c) attached to the scoop 
and to the coiled spring (d). The sample passing through the 
second rotating bucket is caught in a bucket (e) and represents 
one-quarter of the material fed to the machine. 


Mixing is essential before dividing a sample or 


employed: (a) coning; (b) turning over and over with 
a spatula; (c) rolling on a piece of glazed paper, 
rubber or oil-cloth. Rolling is accomplished by 
drawing the corners of the paper or cloth horizontally 
toward diagonally opposite corners, causing the sample 
to roll over and over on itself. If the corner is lifted 
instead of drawn horizontally, the sample merely slides 
along the surface of the cloth and no mixing occurs. 
(d) ANACONDA MIXER, consisting of a cubical box rotating on a horizontal axis 
forming a diagonal of the box, makes an efficient mechanical mixer for small 
samples. (e) JoNES RIFFLE may be used for mixing finely-ground material, 
the two portions obtained being united and passed through again and again. 

Final division of ground samples into small 
parcels for assay may be effected by riffles or ma- 
chines as described above, or by one of the following 
methods: (a) Coning and quartering. (6) Spread- 
ing and taking small portions with a spatula from 
points scattered at random over the surface of mater- 
ial, taking care that the spatula tip goes down to 
the bottom of the pulp layer each time. (c) Pouring 
into bottles from a rolling cloth or scoop after mixing, 
f using the bottle-filling device shown in Fig. 47. (d) 
Fie. 47.—Bottle-filling yfechanical dividers of various types, usually diminu- 

cen’ tives of apparatus already described. (e) A method 
including mixing and dividing, successfully used on copaur silver ores 
(17 CMI 199) is as follows: 

The finely-ground sample (—100-mesh) is sifted several times through a 40-mesh screen 
onto a glass table, the screen being held about two inches above the material on the table. 
The pile is kept spread with a spatula. The glass table is marked off radially from a center 
into 16 equal sectors, and the material sifted is centered. After the final sifting the material 


is divided along radial lines.. Material from alternate sectors is placed in separate packets, 
thus giving eight samples for such disposition as is desired. The balance of the material 


Fic. 46.—Umpire 
sampler. 


is rejected. 
23. Cost of sampling 


Information is limited and of such character that averages have little 
value. Costs at custom plants using machine-sampling methods vary from 
about 20 to 65¢ per ton (Peele), according to the character of the ore, location 
of plant, cost of labor, tonnage sampled and whether the ores are purchased or 
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not. The above figures include assaying and overhead but not the cost of 
buying and selling. In smelters cutting the first sample by hand methods, 
costs vary greatly according to whether the first handling is charged to sam- 
pling or other operations; they may be as high as $1.00 to $1.50 per ton. In 
mills having a mechanical head-sampling plant, the amount of labor required 
varies from 0.125 to 3 or more man-shifts per 24 hr. This does not include 
preparation of the sample for assay. For estimating the cost of general mill 
samples taken by hand, from 15 to 50 samples per man-shift, depending on 
local conditions, may be taken as a basis. From 12 to 45 samples can be pre- 
pared for assay per man shift, depending on the size of samples to be prepared 
character of material, degree of fine grinding necessary, equipment and general 
organization of the working force. 

At Houurncer the mill-sampling cost per ton milled in 1923 was $0.0052 while assaying 


cost $0.0236 per ton milled. At Unrrep Eastern (63 A 566) the cost of general mill sam- 
pling in dollars per ton milled was as follows: 


Operating | | | 
Year * Labor | Supplies | Power Total 
1917 0.0011 | .0034 .0005 .0050 
1918 0004 .0018 . 0009 0031 


Average 0007 . 0026 | . 0007 .0040 
i 


| 
! | 


The mill treats gold ore by cyaniding and has about 250 tons per day capacity. 
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Testing has two purposes, viz.: (1) determination of the best method for 
treating a given ore, and (2) determination of the best method of operating a 
given process. The purposes and methods of procedure overlap to a consid- 
erable extent, but in general, testing for a process demands the application of 
several different processes to the same ore while testing processes involves 
investigation of the effect of changes in the operating characteristics of a given 
process in treating the same or different ores. Jn either case the work requires 
painstaking attention to detail; close, careful and accurate observation and 
record of performance, and incessant speculation as to causes. Correct inter- 
pretation of results requires wide experience both in testing and mill operation 
and a healthy balance between pessimism and optimism. The best labora- 
tory results can frequently be bettered in mill operation; on the other hand 
it is frequently impractical to expend in the mill the care lavished on labora- 
tory operation and it is rarely that mill operation is economically subject to 
as close control in the matter of quantities treated and purity and uniformity 
of substances used as is the laboratory. This is particularly true in hydro- 
metallurgical processes and flotation. 

Time is ordinarily an element in all testing work. The experimenter is 
continually ground between the upper millstone of demand for quick results 
and the nether necessity for exhaustive investigation before announcing con- 
clusions. Clear recognition of the situation should be sufficient guide. 

The principal tools for testing are the assay, the testing sieve and the micro- 
scope. Others are the specific-gravity flask, heavy solutions, and small-scale 
replicas of or substitutes for mill machines. Among the latter are hammer 
and anvil for estimating crushing resistance; hand jig, pan, batea and plaque 
for gravity concentration; portable magnets, bottles for agitation-froth flo- 


tation tests, and the like. 
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1. Testing for a process 
Outline of procedure 


. Obtain a proper sample. 

. Determine the qualitative mineralogical composition. 

. Determine the content of valuable mineral. (Assay.) 

. Determine the distribution of valuable mineral. (Sizing-assay test.) 

. Determine the aggregation of valuable mineral. (Microscopic examina- 
tion and sizing-sorting-assay test. ) 

6. Study existing flow-sheets for the treatment of similar ores. 

7. Devise a tentative ftow-sheet for laboratory procedure. 

8. Procure, by following this flow-sheet, material representing the feed to 
each machine in the tentative flow-sheet, and treat these materials in batches 
on the indicated machines, in order to determine the best possible conditions 
of treatment and the corresponding results. 

9. Construct a metallurgical balance sheet of the results of the batch 
testing. (Four-column table.) 

10. Make a continuous run to confirm the results shown in (9). 

At this point the lines of procedure diverge according to the size of mill 
contemplated and the elaborateness of the laboratory equipment. It is 
rarely that a testing laboratory has sufficient equipment, properly balanced 
as to size, to make a continuous run on a scale that will yield a reliable indica- 
tion of mill performance, except to an experienced interpreter, and the more 
experienced the interpreter the more doubt he is likely to feel of his interpreta- 
tion. Consequently, if the size of the mill installation will justify the expense, 
the continuous run should be made in a pilot mill, built at the mine, fed with 
freshly-mined ore that is as nearly as possible representative of what the final 
mill will get, and run for a sufficient tume to answer definitely, with as little 
interpretation necessary as possible, what the performance of each machine 
will be and what the performance of the whole mill. Practically all of the big 
mills in this country, when they have not been the result of progressive growth 
from small beginnings—which, of course, is the equivalent of a pilot mill— 
have been preceded by pilot mills of more or Jess elaborateness, in which, 
usually, a variety of different machines have been thoroughly tested for each 
step of the process. The cost of the pilot mill is usually only a small fraction 
of that of the big plant and the expense is readily justified as insurance and 
quickly saved if, as a result, the big mill falls more rapidly into regular oper- 
ating stride. 

When the contemplated mill is too small to justify the expense of a pilot 
mill, the continuous run or runs must be made in the laboratory. In the 
laboratory run it is usually impossible to duplicate mill conditions as to mid- 
dling circulation and water reclamation. Except from the mechanical stand- 
point, however, 7.¢., sedimentation and incrustation in the water channels and 
effects, reclaimed water makes no difference in the performance of gravity 
concentration. Its probable effect in flotation or in hydrometallurgical 
processes can be investigated by a series of small-scale tests supplementing 
the continuous run. On the other hand, middling must be circulated in the 
continuous run and eliminated from the final products. If the middling cir- 
cuit differs, as it almost inevitably will, from that to be expected in the oper- 
ating mill, its effect on performance must be closely studied and suitable 
allowance made in the final design. This is by far the most difficult part of 
testing and interpretation, No rules can be set down for guidance. Success 
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in handling the problem is in proportion to the ability of the experimenter to 
observe closely and to his experience in mill operation and in similar testing 
work. 

Sample. The first essential is a correct sample, of such weight as to fur- 
nish all the material necessary for the initial small-scale laboratory tests. 
This weight will usually lie between 50 and 1000 lb. The smaller amount is 
ordinarily sufficient when enough is already known concerning the ore to indi- 
cate fine grinding and a simple method of treatment such as cyaniding or 
flotation. The larger amount is necessary when nothing is known or when 
what is known indicates a complicated flow-sheet. 

Mineralogical composition. The first step in the testing work is to deter-. 
mine the approximate mineralogical composition of the ore, at least in so far 
as the principal minerals are concerned. With simple base-metal ores this 
can usually be done from hand specimens. (See Rogers, Dana, Davy and 
Farnham, Murdoch, Johannsen.) Precious-metal ores ordinarily require an 
assay to determine the presence of gold and silver. Complex base-metal ores 
demand microscopic examination (see p. 1192, also books on petrology). 

Assaying is not within the scope of this book. The following books are 
reliable and complete: A. H. Low, Technical methods of ore analysis, John 
Wiley and Sons, Inc., 1919. EE. A. Smith, The sampling and assay of the pre- 
cious metals, J. B. Lippincott Co., Philadelphia, 1913. E. E. Bugbee, A 
text book of fire assaying, Wiley, 1922. C. H. Fulton, A manual fire assay- 
ing, McGraw-Hill Book Co., N. Y., 1911. 


2. Sizing tests 


Sizing analysis consists in quantitative separation of a mass of material of 
various sizes into a number of grades, each characterized by a relatively small 
size interval between largest and 5 
smallest particles. The means of % 
grading are (a) screening and (b) 
settling in a fluid, usually water. 
Screen grading, used on granular 
material, is called SCREEN ANALYSIS; 
grading by settling in fluids, used. 
for the finest sizes, is called BLUTRI- 
ATION. Trequently the various 
grades are assayed, in which case 
the operation is called a sIzING- 
ASSAY TEST. 

Testing sieves (Fig. 1), used for — Qye-size set, 
screen analysis, are circular pans, nested 
6 to 12 in. diameter and 1 to 2 in. 
deep with screen bottom. The 


frame is ordinarily made of brass ay 
with upper edge beaded on a stout 
wire and lower edge extended below 

Be 


On 


the screen, crimped inward, and ar 
rolled to an easy fit with the upper Bpetsieercee Telescope set 
edge of other screens in the set, in ee 


order that the screens may be nested. 
A pan (a) to collect undersize and cover (b) to confine oversize may also be 
obtained; their use lessens dust loss. TrLEscopE Nusts, usually made with 
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each finer screen of sufficiently smaller diameter than the preceding to per- 
mit telescopic packing, are made for field use. The pan of a telescope set 1s 
made of sufficient diameter to receive the nested 
set. 

Standard testing sieves. The U. 8. Bureau 
of Standards has done considerable work in the 
study of fine testing sieves and their performance, 
in connection with the determination of fineness 
of cement. The work early showed the irregu- 
larities in fine cloth (Fig. 2) and the first specifi- 
Fia. 2.—Microphotograph ¢ation of a standard was designed to overcome 
of 200-mesh screen cloth, “the irregularity by setting up tolerances in diam- 
magnified 12.5 diameters ~e F = 5 Cj 

(wate wires vertical): eter of wires and their. spacing. (USBS, Cire. 

39.) Further investigation (USBS, TP 29 and 
42) led to a statement of larger tolerance as to mechanical construction, 
placing the principal weight on performance. The present specification 
follows: 


“Bureau of Standards Specifications for No. 200 Cement Sieves. . 

“Wire cloth for standard sieves for cement shall be woven (not twilled) from brass, 
bronze, or other suitable wire and mounted on frames without distortion. The sieve frames 
shall be circular, about 20 cm. (7.87 inches) in diameter, 6 cm. (2.36 inches) high, and pro- 
vided with a pan about 4 cm. (1.97 inches) deep and a cover. 

““No. 200 Cement sieve, 0.0029-inch opening. 

““The No. 200 sieve should have 200 wires per inch and the number of wires in any whole 
inch shall not be outside the limits 192 to 208. No opening between adjacent parallel wires 
shall be more than 0.0050 inch in width. * 

“The diameter of the wire should be 0.0021 inch, the average diameter shall not be out- 
side the limits 0.0019 to 0.0023 inch. 

“The sieving value of the sieve, as determined by sieving tests made in conformity with 
the standard specifications for these tests on a standardized cement which has a fineness of 
75 to 80 per cent. passing the No. 200 sieve, or on other similarly graded material, shall not 
show a variation of more than 1.5 per cent. from the standards maintained at the Bureau of 
Standards. 

““The Bureau also reserves the right to reject sieves for obvious imperfections in the sieve 
cloth or its mounting, as, for example, punctured, loose, or wavy cloth, imperfections in 
soldering, etc.” 


The 100-mesh and 20-mesh sieves are standardized on a mechanical basis 
only. For a nominal fee, the Bureau of Standards will test any sieve and cer- 
tify its approach to the standard. 

The Bureau investigation developed that single fineness determinations, made by 
experienced operators, rarely vary from the mean of several determinations by more than 
0.5 on material testing between 75.00 to 85.00 fine and that the constant variations of in-~ 
vidual operators (‘‘personal equation’’) were of the order of 0.1 to 0.2; that tests made when 
the humidity is high are unreliable; that the effect of humidity is different with different 


materials, least with cement, ground quartz Sand and ground marble, of 11 materials tested, 
and greatest with trap rock and alumina. 


Sieve scales. If a piece of substantially homogeneous rock is broken by 
any of the usual methods of crushing and the product is divided into a number 
of grades according to size, it will be found that the weights of the grades 
change gradually from size to size, that they pass through a maximum in one 
of the coarser sizes, and, sometimes, through a secondary maximum near the 
fine end, while the weight of the undersize of the finest screen is usually greater 
than that of the last preceding grades. This behavior is apparently a nat- 
ural characteristic of crushed homogeneous material. The location of the 
maximum point in the curve varies according to the extent of the size reduc- 
tion, the method of crushing, and perhaps also to other factors. If the rock 
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is non-homogeneous, the secondary maximum will usually be more pronounced 
and its position distinctly related to the rock structure, while the principal 
maximum will be located differently than with a homogeneous rock similarly 
treated. Graphical representation of these facts is given in Fig, 3. As the 
number of grades is decreased the smooth- 
ness of the curves decreases and a small 
amount of experimental work makes it ap- 
parent that irregular intervals between suc- 
cessive grade sizes increases the irregularity 
of the results. While this is an ex post facto 
explanation, it is the principal physical 
justification for a testing-sieve scale with 
- regular size intervals. ‘Festing-sieve scales 
_have been proposed by Rittinger (Aufbereit- 
ungskunde, 1867), Richards (OD), DeKalb — Coarsest Size Finest 
(80 J 151), Institution of Mining and Metal- : in 
lurgy (I.M.M.) (49 IMM 486), Hoover (19 poe eae plots orang 
IMM 486), W. 8. Tyler-Co--(18 ASTM") Os onoous rock powders 
1053), and U.S. Bureau of Standards, the % ; j 
chronological order of the proposals being the same as the order of listing. 
Of these proposed scales only the I. M. M. and the Tyler series have taken 
form in actual testing sieves. 


—> Weight 


Vit bie Rock 


Non-homogeneous Rock 


Rittinger series. The unit aperture is 1.0-mm. Apertures of other screens form a 
geometrical series both ways from the unit with a ratio of \/2(=1.414). Areas of individual 
apertures 1n successive screens vary, therefore, in the ratio of 2. 

Richards series (also known as pouBie Rirrincer) starts from 1-mm. aperture and 
progresses both ways with the constant ratio V/2(= 1.189). 

DeKalb series is pseudo-arithmetic. Starting with 0.003-in. as the smallest aperture, 
the succeeding apertures in the proposed series are found by adding 0.001 in. to the aperture 
of the preceding screen, n being the number of the screen in the series. 

I. M. M. series (Institution of Mining and Metallurgy) has no regular basis, but con- 
tains screens whose mesh designation is in common use in the mills, e.g., 20-, 30-, 40-mesh, 
ete. (see Table 1). In the hope to insure perfect locking of the wires on crimping, the wires 
in any given screen are chosen equal in diameter to the apertures. This specification makes 
the coarse screens too heavy for weaving and the fine too light for durability, while the per- 
centage of opening in the intermediate screens (25 per cent.) is smaller than necessary and 
there is consequent reduction in rate of sifting, The aperture of any screen in the series, in 
inches, is the fraction 1/(2 * mesh-designation), (¢.g.), the aperture of the 20-mesh screen 
is }40 in. 

Hoover series is a constant-ratio series (geometrical progression) with the ratio 
V2(= 1.2599), starting with 1-in. as the unit aperture. It happens that the fifteenth 
screen, 0.0394-in., is 1-mm. aperture, so that this may be looked upon as the unit aperture 
for metric designation. is 

Tyler series is a geometrical progression with the multiplier Vv 2(= 1.414), starting 
from the standard 200-mesh testing sieve (0.0029-in.), This is substantially the Rittinger 
series, except that instead of choosing 1-mm. aperture as the starting point, the series is 
based on a screen (200-mesh) already long established in testing-sieve practice and standard- 
ized by the U.S. Bureau of Standards. The 20-mesh (0.833-mm.) and 100-mesh (0.147-mm.) 
screens have also been standardized by the Bureau. The W. S. Tyler Co. made 
the series effective by manufacturing the screens in durable and attractive form and adver- 
tising them widely. Asaresult they have been adopted by a large number of mills, and for 
the first time, published screen tests of results at one mill can be interpreted in terms of 
sereens familiar to readers at other mills in practically every part of the world. ; The Tyler 
Co. also manufactures sieves to the ~/2 ratio, in order to give closer sizing, if desired. These 
start at the standard 200-mesh and hence fill in the gaps between the screens in the regular 
eo. S. B. S. series (United States Bureau of Standards) is the old Rittinger series, revivi- 
fied by the Bureau several years after the introduction and adoption of the Tyler series. It 
includes the ~/2 screens (double-Rittinger) below 1-mm. and thus brings in the standard 
200-mesh sieve, but this sieve would not form a regular member of the series. 
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In view of the satisfactory quality and wide adoption of the Tyler series, the proposal 
of the Bureau is deplorable and it is to be hoped that it will not meet with acceptance by mill 
laboratories with resulting confusion in screen-test literature. Table 1 gives the mesh and 
apertures of the Tyler and I. M. M. testing sieves and, in parallel columns the apertures 
proposed in the other series. 

Screens for coal testing. Holbrook and Fraser (Bull. 234, USBM) call attention to the 
fact that none of these scales is applicable for ordinary commercial coal testing for several 
reasons, viz.: (1) The proposed series all include such fine screens that woven-wire screen 
surface must be used, while most commercial coal preparation is done on round-hole sereens 
and the testing sieves should correspond. (2) The series are based on the metric system 
while coal is sold in sizes commonly rated in common (English) units. (3) The majority of 
screens in the proposed scales are below l-mm. while the usual coal investigations are inter- 
ested in coarser sizes. (4) The usual testing sieves have 8-in. frames; coal testing, involving 
as it does much coarse material, requires larger samples than ore testing and consequently 
larger sieves. They propose a series with 1-in. as the base and a sieve ratio of two, viz.: 
8-in. 4, 2,1, 4%, 4, %, Me, 42 and 4-in., the sieves to have round holes punched in steel or 
brass plate, mounted in frames 18 in. square. They suggest 6-in., 3-in. and 1 14-in. sieves, 
if closer grading is desired in the coarser sizes. For pulverized coal the problem is different 
and the usual square-mesh wire-cloth sieves are suitable. 

Methods of screen analysis. Crude analyses, suitable for all ordinary 
work, are made by placing a weighed dry sample of the material to be tested 
on the top or coarse screen of a nest, shaking the nest until most of the 
undersize has passed the coarse screens (one to two min.), then removing the 
screens one at a time, beginning at the top, shaking each separately over a 
pan until the amount passing through in a minute is less than 1 per cent. of 
that remaining on the screen. Undersize is added to the top sereen of the 
remaining nest. On coarse screens (0.75-in. or larger apertures) pieces near 
the screen size may justifiably be tested and put through, if possible, by hand. 
Oversizes and final undersize should be weighed and kept separate until all 
have been weighed and the weight checked against the original weight. 
Weighings should be accurate to within 1 per cent. and the total weight of 
the grades should check the original weight of the sample within 1 per cent. 
Screens should be shaken in such a way that the material is caused to travel 
slowly in a thin sheet over the whole surface of the sieve and at the same time 
the sieve should be jarred in a way that will cause the cloth to vibrate gently 
in a direction perpendicular to its plane. In specifying a standard method for 
sieve testing of cement, the U. 8. Bureau of Standards states that the sieve 
“shall be held in one hand in a slightly inclined position . . . , at the same 
time gently striking the side about 150 times per min. against the palm of the 
other band on the up stroke. The sieve shall be turned every 25 strokes about 
one-sixth of a revolution in the same direction.” The reason for the final 
specification appears in some work by Griesenauer (70 HN 1296) showing a 
variation of 1.4 per cent. in the mean of tests across warp and shoot wires. 
When the fine material is caked, it may be broken up by rubbing on the sieve 
with a bristle brush or a rubber cork. Cut-metal washers are sometimes 
placed on the finer sieves during shaking, but this practice wears and distorts 
the fine cloth and, with soft material, produces an improperly large amount in 
the finest size. 

When coarse material is tested the sample must be large because of the 
impossibility of cutting down accurately. On the other hand, except for the 
most accurate work, a carefully riffled sample of —0.12-in. material weighing 
250 to 300 gm. is large enough. Hence considerable time can be saved by 
sifting the large sample roughly on the 3.33-mm. screen, cutting down the 
undersize to 250 to 300 gm. and screening this on the finer screens while the 
oversize is re-screened beginning with the coarsest screen. The undersize 
from the 3.33-mm. screen on the re-screening may usually be safely considered 
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oversize on the next finer screen and so treated in calculating the re-distribu- 
tion. 

Wet samples are best handled by jigging on the finest screen at the surface 
of water in a pail and washing the material on the screen with a fine jet until 
substantially all of the slime has passed. Oversize is then dried and re-screened 
on a nest including the fine screen, and the undersize of the fine screen on the 
dry sifting is added to the dried undersize of the wet screening. This procedure 
is quicker and more accurate than preliminary drying and dry sifting, on 
account of the difficulty in breaking up slime cake formed in drying. Sam- 
pling wet pulp for the screen sample is, however, a difficult matter, and this 
consideration may justify drying, riffing and subsequent wetting to break 
slime cake. _ 

Mechanical testing-sieve shakers. It requires from one to three hours to 
sift a 200-gm. sample containing 30 to 50 gm. of —200-mesh material by man- 
ual shaking. Mechanical shaking will reduce the time to from 30 to 45 min. 
and during the time the sieves are being shaken the 
operator is free for other laboratory duties. 

The Ro-Tap TESTING-SIEVE SHAKER (Fig. 4) made by W. S. 
Tyler Co., for 8-in. testing sieves, consists of a movable cage 
with base (a) and top plate (6) between which a nest of 13 half- 
height sieves or 7 full-height with pan and cover can be mounted 
and subjected to a rotary sifting motion while at the same 
time the lever (c) strikes the top plate once per revolution and 
produces vibration of the screen cloth. A time switch on the 
motor is useful. Duplicate samples sifted for equal periods of 
time on the same or different machines check well within the 
limits of sampling error. If the total amount of dust in the sam- 
ple is important, the sieves after removal from the shaker, 
should be brushed around the inside of the rims with a soft 
Fic. 4.—Ro-tap test- brush and shaken individually for a short time asin hand sifting, 


Fmesiororehalken, as a small amount of dust collects around the edges of the coarser 
ng screens during the mechanical shaking and does not pass through. 


Standard sizing test. No standard procedure for sizing tests is accepted 
or generally used, but Hersam and Gross (Reports to Milling Comm. A. I. M. 
& M. E., Jan., 1924 and Jan., 1925) have proposed the following method, after 
long study. The time required for performance is excessive except in cases 
where an apparent refinement is demanded that is greater than is actually 
possible by any method known at the present day. However, while adoption 
of the proposed method m totols Table 2. Tolerances in testing sieves as recom- 
certainly neither justified nor mended by U. 8. Bureau of Standards 
desirable, many of the indi- 
vidual suggestions are valuable. 


Tolerances in percentage 


A summary follows: Screen 
opening, 

ScrEEN CLOTH should have square mm, Wire Average | Maximum 
holes and be made of double-crimped diameter opening opening 
wire of sufficient weight to resist ia 
deformation, but not so heavy as to Osten ae 10 itis 10 
permit enough wear to change the 1300. 4 10 3.0 10 
aperture materially. SimvE FRAMES 0.35 + 10 4.5 25 
should be 8-in. diameter, strong and 0.125+ 20 6.0 40 
well-made, and free from crevices 0.0444 20 Fs 60 
that can hold material. The actual 


average DIMENSIONS OF APERTURES 
should be known and recorded and yar1aTION IN APERTURE should not exceed U. 8. Bur. of 
Standard tolerances. (See Table 2.) The simvn-scatm RatTIo should not exceed /2. 
The sampxy should be dried at 110° C., rifled down to within 10 per cent. of the wrranT 
corresponding to maximum size of particle, according to Table 3. Surr wut on finest sieve, 
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using distilled water, until all slime is removed. This may be done either by placing the 
charge on the sieve and jigging it through the surface of a body of water in a container, or 
by decantation through the sieve. In either case the quantity of water used should be kept 
as small as possible. Dry oversize at 110° C., cool and weigh. Sirr oversize dry, begin- 
ning with the finest sieve, SHAKING as recommended by the Bureau of Standards (p. 1185). 
Sifting should be done with pan and cover, the sieve 

held over glazed paper to indicate and save SPILLS. Table 3. 
When the undersize for one minute is less than 0.1 analysis, 
per cent. of the original weight of sample, remove 
the oversize, brush dust from both sides of the sieve, 
remove particles loosely held in the screen, then re- | 


Sample weights for sizing 
proposed by Hersam and 
Gross 


turn all oversize and shake again until less than 0.05 Range of size Sample 
per cent. of the weight of the original charge passes of coarsest particles weight, 
in one minute. Repeat the brushing operation, re- in sample, mm. gm. 
turn the oversize and sift for one minute. If the 
undersize is less than 0.05 per cent. of the original 16 .00-11.32 40,000 
charge weight, the END vornT has been reached, other- 11.32— 8.00 12,500 
wise repeat the foregoing procedure until this condi- 8.00— 5.66 5,000 
tion is reached. Return the last-minute undersize 5.66— 4.00 2,000 
to the oversize. Weigh final undersize and add it 4.00— 2.00 1,000 
to the wet undersize. CLEAN siInvEe by tapping, 2.00— 1.00 500 
brushing and rubbing with fingers, add material thus 1.00— 0.50 250 
obtained to the oversize and weigh. Repeat sifting 0.50— 0.25 100 
0.25— 0.00 50 


of oversize on successively coarser screens, weighing 
the final oversize in each sieve and obtain the WEIGHT 
OF UNDDRSIZE by difference. This method credits 
the Loss on each screen except the finest to the undersize of that screen, which, in lieu of 
other information, is logical. Wnricur OF FINEST UNDERSIZE is obtained by drying at 110° 
C. and weighing. This material may be further sized, if desired, by BLUTRIATION. The 
sample for elutriation should be rifled down to about 20 gm. and separated by free settling 
in water into several grades. The proposed grades are shown in Table 4. Sizes or 
ELUTRIATED PRODUCTS may be 


Table 4. Settling rates for elutriation, proposed by pitienstedemaodty hie nll toxkd chor, 

Hersam and Gross mined on wet samples by micro- 

scopic measurement (Art. 4). 

Material that | Material that Return microscope samples, dry 

Product settles one does not settle | all products at 110° C., cool 

meter in one meter in and weigh. Whenrifiled samples 

have been used for elutriation, 

limes: tos. wer furan Secherneteheen 3 hr. the weights of products must be 

Finest sand........ 3 hr. 2 hr. 40 min. re-calculated on the basis of the 

Next coarser sand...| 2 hr. 40 min. | 2 hr. 20 min. original fine undersize. 

Next coarser sand...} 2 hr. 20 min. 1 hr. 35 min. A 

Next coarser sand...| 1 hr. 35 min. 50 min. Apart from the excessive 

Next coarser sand... 50 min. 24 min.(a) amount of time required for 

Lee coarser sand. . 24 min, 12 min.(6) this procedure the principal 


a When aperture of finest screen is about 0.05 mm. 


b When aperture of finest screen is about 0.07 mm. 


terial on progressively coarser screens. 


faults are the large sample 
weights recommended and 
the sifting of the dry ma- 


Duplicate screen tests of 10-kg. 


shovel samples of —16-mm. material will check well within the limits of 
- the differences in sifting by two different operators and the same is true of 
samples of —0.12-in. material weighing between 250 and 300 gm. Placing 
coarse oversize on fine screens is equivalent to the use of metal washers, which 
is universally and rightly condemned. 

Elutriation, as applied to ore dressing, is the process of grading finely- 
divided solid matter according to size by washing with water. There are two 
general methods, viz.: (1) by allowing the solids to settle freely in still water 
for varying periods of time, and (2) by subjecting the solids to msing water 
currents of different velocities. 

Decantation is the simplest method of elutriation. 


Take a tall beaker of 300 to 500 cc. capacity, place therein the sample to be sized, which 


——————E—eee 
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should weigh between 10 and 20 gm., fill with water to a predetermined depth, say 10 to 20 
cm., stir thoroughly, then allow the beaker to stand for such a time that this time in seconds 
divided by the depth of water in millimeters will equal a predetermined settling rate corre- 
sponding to the largest-sized 

EH particle desired in the grade. 

The required time may be 
read from Fig. 5, or deter- 
mined by application of 
Stokes’ equation (Sec. 6, Art. 
1). Now pour off the super- 
natant liquid with the non- 
settled solid in suspension, 


ie 
ie 
i 


y, millimeters per second 
HH 
4 
IE 
mS 
HHA 


gat 
Tt 
isnee 


| | 

2 BSHEG al t re-fill to the mark and again 
a Seay] eh al Spee allow to settle for the same 
& H+ eH am Het an ' time. Repeat this until the 

2 t Lar 
2 im I ch appearance of the superna- 
= HEHE EEE ee tant liquid indicates that all 
= t | oo oI of the finest slime has been 
EZ removed. Combine the de- 


Po eee 
001 .002 003 004 005 006 007 008 canted portions, take a sam- 
Average diameter of smallest particle that will fall, millimeters  Ple, while wet, for micro- 
scopic determination of size 
. Ae 4 (Art. 4), then dry at 110°C., 
Fic. 5.—Free-falling velocities of quartz (after Richards). cool and weigh. Re-fill the 
beaker to the mark with 
fresh water, and repeat the above operations, allowing a shorter time for settling corre- 
sponding to the next coarser grade desired, and repeating with this settling time until the 
supernatant liquid, at the end of the period, shows no solid in suspension. Repeat as 
above until the desired number of grades is obtained. If there is ob- 
vious chemical action during the operation, using tap water, e.g., for- 
mation of gelatinous precipitates, distilled water should be used. If this 
does not remedy the trouble, weak solutions of acid or alkali may be 
used, but in such cases the presence of the added chemicals or their g-5 
salts in the dried solid must be recognized. If microscopic sizing of 
the different grades is dispensed with, it must be recognized that there pad 
is considerable overlapping of sizes, due to the fact that not all of the | 
solids start settling from the surface of the liquid in the beaker and that 
some fine particles that start settling from a point below the surface C= 
will reach bottom while coarser particles starting above them are still 
in suspension. Repetition, as directed, lessens this inaccuracy but does 
not eliminate it. d--- 


Volume of 
funnel about 
200 co. 


Still-water settling tube is an improvement on decantation. 


The apparatus (Fig. 6) consists of a glass tube of abcut 1.5-in. uniform 
diameter and 8 ft. long, converging in a 60° cone at the bottom to a 
stopcock with 1.5- to 2-mm. hole and expanded at the top into a funnel f-4 
of about 200 cc. capacity, with 60° apex angle. Calibrate the tube from 
stopcock to base of funnel sufficiently closely that the length at any 
point in the tube corresponding to a given volume withdrawn at the 
stopcock will be known. From this calibration make a table of volumes 
for the required number of successive drafts such that the distance that h--3 
the slowest settling particles are dropped, 7.¢., that the surface originally 
at the base of the funnel drops, at each draft, is the same. Thus in 4 
Fig. 6 if the tube is calibrated for 10 draws, the successive volumes Ose 
drawn should be such that the distance ab, bc, . . . jk, representing 
the successive drops of the surface originally at a, are equal. The oS 
charge of material to be sized, weighing from 20 to 50 gm. should be — ; 
mixed with water to form a volume somewhat less than 200 ec. Place 
a closely-fitting disk of metal or fine screen cloth at the base of the funnel a a 
with a handle extending above the rim. Charge the feed carefully and 
wash in the last with a fine jet. Then, first observing and noting the 
time, remove the disk carefully to prevent the solid from plunging and Fic. 6.—Still- 
allow settlement for a pre-determined time, or for a time dependent upon water settling 
the appearance or amount of material at the stopcock. The tube tube 
should be jarred slightly at intervals to prevent material from cling- ‘ 

Draw off now the volume corresponding to the first 


ing to the sides of the apparatus. 
Make successive draws at inter- 
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equal drop in surface of settling column and set aside. 
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vals determined by the requirements of the analysis, e.g., at equal intervals, or at intervals 
determined by Fig. 5 or by Stokes’ equation to yield predetermined sizes, or at intervals 
which the settling behavior indicates will yield equal weights of solid. When the total vol- 
ume of withdrawals is equal to the original volume of water in the settling column, there will 
remain a volume equal to that of the feed pulp and containing the finest slime. Remove 
this at one draw and class it as of slower settling rate than that of the slowest-settling par- 
ticle in the preceding grade. Sizes of the particles in the different grades may be deter- 
mined by microscopic measurement or may be estimated from the known settling rates. 
Decant clear water from the different grades, dry at 110° C., cool and weigh. 

If / is the total length of settling column, measured from neck of funnel to top of stop- 
cock, N = the total number of draws, and n = the number of any given draw, then the 
average distance Dy, that the particles taken in the nth draw have settled is given by the 
equation D. = 1(2N — 2n + 1)/2N. If ty, = the total time elapsed from the beginning of 
settlement until the end of the nth interval, the average settling velocity Vy of the solids 
collected during the nth interval is given by the equation Vy, = I(2N — 2n + 1)/2Ntn. Tf 
equal time intervals ¢ are taken, this equation become Vy = 1(2N — 2n + 1)/2Nnt. The 
slowest-settling particle in the last grade settles through the distance Dss = 1 — 1/N in the- 
time tz. Its settling velocity is, therefore, Vss = 1(N — 1)/Nty and the most rapidly-settling 
particle in the final draft has a slower velocity, 


Elutriation by rising currents is performed by subjecting the material to 
be graded to rising currents of different velocities and collecting separately the 
material lifted by each current. 


The apparatus shown in Fig. 7 (32 M & M 125) is one of the simplest of these devices. 
As described, it was used merely to separate slime from a sample that was to be subsequently 
screen sized. The procedure was to set the dial cock (f) so 
that the current at the overflow level was sufficient to carry 
over all slime, then to close the rubber tube (g) with a pinch cock, pee) 
charge the weighed sample into (a) and then release the pinch at 
cock. When overflow was clear, the material in (e) and that 
remaining in the tube were collected and sized. The same ap- 
paratus may, however, be used to separate a number of differ- 
ent grades. There are two alternative methods of procedure, 
viz.: (1) To set the current at the lower part of constriction (c) 
to just prevent slime from settling, feed the sample into (a) and 
collect the overflow in a pail or tub. Then raise the current 
slightly, feed back the settled material collected in (e) and again 
collect the overflow, and repeat this procedure until! the desired 
number of grades has been made. (2) Set the current origi- 
nally so that the velocity at the lower part of section (c) will 
permit only the coarsest material to settle. Collect overflow =; 
and settled product. Separate the slime from the sand in the | 
overflow by decantation. Slack off the current slightly, feed 
back the sandy portion of the first overflow and again collect + 
the settled material. Repeat with gradually slower currents ak 
until as many grades as desired have been made. Final prod- ‘s 
ucts will consist of the various settlings and the decanted por- 5 Beers fate. 
tion of the first overflow. This apparatus is adapted to rela- a 
tively coarse grading only. Ss 
Schoene apparatus (Fig. 8) is distinguished by the fact ob 
&} 
re 
¥ 
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that overflow is made through a piezometer, which permits 
ready setting of current velocities, once the piezometer is cali- 
brated to the tube with which it isto be used. In the figure, (a) 
and (6) are sorting tubes of smaller and greater diameter re- 
spectively for coarse and fine sizing. The procedure con- 
sists in first determining the average cross-section of the cylin- 
drical portions of the tubes by weighing the water drawn __ & ed 
through the stopcocks corresponding to the measured length Fi, 7.—Rising-current 
between two marks delimiting the cylindrical section. Know- sizing tube. 

ing the average cross-section from this determination, aver- 

age rising-current velocities can be determined by weighing overflows collected for 
known times. This is done and at the same time the corresponding piezometer read- 
ings are taken and a curve showing average rising velocities in terms of piezometer 
readings plotted. To make a sizing analysis, fill the feed-water tank and maintain 
sufficient inlet so that the tank will overflow throughout the test. Close the stopcock 
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at the lower end of the sorting tube and admit sufficient water from the tank so that the level 
in the sorting tube stands a couple of inches above the stopcock. Make up the weighed 
feed sample into a dilute pulp sufficiently small in volume to less than fill the tube and intro- 
duce this through the funnel. Close the funnel stopcock. Open the water cock slowly until 
the piezometer reading indicates the desired minimum current and continue this current 
until the discharge carries substantially no solids. Set aside the overflow, then increase the 
current and collect another grade and continue until all but the coarsest material is over- 
flowed. Collect this last through the stopcock at the bottom of the sorting tube. Deter- 
mine the size of material in different grades by microscopic methods or estimate from Fig. 5 
or from Stokes’ equation. Stadler (22 [MM 686) points out that, if the specific gravity of 
the material being sized is known, solid weights may be determined by weighing the material 
in a specific-gravity flask, or its equivalent (see Art. 23), thereby saving much time in drying. 

According to Schoene a calibration curve is unnecessary and the velocity V correspond- 


ee 
ing to any piezometer reading 4 may be obtained from the equation V = Vy poe when 
i= 


V; and hy are corresponding values from one observation and ¢ is a factor, determined once 
for all, from the relation ¢c = (Q?hy — Q12h)/(Q?2 — Q1”) 
in which Q and Q; are quantities in cc. per sec. corre- 
sponding to piezometer readings h and hy, respectively 
in cm. 

Multi-tube elutriation. If a series of Schoene 
tubes of the type shown in Fig. 8, of different diam- 
eters, is set up without piezometers, the overflow tube 
of the smallest entering the apex of the next larger, 
and so on, and a charge of solid is placed in the first 
and a current started of sufficient velocity to lift all 
but the coarsest material out of the first tube, then 
if the last tube is of sufficient diameter to overflow 
only the finest slime, there will be collected in the 
successive tubes successively finer grades and the 
entire separation can be done at one operation. This 
is the best type of apparatus for routine tests, but 
lacks flexibility. 


Interpretation of clutriation tests. The 
settling rate of solids in water is dependent 
upon the specific gravity and shape of the 
particles, upon the degree of packing in the 
Fig..8.— Sehdene elutriation. ap- sorting column and upon the uniformity of 

paratus (modified). the sorting current (see Sec. 6, Art. 1). It is 
inevitable that, if the sample sorted contains 
grains of different specific gravities, the grades will contain grains of highly 
divergent sizes, and that, even if all of the material is of the same specific 
gravity, the coarser grades will contain finer grains carried down mechanically 
or by eddy currents, and the finer grades will contain flat scaly particles that 
settle much more slowly than their average ‘‘diameter’’ would indicate. 
Hence the only sure way to determine the average size of grains in a given grade 
is by microscopic measurement. If desired, this measurement may be made 
separately on the heavy and light particles and on the flat and rounded par- 
ticles, and the analysis recast on the basis of these measurements. 

Air elutriation. Pearson and Sligh (7P 48 USBS) review cight forms of 
air analyzers and describe in detail the construction and operation of a form 
developed by the Bureau. 


This consists (Fig: 9) of a vertical cylindrical polished-brass sorting tube (a), 2.7 in. 
inside diameter by 60 in. long with a bulb (6) at the bottom for holding the sample, three 
nozzles (c), 0.04-, 0.09- and 0.13-in. diameter, for varying the velocity of the entering air 
and hence the intensity of agitation in the bulb and the velocity of the rising air current in 
the sorting tube, and a colleetor (d), about 10 in. diameter by 20 in. high, with canton-flannel 
covering, for receiving the various solid fractions while passing the air. Air is supplied at 
constant pressure (ordinarily about 1 lb. per sq. in.) from the reservoir, which is supplied by a 
motor-driven blower and controlled by a blow-off valve and an oil regulator. The latter 
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is a vertical pipe about 4 in. diameter by 5 ft. long, closed at the bottom and nearly filled 
with kerosene. A long glass tube, open at the lower end and connected at the top with the 
reservoir, extends to within a short distance of the bottom of the oil-filled cylinder and the 
back pressure is adjusted by changing the depth of submersion by raising or lowering the 
tube. In operation the blower is run at a speed sufficient to maintain slightly more than 
1 lb. per sq. in. pressure with 
a small amount of blow-off and 
the regulator is then set by 
trial. The sample taken is 
—200-mesh material, weighs 30 
to 50 gm., and is divided into 
four fractions. The flow of air 
in the sorting stack is reason- 
ably constant in velocity and 
uniform across the section; air 
delivery is not retarded by the 
sample, if the nozzle tip is 4 
kept 1 cm. or more above the H =||- 

surface, nor by the back pres- H ; Tapper 
sure of the collector sack. The 
sample must be kept stirred 
up in the bulb, if operation is to 
be satisfactory. The dependent 
factors are air pressure in res- 
ervoir, diameters of nozzle, bulb 
and stack, shape of bulb and 
quantity of sample. Lodgment 
of material in the separating 
stack, which would hinder sepa- 
ration, is guarded against by 
polishing all interior surfaces, 
beveling the upper rim of the i 
stack to a knife edge, tapping Fra. 9.—Air analyzer, Bureau of Standards. 

the stack continually during 

operation with an electric tapper, and so designing the collector that material once therein 
cannot again enter the sorting tube. 

Operation is as follows: (1) With the nozzle that is to be used for the finest separation 
connected to the reservoir, but not in place in the bulb, start the blower and adjust the speed, 
blow-off and oil regulator for a constant pressure of very slightly more than 1 lb. per sq. in. 
with the regulator blowing off a slight amount of excess air. Disconnect the nozzle, insert it 
in the bulb and weigh the two to the nearest 0.01 gm. Add the sample to the bulb (33.33 
gm. if the 0.04-in. nozzle is to be used for the finest separation, otherwise 50 gm.), attach to 
the stack, start the tapper and connect the air tube. Continue elutriation until the loss 
per unit of time is at the rate of some pre-determined amount (Pearson and Sligh have 
adopted 0.02 gm. per min.). The end point is determined by stopping blowing some 15 or 
20 min. before the estimated time of completion, allowing 30 sec. to 1 min. for material to 
settle from the stack, then weighing the bulb and contents. Continue blowing 10 min. and 
again weigh. Repeat until the 10-min. loss is less than 0.2 gm. Interpolate for the weight 
at the minute when the loss was at the rate of 0.02 gm. per min. Repeat with 0.09-in. and 
0.13-in. nozzles. 

Actual sizes of the various grades for a given apparatus and material must be determined 
by microscopic measurement, but once determined the sizes are reasonably constant for 
other samples of the same material in the same apparatus. With cement, experiment shows 
that the average diameter reckoned as D = Vv bil, where b, J and ¢ are the arithmetical 
means of a number of determinations of breadth, length, and thickness, respectively, of 
grains, checks very closely with the mean of b for both the air-elutriated grades and the 
material on 100- and 200-mesh sieves. Results of one determination are shown in Table 5. 

Shape of bulb is not important except in so far as it determines the amount of material 
that can be treated with the minimum air stream. Diameter of nozzles need be neither 
accurately specified nor determined. Diameter of stack should be the least that is consistent 
with the finest separation, 7.¢., the least that will give sufficiently low air velocity in the stack 
when the material in the bulb is properly permeated. At this, the agitation in the bulb 
when sufficient air is rising in the stack for the coarsest separation will be great. Length of 
stack has been tested over the range from 5 to 8 ft. and results with the short stack shown 
to be reasonably concordant with those of the long stack. , Abrasion is negligible under con- 
ditions of minimum stack diameter. Atmospheric conditions have inconsiderable effects, 


ee 
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Small variations in pressure (less than 10 per cent. range) may be neglected. Size of sample 
may range between 25 and 50 gm. without noticeable effect on results. 


Table 5. Comparison of average diameter with mean breadth of air-elutriated and 
screened particles. (After Pearson and Sligh) 


Mean Average 
Grade breadth, diameter, 
b, inch vVibt, inch 


Rising with 0.04-in. nozzle......... 0.00062 0.00066 
Rising with 0.09-in. nozzle......... 0.00130 0.00129 
Rising with 0.13-in--nozzle......... 0.00181 0.00178 
Not rising with 0.13-in. nozzle but 

passing 200-mesh sieve.......... 0.00368 0.00371 
Passing 100-mesh, retained on 200- 

PORES IME sudbos Potereaeis <seile, © oiiaye pene yas ics 0.00703 0.00690 


3. Testing with the microscope 


The microscope is used in ore testing (1) to aid in mineral and rock identi- 
fication and classification; (2) to aid in the study of mineral occurrence and 
the ore characteristics upon which the treatment scheme depends; (3) in 
quantitative mineralogical analysis; (4) in sizing analysis. Until the present 
time adoption of this tool in testing laboratories has been very slow and much 
time and money have been and still are wasted in work that could have been 
more quickly done with the microscope or which microscopic examination would 
have shown to be useless. 

Microscopic mineralogy and petrography are familiar tools to the geologist 
and the literature is excellent and large. The principal apparatus required is a 
petrographic microscope. Samples for examination are prepared either in the 
form of thin sections or pulverized fragments. Detailed description of methods 
of study and interpretation of thin sections are given by Johannsen; L. M. 
Luquer, Minerals in rock sections, Van Nostrand, 1918; Winchell, N. H. and 
A. N., Elements of optical mineralogy, Van Nostranz, 1909; the study of 
pulverized fragments is best described by Magers. 

Mineragraphy is the study of opaque minerals, including native metals, 
most sulphides, certain base metals, oxides and the like, by means of the 
metallographic microscope. ‘The methods include study of polished sections 
by reflected light, etching and various microchemical tests, hardness tests, etc. 
The methods are much more effective in identification of opaque minerals 
than either of the ordinary petrographic methods above mentioned. 

Bibliography. Murdock, Jas. The microscopical determination of the opaque minerals; 
John Wiley and Sons, i916. Davy and Farnham, Microscopic examination of the ore 
minerals, McGraw Hill, 1920. Chamot, E., Elementary chemical microscopy, John Wiley 
& Sons, 1921. Fairbanks, E. E., Microchemical analysis and its application in the deter- 
mination of low-grade ores; Rep. of Investigations, U. S. Bur. of Mines, Serial No. 2613, 
Whitehead, W. L., Notes on the technique of mineragraphy, 12 Econ. Geol. 698. Ray, J. C., 


The repecting microscope in mining geology and metallurgy, 108 P 922. Further books and 
papers are named in the last two articles, 


Of even greater importance to the ore tester than identification and the 
information concerning ore genesis afforded by mineragraphical work is the 
information that the polished section gives as to particle size and method of 
occurrence of the valuable mineral. ‘The first fact can be established with 
coarse-grained ores by means of a sizing-sorting-assay test (Art. 7) and with 
such ores the second is not of much importance, but with finely disseminated 
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and complex ores the polished section quickly gives essential information that 
can be obtained in no other way. Determination of grain size will tell the 
size to which the ore must be crushed to free the valuable mineral and upon 
this fact and the kind of mineral and gangue, the principal elements of a ten- 
tative flow-sheet can be immediately founded. The appearance of the edges 
of the sulphide-mineral grains and of cracks traversing them will tell whether 
any alteration that would be likely to affect flotation has occurred. Inclusions 
of worthless or deleterious substances that would lower the grade of concen- 
trate, such as silicates between the laminz of graphite grains, blende in galena 
and the like, are immediately apparent in a polished section. The degree of 
admixture of sulphides in complex ores can be studied readily and in many 
cases one or two properly chosen sections are sufficient to tell the hopelessness 
of any attempt at separation by mechanical methods. Thus much time and 
money can frequently be saved and no test of any ore should proceed beyond 
the preliminary assay stage without such microscopic examination. 
Quantitative mineralogical analysis is useful primarily in study of the 
products of a concentrating operation. The first step is identification of the 
important minerals and mineral groups. The analytical work is done with low 
magnification since identification of the valuable mineral, the accompanying 
heavy mineral or minerals, and the gangue minerals as a group is easy. Fail- 
ing this, however, analysis must be preceded by identification, and for this 
work Rogers’ crushed-fragment method with the petrographic microscope is 


best. 


Apparatus: Low-power microscope, preferably binocular type, so mounted as to permit 
ready relative movement of stage and objectives. The stage should be ruled in squares 
about 10 mm. on a side and the microscope should have an eye-piece net micrometer with 
one of the squares subdivided. Zeiss and Bausch and Lomb both make binocular micro- 
scopes for ore-dressing work having magnification up to 20 diameters, fitted with racking 
mechanism in two directions at right-angles, and provided with net-ruled glass stage and 
eye-piece micrometer. For greater magnification a metallurgical binocular with 25- and 
55-mm. objectives and 6 X and 10 X ocularsisasuitable instrument. This instrument, which 
is obtainable from any microscope house, is not usually fitted with racking stage, and the 
sample, mounted on a suitably ruled slide, must be moved manually to change the field. 
This can, however, be done readily with a little practice. 

Procedure consists in close and accurate sizing of the sample and a mineral count of a 
sufficient number of fields of each grade to establish a reliable number percentage. Sizing 
should be done by first washing out the slime through the finest screen, then drying and 
screening the oversize and, if necessary, grading the undersize by elutriation. Washing 
through the finest screen may be done with a soap or saponin solution, which prevents skin 
flotation and the formation of floccules that will not pass the screen and also lessens the sur- 
face tension of the liquid films that form across the screen apertures and thus aids the pas- 
sage of undersize. 

Coarser grades can be transferred to and distributed on the slide by means of a small 
spatula. The layer should be only one grain deep and if the grains are spaced at least one 
diameter, which may usually be accomplished by tapping the slide, counting will be made 
much easier. Finer grades are best transferred to the slide by shaking them on through a 
suitable fine screen. If, as is rarely the case, the analysis must be carried down into very 
fine water-separated grades, the methods of mounting employed in microscopic sizing 
analysis should be used. 

Sampling of the grades to obtain a representative lot for counting is one of the most 
difficult and unsatisfactory parts of the whole procedure. The most accurate cutting down 
can be effected on the unsized sample, but if this is made too small, inaccuracies and losses 
in sizing become proportionately great. It is probably best to set 25 gm. as the lower limit 
of sereen-sample size and to approach this for samples containing 0.5-mm. maximum grains 
and finer and run up to 50 to 75 gm. for samples up to 1.5-mm. size. For material coarser 
than this the method becomes distinctly inaccurate. 

Irrespective of the size of sample taken for screen analysis, the bulk of most of the grades 
will be too great to permit mounting of the entire grade on one or even on several slides, and 
it is necessary to sample the individual grades. Probably the best method of doing this is 
as follows: Pour the sample through a small-necked funnel on to a glass plate, so as to form 
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a cone-shaped heap; flatten out the heap with a small spatula to make a circular cake, 
taking care that so far as possible all particles that move are displaced radially outward; 
divide the heap into quarters by first making a diametral cut with the edge of the spatula 
and pushing one-half with the spatula face a distance of about one inch in a direction at 
right angles to the first cut, then split each half into two equal parts by cuts along the radii 
at right-angles to the initial cut; finally reject opposite quarters, combine the remainder 
and repeat, if necessary, until a sample is obtained that will give the required layer one grain 
deep on the slide. 

Counting should proceed systematically. In the largest sizes, with a few particles only in 
each square, it is best to count all of the grains in the ruled field; in the intermediate sizes only 
the grains in selected squares need be counted, the squares selected being regularly spaced 
to cover the ruled field and the number counted being proportioned to the size of grain, so 
that each size shall be analyzed with substantially the same degree of accuracy. Applica- 
tion of this criterion requires experience and judgment on the part of the analyst. The 
factors involved are: degree of uniformity of distribution of the different kinds of grains in 
the field, degree of uniformity in size of particles, amount of composite material (middling 
grains), relation of the weight of one particle to the weight of material in one square and in 
the whole field, relation of the weight of material in the field to the weight of the grade, and 
relation of the weight of the grade to the weight of original unsized sample. In the finest 
size the squares counted are the smallest in the micrometer net and one or several of the 
squares in this net should be counted from each selected square on the stage net, according 
to the above criteria. Some analysts recommend counting all or selected squares along one 
or both diagonals of the net, thus substantially cutting sections through the center of the 
field; others choose squares equally spaced in both directions covering the entire area. 
In no case should random selection or selection involving judgment on the part of the 
operator be permitted. 

In counting the grains in any square it is best to carry through and record the count on 
each kind of grain separately. If one kind of grain breaks in such a fashion that its volume 
is consistently different from that of the grains of the other minerals in the grade, this fact 
should be noted and the relative volume established or approximated. In counting grains 
that are composites of the varieties sought to be separately reported, the relative volumes of 
the constituents must be estimated and if, as is usually the case, the relative proportions 
vary in different grains, the count should be classified on the basis of this proportion. Four 
classes are enough in any case, viz.: less than 25 per cent., 25 to 50 per cent., 50 to 75 per 
cent., and more than 75 per cent. Grains containing traces of, say, sulphide should be 
classed as tailing and those containing traces of gangue as concentrate. For most purposes 
three or even two classes are sufficient. 


It should be borne in mind in microscopic estimation that the aspect pre- 
sented to the eye is a surface aspect while relative 
volume is the figure sought, and the visual impression 
must, therefore, be suitably weighted in recording the 
percentage estimate. Thus Coghill and Bonardi (see 
below), analyzing a molybdenite flotation concentrate 


7) containing pyrite and silica, weighted FeS2 and the MoS, 
cpvnuratt locked in middling at two, compared to one for silica, 
a sie basing the rating on the relative specific gravities, but 
anaes the free MoS2 was rated at one on account of its flaky 
(Solid blach = MoS, character and the fact that the free flakes lay flat. 
Cronies wanton) Their microscopic analysis, thus weighted, showed 41.4 


per cent. MoS: against 38.2 per cent. by chemical assay. 
Fig. 10 shows one of the fields counted, sketched by 
means of a camera lucida. This sketch, showing that 
most of the silica in this particular concentrate was in 
the form of middling, pointed the obvious conclusion 
that the proper method to raise the grade of concentrate was to grind finer. 


Time for a test will range from 8 to 8 hr. according to the size of sample and the number 
of minerals counted. 

Bibliography: Thomas and Apgar, Approximate determination of minerals in concen- 
trates by means of the microscope, 18 CME 514. Clayton, C. Y., The microscope in ore 
dressing, 19 CME 61. Wynes, D. P., Degree of crushing to free economic minerals, 110 
P 994. Coghill and Bonardi, Approximate quantitative microscopy of Diulgorided® Wek 
TP 211, USBM. Examination of ores and ore-dressing products, 105 CME 728. : 


Fia. 10.—Sketch of 
molybdenite flotation. 
concentrate (after 
Coghill and Bonardi). 
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4. Microscopic sizing analysis 


Sizing by screens below 200-mesh (0.074-mm.) is highly inaccurate, both 
on account of the inaccuracy in screen manufacture and because of the great 
difficulty in getting material through the screen. Elutriation and air classi- 
fication alone are similarly undependable because of difference in settling rates 
induced by differences in shape and specific gravity of particles. Microscopic 
sizing has been highly developed in recent years to supplement or supplant 
the settling methods. With proper equipment and good technique microscopic 
sizing can be carried down to less than one micron (1 micron = 0.001 mm.) and 
the average size of excessively fine products stated with a precision of one- or 
two-tenths micron. 


Green (Jour. Frank. Inst., Nov., 1921) predicts that precision will shortly be increased to 
hundredths or even thousandths of a micron. Such fine sizing is not necessary in concen- 
tration but is of importance in many commercial grinding operations. 

Apparatus. The principal piece of equipment required is a monocular microscope with 
16-, 8-, 4- and 1.9- or 2-mm. objectives. A petrographic microscope has the advantage that 
by the use of crossed nicols floecules in the field may be identified. Necessary accessories 
are indicated in the following descriptions of methods. 


Direct measurement. Weigel (TP 296, USBM) describes two methods. 
In one, the —200-mesh material was elutriated into five fractions and each 
one was measured separately; in the other, a representative sample of the 
whole —200-mesh material was measured. Microscopic work was the same 
in both cases. 


Preparation of slides. Slides should be about 50 X75 mm. Dilute the sample in a 
test-tube with distilled water until it appears cloudy or very slightly milky on shaking. A 
drop or two of ammonia aids dispersion with clays. Pour off until the tube is about one- 
third full, agitate by blowing through a pipette then quickly transfer a few drops to the slide, 
covering an area about 20 mm. diameter. Dry in an air batbat 105°C. Particles should be 
spaced with little or no overlapping and no flocculation. New slides should be prepared 
until this condition obtains. The slide may be used uncovered for work with 4-mm. and 
longer objectives and these should, therefore, be objectives corrected for use without a cover 
glass. For the finest material (1 micron or less) an oil-immersion lens must be used and the 
slide must be mounted with a cover glass. Glycerine (index ref. = 1.47) is satisfactory for 
most non-metallic minerals. Methylene iodide (ref. index = 1.74) is used for clays and 
tales, if necessary, but it produces diffraction rings. To mount, place a drop of the mount- 
ing liquid on the center of the dried sample, drop the cover (35 & 50 mm.) into place and 
work it down with slight pressure and a rotary motion. Remove excess liquid with a filter 
or blotting paper, then run a ring of melted paraffin around the edge, using a fine camel’s- 
hair brush. An excess of mounting liquid may result in washing fine material from under 
the edges of the cover and ruining the slide. 

Measuring. Use a micrometer disk in the ocular, ruled with 6 to 8 squares on a side 
of the inscribed square of the field and with one of the larger squares subdivided. The size 
of most particles can be estimated from the large open squares, but the subdivided square 
can be used, if necessary, to measure the smallest particles. Particles in outer squares are 
distorted at high magnifications, hence use only the inner squares. Determine the undis- 
torted area for each objective by calibration with a stage micrometer. Set the sample 
slide so that the ficld is in one corner. Have the microscope fitted with lowest-power object- 
ive. Search the field for the largest particle, estimate the mean of the two principal dimen- 
sions exposed to the nearest 5 microns, then, beginning at one corner of the inner (undis- 
torted) square work over all squares in order, counting and recording the number of paa- 
ticles within this range. Repeat this process with successive fields until the whole slide 
is worked over, making as many counts as seem necessary to obtain a fair average 
of the grains per field. Repeat with the higher-powered objectives, narrowing the range of 
sizes each time, and counting fewer squares per field but the same number of fields as with 
the first objective. The range of the 16-mm. objective with 10 X ocular (100 diam.) is, con- 
veniently, down to 30 microns, the 8-mm. objective (200 diam.) from 30 to 10 microns, the 
4-mm. (430 diam.) from 10 to 1 micron. and the 1.9-mm. oil-immersion lens (950 diam.) for 
finer than 1 micron. Check on the relation of counts with different objectives was obtained 
by Weigel by re-counting the smaller size with one objective with the next higher power and 
reducing the results to equivalent areas. Highty fields were counted with the 16-mm. 
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objective, 40 with the 8-mm. and 20 each with the 4-mm. and 1.9-mm. The more uniform 
in size the material counted the smaller the number of fields necessary. 

Procedure in count of total sample is the same, except that more fields and more squares 
per field must be counted on each slide, yet the total microscopic work is less than when 
elutriation is practiced. The time for a total-sample measurement, including calculation 
was 5to6 hours. An elutriation test requires about 3 days and the count and calculation 
one day more. Less skill and experience are needed for the elutriation test. 


Indirect measurement is described by Green (loc. cit.) and is adapted to 
very fine materials of greater uniformity than the non-metallic natural fillers 
measured by Weigel. The method involves making a slide, photographing 
one or more fields, projecting the negative on a screen and measuring and 
counting the grains thereon, 


Mounting. Place about one mg. of the material on the center of a slide and cover with a 
drop of re-distilled turpentine. Rub out with a straight, smooth glass rod, stroking length- 
wise of the slide. Continue rubbing until the mixture is thick enough to prevent particles 
from floating and flocculating but thin enough not to streak, then stop with a slight lift on 
the last stroke to leave a wedge-shaped deposit on the slide and yield fields of different inten- 
sities from which to choose the one for photographing. Evaporate the turpentine com- 
pletely on a hot plate at a temperature that completes the drying in 40 to 50 sec. Mount 
with glycerine as described by Weigel (p. 1195). 

Photograph with transmitted light that is absolutely axial. Fine-grained contrast plates 
and hydroquinone developer are easiest to handle but panchromatic plates and pyro 
developer give better detail. The important point in the photography is sharp definition 
of particle edges. The negative should show 200 to 250 particles. 

Measurement. Project on a screen so that the total magnification is 20,000 to 25,000 
diam., measure with a millimeter rule to the nearest whole millimeter and record. Tig. 11 
shows a form of record calculation. 
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Fic. 11.—Record of count of microphotograph (after Green). 
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5. Average size of particles 


Mineral particles produced by crushing and grinding show an almost 
infinite variety of shape and size. No simple and accurate numerical expres- 
sion of the dimensions of a single particle nor of the average dimensions of a 
group is possible; the best that can be done in any case is an approximation 
which is ordinarily expressed as a single number, as though the particles were 
spheres or cubes. This number is called the praMETER or size of an indi- 
vidual particle or the AVERAGE DIAMETER Or AVERAGE SIZE of a group of par- 
ticles. 

Diameter of a particle. The fundamental assumption of particle measure- 
ment is that it has three principal axes at right angles and that its dimensions 
are completely stated when the distances between the intercepts of the sur- 
face on the respective axes are given. Starting with this assumption, which is, 
on its face, only a crude approximation except in the case of materials with 
cubical cleavage, averaging of the three principal dimensions into a single 
figure is attempted by one of several different methods, as follows: 


1+ b 
G=—6,. . th —hb/s. .. (1) dey. eS ae) 
l+b+t ~ 
ee, CP eo SS 
3 
— V2ib + 2bt + lt 
eee Whe rs ny, Og ce a Ee 6) 
3lbt 
Be 7 
: lb + lt + bt’ (7) 
where d = “‘diameter’”’ and J, b and t¢ are respectively the distances between 


the intercepts of the surface on the long, intermediate and short axes, or, in 
common parlance, length, breadth and thickness of the particle. The sig- 
nificance of the first five approximations is immediately apparent; the sixth 
gives the edge of a cube whose total surface is equal to the total surface of a 
rectangular parallelopiped, the dimensions of which are equal to the principal 
dimensions of the particle. The seventh is the harmonic mean of the dimen- 
sions. Green (loc. cit.) develops the fact that this harmonic mean is a factor 
in the expression for the SPECIFIC SURFACE of a mass of particles, 7.e., the total 
surface per unit weight of the material. Thus, fora mass of spherical or cubical 
particles of the same size, S = 6/pu, where S = specific surface, p = spe- 
cific gravity and » = the diameter. But S = Ns, where N = the number of 
particles per unit weight and s = the surface of each particle, whence, if the 
particles are taken as rectangular parallelopipeds, S = (1/ plbt) (2( lb + lt + bt)) 
= 2(ib + lt + bt)/plbt, and, by substitution in the first equation, « = 3lbi/ 
(Ib + It + dt). et 
Which one of equations (1) to (6) is to be used in any given determination 
of particle size depends upon the method of measurement and the predilection 
of the experimenter. When screens are used the first assumption is adopted 
perforce. When elutriation is employed without subsequent microscopic 
measurement of the fractions the fifth assumption is necessarily involved. 
When individual particles are actually measured, any one of the seven assump- 
tions may be employed, but the second and fourth are the ones most commonly 
used. The sixth is no more accurate than the fifth and involves much more 
computation, while the seventh requires so much measurement and calcula- 
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tion, if a large number of particles is to be measured, as to be substantially 
impracticable. 

Average diameter is calculated by some method of averaging the mean or 
equivalent diameters of a number of particles. Perrott and Kinney (The 
meaning and microscopic measurement of average particle size; 6 Jour. Am. 
Ceramic Soc. 417) give the following summary of suggested methods: 


d 
1. Arithmetical mean = oS. 
2. Geometrical mean. D = V dids. 
: dy — dz 
Al x pada Ease? in 
3. Laschinger’s mean D EN nhs 
3 1 (7 o)(d,2 2 
4. Mellor’s mean Dis Vi Z2 fue ut cf 
4 dy? = d,® 
5. Mean of form ) Dr (4) . 
6. Von Reytt’s mean D = 0.435(d, + de) 
7. Number mean D= eee 
=n 
2 
8. Length mean Des ne : 
=nd 
rnd 
9. f Bs 
Surface mean D Snd® 
10. Volume mean Die pil 
2nd 
To these should be added 
ll. Freee ie ae 
=n 
3s ates 
12. Fae em 
pay 


where D is the mean diameter, d; and d; are the maximum and minimum mean 
particle diameters, respectively; d represents the successive mean particle 
diameters in a sizing operation, and n the numerical frequency of the corre- 
sponding d. 

Formulas 1 to 5 inclusive are based on the assumption of an even grada- 
tion in size from maximum to minimum and necessarily also on an equal 
number of particles in each size group, or else they disregard the effect of fre- 
quency of occurrence of particles of the different sizes. Formula 6 is clearly 
an approximation to formula 1. Formulas 7 to 10 consider and weight the 
intermediate sizes on the bases, respectively, of (2) number of particles in the 
successive grades; (6) total length of mean diameters in these grades, 7.¢ 
number of particles in a grade X mean particle diameter; (c) total surface, 
e.g.. number of particles in the grades X mean particle diameter squared: 
(d) and total volume, %.e., number of particles X mean particle yolume, 
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Equation 7 has the physical significance that if the particles under investiga- 
tion were laid side-by-side in a line and the length of the line were divided by 
the number of particles the quotient would be the number D. If the area 
covered by these particles were divided by the length of the line, the quotient 
would be the value D given in equation 8. On this base, the average height 
of a parallelopipedon equal in volume to the total volume of =n particles is 
the D of equation 9. Formula 10 is the equivalent of D = Swd/Zw where 
w = percentage weights of the different grades and the other letters have the 
significance already assigned. This is the formula commonly used when 
sizing is done by screens, sedimentation or elutriation, and when the amounts of 
the various grades are determined by weight. Formula 11 gives the edge of 
a cube whose surface multiplied by the total number of particles in a given 
mass of particles is equal to the total surface of the mass, if the particles are 
taken as cubes. Formula 12 gives the edge of a cube whose volume multi- 
plied by the total number of particles is equal to the total volume of the par- 
ticles sized, considered as cubes. ~ 

Comparison of methods. Perrott and Kinney (loc. cit.) give the micro- 
scopic sizing analysis shown in Table 6. Comparison of the average diam- 


Table 6. Comparison of methods of calculating average diameter 


Microscopic analysis 


Diameter, microns (d) ... 60 50 40 30 20 10 5 2 
Number of particles (n)..| 87 | 100 | 156 | 660 | 1750 | 6200 | 25,600 | 155,000 
Percentages 

x. Se Ree A 50 0 m8 0°05) “0205/7 OT 013] OOS 8.3]. 13.5 81.8 
nm 

TES SI A ete a On Oa OSS Stat — ode OME 93.7 53.2 
Dnd 

EGO ee ae Oe 7.8 | 623 P8623 | 14.94] 17.5 1 1535); 16.4 15.6 
Dnd2 

BE NR ek hie iso PRE 22.4 |14.9| 11.9 | 21.21 16.7] 7.4] 3.8 es 
Znds i: 


AvreRAGE DIAMETER ; 
Formula Microns 
31 


1. D = (a) + d2)/2 = (60 + 2)/2 = 
2. D = Vdd, = V/60 X 2 ST 
3. D = (di — d2)/(logeds — loged2) = (60 — 2)/(2.308/1.7782 — 0.3010.) = = ‘17.0 
4. D = W(d + dy) (d2 + dg2)/4 = ~/ (GO + 2) (3600 + 4)/4 = 38.2 
5. D = 4(d\> — dz5)/5(dy+ — da’) = 4(605 — 2°) /5(604 — 24) = 48 
6. D = 0.435(d; + de) = 0.435(60 + 2) aor 
7. D = Ynd/En = (0.05 X 60 + ... 81.8 X 2)/100 =f, 38,0 
8, D = End2/znd = (0.9 X 60 + ... 53.2 X 2)/100 Raping 
9. D = Ynd3/End2 = (7.8 X 60 + ... 15.6 X 2)/100 = 21.0 
10. D = Endt/End3 = (22.4 X 60 +... 1.5 X 2)/100 = 136.4 
11. D = VEnd2/En = V (87X 602 +... 155,000 X 2%)/(87 +... 155,000) = 4.6 
12. D = Wznd3/zn = V (87 X 60° + ... 155,000 X 23)/(87 +... 155,000) = 7.6 


eters calculated by the different formulas points clearly the uncertainty of 
meaning of this term and the necessity for stating the method of calculation 
when giving a numerical result. The result by formulas 1 to 6 incl. is not 
affected in any way by the amounts in any of the grades. These formulas 
will, therefore, each give the same result for any mass of grains of mixed sizes, 
irrespective of the size composition of the mass, if, only, the largest and smallest 


particles are in every case of the same sizes. This fact condemns these for- 
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mulas for anything but the crudest kind of work. Formulas 9 and 10 place 
too much weight on the coarser sizes and both they and No. 8 give results that 
have no real meaning in terms of the diameter of ideal particles which could 
be substituted for the actual particles. On the other hand, No. 9 is useful 
when specific surface is important. Results by formulas 7, 11 and 12 have 
the meanings already developed. Which of the three should be used in 
any given case is a matter of individual preference, since it is impossible 
to choose scientifically. No. 7 gives the easiest calculations and the physical 
significance is most readily visualized. It weights the finest particles most 
heavily and, therefore, gives an average that leans toward the fine end. No. 
12 weights the coarsest particles most heavily and consequently the result 
leans toward the coarse end. No. 11 is intermediate between the other two 
and would, on, that score alone, seem to be preferable. It is distinctly to be 
preferred when surface is the valuable property of the material. 

Uniformity. The complete information regarding the texture of a mass of 
broken material is not expressed by the average size. Thus in Fig, 12 curves 


0 —————+ 
100" 20" 80's “70. 60 50) 40 130° "20% 10) 0 
Size 


Fie. 12.—Plots of three products showing the same average size D = Dwd/=Zw. 


(a), (b) and (c) represent three possible sizing tests which indicate the same 
average size of material, but (c), on account of the coarse material present, 
will appear coarser than either of the other two while (a) on account of the 
lack of fines, may appear coarser than b. Green (loc. cit.) gives the following 
equation from statistical mathematics for expressing the degree of uniformity 


as a coefficient, U = Ar} where Ax is the difference between two 


220 
successive values on the X-axis (size-axis), made equal to unity for conven- 
ience in calculation; » is the total number of particles measured, and v is the 
difference in units of length between the measured diameter of a given par- 
ticle or group of particles of substantially the same size and the average diam- 
eter of the whole number of particles 7. 


: Thus in Table 7, columns 1 and 2 represent the results of a particle count on aslide ata mag- 
nification of 20,000 diameters. Average particle size as measured at 20,000 magnification is 


n 276 


and D = 0.522 micron. Column 4 gives deviations, in millimeters, at 20,000 magnifica- 
tion, between the diameters of the particles in the corresponding size groups and the mean 
diameter (7.e., 10.44 less the number in Column 1). Column 5 gives the squares of the 
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numbers in Column 4 and Column 6 the prod- 
uct of columns 2 and 5. The total of Column 
6is Zv2 of the formula. The total of column 
2isn. 

a 276 

5S) Hence U= nye = 0. ; 

5 Average size-1044mm. 2(1449) bay 

= (=20000) 

By hl Fa The uniformity coefficient ranges be- 

tween QO, representing complete lack of 


uniformity, or no two particles of the 
same size, and o, which indicates all 
particles of the same size. The signifi- 
cance of the number 0.309, given above, 


0 5 10 5 2 2 30 is indicated by Fig. 13, which is a fre- 
Particle size x 20000, mm. quency plot of the data given in Table 7. 
Fic. 13.—Frequency plot of data 
in Table 7. 
Table 7. Microscopic sizing analysis 
Col. 1 Col. 2 Col. 3 Col. 4 Col; 5 Col. 6 
Diameter, Senay cf nd au Bnd _ d ” nd 
mm., d Total = En(a) Total = End En Total = Dv? 
6 8 48 4.44 NO Real 157.68 
vi 6 42 3.44 1183 | 70.98 
8 19 152 2.44 5.95 113.05 
9 53 A477 1.44 PARE 109.71 
10 82 820 0.44 0.19 15.58 
iil 46 506 0.56 0.31 14.26 
12 34 408 1756 2.43 82.62 
13 12 156 2.56 6.55 78.60 
14 5 70 3.56 12.67 63.35 
15 2 30 4.56 20.79 41.58 
16 2 32 5.56 30.91 30.90 
17 1 17 6.56 43.08 43.03 
18 1 18 7.56 Or tLe 57.15 
19 1 19 8.56 MOR 20 (327 
20 t 20 9.56 91.39 91.39 
21 i 21 10.56 112.40 112.40 
22 Bi 22 1.56 134.60 134.60 
23 1 2a 12.56 158.80 158.80 
Totals 276 PSY Sau | Weal pace came sas ecanes casi hoe a ope ch a noecs oa 1449 


a Frequency. 


6. Plotting sizing tests 


Sizing tests are most easily compared and their significance, frequently, 
most readily understood from graphical representation. A number of differ- 
ent methods of plotting are shown in Fig. 14. 

Direct plot is shown by curve 1. It has the advantage of familiarity but the disad- 


vantage that the fine sizes are so crowded as to lose substantially all of their significance. 
Cumulative direct plot is shown by curve 2. This curve reads directly at any point the 
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~ 


total oversize and undersize of a screen of given aperture, but has the same disadvantage of 
crowding in the fine sizes as the first curve. 

Direct-logarithmic plot is illustrated by curve 3. Weights are plotted directly as ordi- 
nates, while the abscissas are the logarithms of the screen apertures. With sereens whose 
apertures increase according to a constant ratio the logarithms of the apertures increase by a 
constant, hence the points corresponding to successive apertures are equally spaced along 
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Fie. 14.—Methods of plotting sizing tests. 


the horizontal axis of the plot. The curve necessarily terminates with the oversize of the 
finest screen because of lack of knowledge of the size of the finer material and the fact that 
the logarithm of zero is infinity. Comparing curves 1 and 3, it is to be seen that the latter 
ee out the fine part of the curve and compresses the coarse and that it is much easier 
o read. 

Cumulative-logarithmic plot is shown in curve 4. This has the advantages of both 
eee and cumulative plots and is probably the most convenient for all ordinary pres- 
entations. 
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Percentage-aperture plot, curve 5, is particularly useful in comparing screen tests of 
products in different size ranges, as, for instance, the discharges of a jaw crusher and a ball 
mill. It reduces both ordinates and abscissas to the same scale and all curves have common 
end points. 

Reciprocal plot, curve 6, reverses the crowding of the direct plot, and is useful to spread 
out the points when the amounts of fine material are small and of large material great, as in 
the case plotted. In the reverse condition, the curve becomes very crowded in the coarse 
end. This curve (and any of the other cumulative curves) may be turned over by making 


| the ordinates percentages through rather than percentages on the particular screens. Gates 


adopts the reciprocal plot in estimating crushing efficiency. (See Sec. 4, Art. 27.) 


Frequency curves are plots in which, ordinarily, the number of particles of 
a given size, or. some function thereof, is plotted against the size itself or a 
function. The simplest form is that of number against size (Fig. 13). Martin, 
Blyth and Tongue (Researches on the theory of fine grinding, Part I, British 
Portland Cement Research Association, Pamphlet No. 4, 1924), plot increase 
in number of particles per unit increase in diameter (6N/6X) against diameter 
(z). In this curve any ordinate represents the rate of increase in number 
of particles at the corresponding value of particle diameter and the area 
between the curve, the X-axis and any two adjacent ordinates is numerically 
equal to the number of particles between the corresponding diameters, 
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Fic. 15,—Multiple-scale plot. 


Multiple-scale plot (Fig. 15) was suggested by Randall (57 A 481) to enable ready 
interpretation of screen tests by users of different testing sieves. Otherwise it is the usual 


cumulative-logarithmic plot. 


Callow method for graphical representation of screen analyses and sizing- 
assay tests is shown in Figs. 16 and 17. (92 J 884.) Fig. 16 shows in block 
(1) ascreen analysis of the product of a Dodge crusher; in block (2) the product 
of two sets of rolls taking the material plotted in (1); and (3) shows the product 
of a Chilean mill fed with the roll discharge. The dotted rectangles in block (2) 
represent the coarse material that was contained in the roll feed which has 
been broken, and the dot-hatched rectangles in block (2) represent additions 
to the line-hatched rectangles of block (1). Similarly the open rectangles in 
block (3) represent coarse sizes in block (2) that have disappeared, and the 
cross-hatching represent fines produced from this material. This is an excel- 
lent picture, simple to construct. Fig. 17 pictures the products and perform- 
ance of an hydraulic classifier showing both distribution of sizes and of valu- 
able content. This likewise presents clearly data hard to comprehend from 
an array of figures. Presentation of results of sizing-assay tests is shown in 
Tables 8 and 9 and Fig. 17. 


See. 22. 
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7. Sizing-sorting-assay test 


A sizing-sorting-assay test affords an excellent basis for estimate of the 
recovery that it is possible to make on an ore and of the flow-sheet needed for 
treatment. 

Procedure consists in making a sizing test of a sample ground to approximately the size 
at which clean mineral or clean tailing can be made, separating each of the grades by appro- 
priate means into concentrate, middling and tailing, and weighing and assaying the several 
products. Hand picking can be used for separation down to the oversize on a 1-mm. screen 
and panning on the finer sizes, or, if the bulk of the finer sizes is large enough, they may be 
combined into a sample for a flotation test. Table 9 shows the results of a test thus run and 
the method of calculation. 

Interpretation. Neglecting.the middling, or, what amounts to the equivalent, assuming 
that if it were re-ground and put back into circuit, the grades of concentrate and tailing 
would not be affected, the recovery indicated in this test is 96 per cent. It is improbable, how- 
ever, that middling assaying 14.42 per cent. Pb would yield as low a tailing as that yielded 
by the original ore, assaying 5.27 per cent. Pb, especially since in concentrating the original 
ore arelatively high-grade middling was made. If the assumption is made that the concen- 
trate obtained by re-treating middling separately would average 65 per cent. Pb and the 
tailing 0.40 per cent., the recovery on middling would be 97.8 per cent. Such an assump- 
tion was justified in this test on the grounds that microscopic examination of the middling 
showed that substantially all mineral would be free at 100-mesh, that the concentrate 
obtained by floating 14-per cent. feed would be of somewhat higher grade than that from 5- 
per cent. feed, and that the assays of flotation tailings from the two feeds would be roughly 
in proportion to the feed assays. Such middling re-treatment would add 3.710 tons of 
concentrate containing 2.4095 tons of lead and 13.386 tons of tailing containing 0.0535 ton 
of lead. If any doubt exists as to the behavior of the middling on re-treatment, it should be 
actually ground and treated. 


The test presented would indicate a flow-sheet in which the material should 
be crushed through 10-mm., screened on 2-mm., the oversize sent to jigs making 
finished concentrate and tailing, and middling for re-crushing; undersize to a 
classifier for de-sliming at 100-mesh; classifier sand to tables making finished 
concentrate and tailing, and a middling for re-crushing; classifier overflow 
to flotation, making finished concentrate and tailing. On account of the high 
grade of the middling, it would appear best to grind the combined middling 
directly to flotation size and treat it separately, but, if this proved unsatis- 
factory on test, the re-ground material could be returned into the de-sliming 
classifier. The table indicates the tonnages that would go to the different 
machines on first pass. The amount that the middling would add would 
depend on how finely it was ground and whether it was treated separately or 
thrown back into circuit. 


8. Testing of machines 


Crushing. The behavior of ore in both coarse and intermediate crushing 
and in grinding should be investigated, for the reason that the behavior of a 
rock when the work consists in breaking apart mineral aggregates, as in coarse 
and intermediate crushing, may be entirely different from its behavior when 
individual mineral grains are being broken down, as in grinding. The safest 
method of testing for capacity, barring actual trial on full mill seale, is to make 
parallel tests on a rock of known crushing characteristics and the unknown 
rock. ‘These tests should be made in machines of the types used in mill treat- 
ment of the known rock and to be used in treatment of the unknown. Labora- 
tory crushing tests that are to be used as a basis of mill installation are about 
5 per cent. manipulation and 95 per cent. interpretation based on experience, 
in any case, and an experienced investigator with a few lumps of the unknown 
and some known rocks and a hammer and anvil can tell more than an inex- 
perienced man with a most complete laboratory crushing equipment. 
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_ Classifier tests give information, not yielded by screen tests, as to the dis- 
tribution of material to be expected in a gravity-concentration plant; and, 
in conjunction with screen tests, form a basis for prediction of the results to 
be expected from gravity-concentration treatment. Testing classifiers are 
also used to prepare material for concentration tests on shaking tables and the 
like. Elutriation tests (Art. 2) are classifier tests applied to sizing fine mater- 


ial, but these same tests, subjected to different interpretation, give useful 


information regarding gravity-concentration. 


Beaker classification involves the same manipulation, in so far as separation into dif- 
ferent grades is concerned, as the decantation method of sizing by elutriation. When 
applied to coarse material (0.5 mm. to say 2.5-mm.) the time required for settlement is so 
short that there is much overlapping of the grades and results are very different from those 
attainable in a rising-current classifier. 


Sorting tubes are made in glass for both free-settling and hindered-settling 
classification. 


A free-settling tube (designed by H. 8S. Munroe and manufactured by Himer and Amend 
and by Emil Greiner, N. Y.) is shown in Fig. 18. The essential parts are sorting column 
(C) with feed inlets (F), vortex fitting (D), overflow tube (B), and 
feed and spigot flasks (A) and (2) respectively. Joints between 
flasks and apparatus are made withrubber tubing. The ends enter- 
ing the flasks are expanded by means of brass thimbles of suitable 
diameter slipped inside the tubing. Joints between (B—C) and (C—D) 
are made tight by rubber tubing slipped over the lower ends of (B) 
and (C) respectively. The annular space between the lower end 
of (B) and constricted portion of (C) should be about }% in. wide. 
The lower end of (C) should project about 144 in. below the bottom 
of the water inlet in (D). When set up, the tubes (2) and (C) 
should be clamped rigidly in vertical position in a ringstand which 
carries also two large rings near the top in which flasks (A) may 
hang. Flask (7) should rest on the base of the stand. There 
should be no kinks in the rubber tubes connecting the flasks. 
Tubes are made in several sizes, ranging from about I- to 8-in. 
diameter of sorting column (C). The actual average internal diameter 
of (C) is obtained by measuring the water drawn from between spaced 
marks and applying equation g = av. (see Sec. 27, Art. 28). The 
quantity of water necessary to overflow in a given time in order 
to produce any required average rising velocity in (C) may then 
be calculated from the same equation and the desired current set by 
bringing the overflow to this figure. 

Procedure. A weighed sample of ore is divided about equally be- 
tween the two flasks (A). Enough water is added tomoistenthe ore Jig. 18.—Munroe 
thoroughly, with shaking; the bottles are then filled with water, and tube classifier. 
put into position for feeding, the cocks (/) being closed. The rubber 
tubes must be full of water both above and below (/’), because an air bubble prevents proper 
discharge of ore. Having adjusted the flow of water up the column to the desired velocity, 
cocks (F) are slightly opened to allow ore to drop slowly. Light material will be carried 
over, while the heavier will fall through the rising current and into flask (#7). When all 
ore is out of the upper flasks, a few minutes are allowed for the sorting column to clear par- 
tially, the current is then shut off and a little more time allowed for matter still in sus- 
pension to settle. Cock (@) is then closed, flask (#7) removed, and its contents transferred 
to feed flasks (A). This last operation may be simplified by having at hand an extra 
flask (2) filled with water; when about half the ore has fallen into the first flask, it may 
be replaced by the second flask, after closing (G) temporarily. Two flasks (Z) may then 
be put into the position first occupied by flasks (A). Current is now adjusted for the 
next faster velocity desired, and the operations repeated. While working with velocities 
up to, say, 20 mm. per second, it is well to catch the entire overflow, water and solids, in 
pails which may be set aside for a sufficient length of time to permit solids to settle per- 
fectly; with the higher velocities, overflow may be led to pans in which solids will settle 
while water overflows. Solid matter carried over at each velocity is caught separately, 
dried, and weighed. 

Hindered-settling tube (Fig. 19) consists of a glass tube (A) about 1-in. diameter and 
30 in. long, drawn down at the lower end to smaller diameter, and provided with a side 
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tube (B) for water inlet. The ratio of the diameter of section (C) to that of section (A) 
for all-around work on feeds ranging from, say, 2-mm. maximum to 0.5-mm. maximum 
should be 1: 2, but a ratio of 1 : 1.5 is better for the coarse separations and one of 1: 3 
or 4 for fine sizes, and a series of tubes is best for close work. The length of section (C) 
should be 3 to 4 in. Inlet (B) and the spigot should be about 14-in. internal diameter. 
A galvanized-iron or sheet-copper funnel with side tube about 34-in. diameter should be 
provided for feeding and collecting overflow, and a number of 
small-necked flasks for collecting spigot products. The joint be- 
tween tube and flask is a rubber tube controlled by a stopcock. 

Final settlement of any particle is determined by its ability 
to pass the constricted section (C), free-settling against a given 
current. Hence this is the important diameter ansl currents are 
set for section (C) by the methods described under “ Free-settling 
tube’”’ dbove. 

Operation starts by filling the entire system with water, then 
setting the minimum current (about 5 mm. per sec.) and feeding 
material slowly into the funnel. The feed should be wet to pre- 
vent skin flotation and the best results will be obtained if the 
slimes are slowly decanted into the funnel several times before 
any of the sands are poured in, taking care that the rate of 
feeding slimy water is insufficient to make the rising current at 
the overflow level equal to or greater than that in section (C). 
Collect the slime in a pail and set aside. The water in the flask 
should be slime free; if not, ro-feed the spigot product. Collect 
the spigot product. Set the current at the maximum rate, re-feed 
the first spigot product, run until only an occasional grain falls 
through section (C), then close the stopcock, collect the spigot 
product and replace the flask, full of water; slack off the current 
gradually until the next lower current is reached, open the stop- 
cock, feed back any sand that overflowed in the preceding opera- 
tion, and run as before until settling substantially ceases. Re- 
Tre. 19.—Hindered- peat with decreasing current velocities until the 5-mm. velocity is 

settling tube. again reached. It is better torun at this current a second time, 

adding the overflow and material remaining in the teeter-chamber 
(A) to the first overflow. Dry and weigh the products. 


Laboratory classifiers. Miniatures of mill-type classifiers (Sec. 6), are 
used. The most satisfactory miniatures are those of the tank type, either 
hindered-settling or free-settling. Fig. 20 shows a useful size, which has a 
capacity of about 1 kg. per min. Laboratory classifiers are much more con- 
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Fic. 20.—Laboratory classifier (after Richards, 91 J 415). 
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veniently operated with closed spigot, when possible, as it is then unnecessary 
to supply and dispose of large quantities of spigot water. 

Interpretation of classifier tests. The weights of the products tell the 
tonnages of different grades for which concentrating machines must be pro- 


_ vided. Assays of the combined products do not yield much information 


concerning probable mill performances, on account of the middling present; 


actual concentration tests should be made. Sizing the products on a series 


of screens will approximate the work of shaking tables, the finest sizes repre- 
senting concentrate, the coarsest the tailing, and the intermediate middling. 
If the sized products are laid out on a ruled board in such a way that the 
abscissa of any grade is the number of the classifier spigot from which it came 
and its ordinate the sereen size, an excellent picture of the work of the classifier 
is obtained. The best classification is represented by maximum spread on 
this board between the heaps of pure heavy mineral and pure gangue. The 
smaller the middling heaps, the heavier the loads that can be put on the fol- 
lowing shaking tables and, of course, the size of the middling heaps indicates 
the tonnage that must be re-ground. 

Settling ratio is the ratio of the average diameter of light-mineral grains 
to that of the heavy-mineral grains in a classified product. It may be calcu- 
lated from the layout described in the preceding paragraph by sorting out the 
middling grains in the various heaps, assaying the residues for heavy mineral, 
and then calculating average sizes of the two kinds of grains in each spigot 
product. The larger the settling ratio the easier the work of the concentrator 
treating the product and the better the work of the classifier. Richards has 
determined the average free-settling ratio of quartz and galena as about 4 
and the hindered-settling ratio slightly less than 7. These figures were 
obtained by careful laboratory work with artificial mixtures of the two min- 
erals and making a large number of successive spigot products with small cur- 
rent differences. Excellent mill work will show not more than 2.5 and 4 
respectively for these same minerals, on account of the smaller number of 
spigots, the interference by middling grains and overloading of the classifier. 

Mechanical-classifier tests can be made properly only in machines of the 
type concerning which information is sought, and, since so many other factors 
than simple settlement in water are involved, e.g., agitation of the rakes, time 
of draining sand, slope of draining surface, depth of pool, and the like, it is 
almost essential that the testing machine be a replica of the full-size machine 
in longitudinal section, at least. An experienced man can tell something by 
beaker tests on the settling rate of the sands in pulps of the same density as 
those that are to be classified, but at the best his conclusions from such work 


are little more than guesses. 
Thickening. For methods of testing, see Sec. 16, Art. 10. 
Testing for vacuum filtration. The usual apparatus is a small filtering 
surface reproducing essentially the type of surface to be investigated. 


The Oliver Filter Co. uses a surface 0.5 sq. ft. in area made as follows: corer ee 
of 1-in. board, square or round, exactly 0.5 sq. ft. in area. On one side tack pavate) ec oaks 
Y in. wide by 14 in. deep, spaced 3% in. face to face with ends staggered so a ¥ ere ee 
passage from every point on the rifled surface to the center point. ae a ee e BG 
in. nipple at the center and set a short nipple in place from the back si no as sss 
through the front surface. Paint the edges and bottom of the board t eee y porte 
No. 2 P.-and-B. paint or its equivalent. Cut a piece of stiff screen cloth the size a ‘ 
board. Make a band of 4-in. X 31-in. or 4-in. strap iron with inside Fnemnee 2 ou 
Yo in. larger than the board. Cut a piece of canvas large enough to tages : e Sachs 
side and turn down over the edges of the board. Piace the screen on the ye s ee i 
canvas over it, then force down the strap-iron band so that the canvas makes a tig 


+ 
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at the edges. Connect the nipple to a receiver, which is best a wide-mouthed bottle with 
2-hole cork, and connect the receiver with a vacuum pump. 

A test leaf may also be made on a 1%-in. pipe frame having the inner element of the 
bottom and side pipes perforated on 1-in. centers with }e-in. holes. The corners should 
be made with tees. Set 44 X Y-in. wooden spacers in place by notching the ends and 
wedging them between top and bottom pipes. Sew on a canvas cover, making sure that 
the seam is tight. A good corner joint may be made by placing eapped nipples in the 
outer ends of the tees and wrapping the canvas tightly with twine around the nipples, then 
painting the joints. 

Procedure consists in immersing the leaf, canvas side down, in agitated pulp for 
different times until the time required to produce cake of maximum thickness is deter- 
mined. Next dry the cake for a definite time, holding it with canvas side up. The 
time allowed for drying should be about the same as the time of submergence. Blow off 
the eake with water or air. Determine the percentage of moisture and dry weight of 
solids, These data give the capacity per half sq. ft. (with the wooden leaf) per revolution 
of a continuous filter. The time per revolution will depend on the periods required for 
forming cake and drying and the usual percentages of submergence. If the test showed 
4 min. for forming cake and 4 min. for drying, and 40 per cent. submergence were used, 
the rate of revolution would be once in 10 min. If the leaf made 1 lb, of dry cake in 
4 min., this is equivalent to 2 lb. per sq. ft. per revolution or 288 lb. per sq. ft. per 24 hr. 
If 10,000 lb. of solid is to be filtered per 24 hr. it will require 10,000 + 288 = 34.7 sa. ft. 
The corresponding size of commercial filter can be chosen from this figure. 


The Oliver Filter Co. makes a laboratory-size filter, with drum substan- 
tially 3 ft. diam. by 6 in, long. A single-leaf American filter, suitable for 
laboratory purposes can also be purchased. Miniature Moore and Butters 
plants are not difficult to construct. None of these, however, gives any more 
information than is obtainable from the test leaf. 


9. Concentration tests 


Hand-picking often affords valuable information, even when not consid- 
ered a practicable method of treating a given ore under existing conditions. 
It may be applied to ore as fine as pea sizes; and, in the investigation of 
screened products, may be carried down to 1.0- or even 0.5-mm. with the aid 
of a hand glass or a low-power binocular microscope. For satisfactory hand- 
picking, ore should be sized between rather close limits, and should be clean; 
washing brings out the distinctive color or luster of some miserala, 

Practicability of hand-picking on a commerdial scale may be tested by 
attempting to make the following products, or so many of them as practicable ; 
(a) Rich minerals, fit for market or for metallurgical treatment. These will 
include not only such minerals as galena, blende, chalcopyrite, etc. nearly or 
quite pure, but also rich mineral which possibly can be treated better by some 
metallurgical process than by mechanical means, for example copper carbon- 
ates, silver chloride, finely disseminated silver ore, ete. (b) Rich ore with 
coarse disseminated mineral, for coarse crushing and jigging. (c) Minédig- 
seminated ore, usually poor, in which the useful mineral occurs in such small 
particles that exceedingly fine crushing will be necessary to liberate it (@) 
Barren waste, or material that does not seem to be mineralized Several 
classes may sometimes be made of this, according to gangue minerals or rocks 
in the ore, or when a difference of volor, texture, or other characteristic tyes 
cates a possible difference in richness. Assays of these different classes of 
barren or seemingly barren material will show which may be thrown awa, ; and 
which should be included with the ore for milling. Finally, inspection OF the 
different products may show that some classes are present jn small quantit 
only, and that perhaps several sorts may be combined without Gus tanttas. 


Econom -picki ; : 
Art. 22. y of hand-picking may be investigated by means of the formulas in, 


Art. 9, CONCENTRATION TESTS 1211 


Hand jigging, for testing ore ranging in size from 10- to 2-mm., requires a 
tub of water and a few small screens of differing mesh, Before jigging, the 
ore should be sized fairly closely. 

Put about 2 in. depth of sized ore into a sieve having a mesh fine enough 
to retain it, and jig for several minutes under the surface of the water, with a 
long, slow stroke for the coarser sizes, and a shorter and quicker stroke for finer 
sizes. A quick down stroke combined with a slower up stroke is best. Care 
should be taken to keep the sieve level and to avoid any horizontal or oyver- 
turning movement of the mass of ore. When the tailing appears to be clean, 
serape off the upper layer and replace it with an equal amount of ore, and 
resume jigging. Middling and concentrate should be allowed to accumulate 
unless the layers become too thick. The main object of this preliminary 
jigging is to produce tailing as poor as possible. When the whole sample has 
been treated, the accumulated concentrate is cleaned up by careful jigging, 
aided by handpicking if necessary. Skimmings from the cleaning operation 
should be added to the middling and the whole re-jigged and reduced to the 
smallest possible bulk by combining part with the concentrate and part with 
the tailing. Assays and microscopic examination of the products will indicate 
the maximum size at which jigging can profitably be begun. 

A rather more elaborate hand jig, deseribed by Richards, consists of a square frame 
about 12 X 12 X 6in., made of heavy galvanized sheet (10 to 14 gage) turned over % X 1{- 
in. strap top and bottom for stiffness. Slats of the same strap to support the screen should 
be placed 2 or 3 in. above the bottom of the frame and the screen wired thereto. It is 
desirable to solder the joint between screen and sides, but this makes it difficult to change 
screens, if desired. Otherwise some leak at the edges must be tolerated. In operation 
the sereen is hung from a helical spring at the desired height above the tub in which jig- 
ging is to be done and is then plunged and lifted in the usual manner. 

Elmore (18 CA 1182) recommends a large hand jig for coal testing. For description 
and performance of such a jig on bituminous coal see Sec. 9, Art. 9. 


Machine jigging. Experimental jigs for testing purposes, operated by hand 
or power, are made by manufacturers of commercial Jigs; they are useful 
equipment for testing laboratories, but their results are no more illuminating 
than those obtained by hand jigging. All small-scale continuous jigs are 
subject to the disadvantage that the ratio of dead space along the sides to total 
sieve area is relatively large and that an undue amount of heavy grains travels 
along these dead sides into subsequent compartments or even into the tailing. 

Pan. Gold pan. Miner’s pan. These are different names for the same device. 
(See Sec. 8, Art. 8.) The pan has three principal uses, viz.: (1) to assay 
gold-bearing gravels in prospecting, and less frequently, to make a rough 
assay of crushed vein material for gold; (2) to work gold-bearing gravel on 
a small scale; (3) to make gravity-concentration tests on heavy-metal ores. 
The procedure differs according to the material being panned. 

Method of gold panning is to take a pan load, submerge it, then work the 
material over carefully with the hands, rejecting large boulders that are free of adhering 
fines and clayey material, until all of the coarse material is removed and all clayey or 
eemented material is disintegrated. Next with the pan submerged or with the material 
in the pan submerged, holding the bottom substantially horizontal, subject the pan to a 
rotary motion of sufficient intensity to produce suspension of the solids. The heavy 
particles, having the faster settling rate in water, settle toward the bottom in the loose 
suspension and leave the surface metal-free. Now, with the pan above the water surface, 
tilt it slightly away from the operator and at the same time rock it from side to side. The 
resulting action of the water will tend to wash solid matter to the lower edge of the pan, 
and the amount of tilt and speed of rocking should be such that only the surface layers of 
particles are washed down into a ‘‘toe’’ at the lower rim. The toe is next washed off by 
alternately dipping and raising it through the water surface. These three operations 
are repeated in order until the amount of material remaining in the pan is small and con- 
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sists of heavy minerals and some fine light sand. Further separation can sometimes be 
made by moving the pan in such a way that a small amount of water therein will course 
around the trough formed by the intersection of side and bottom. Such treatment strings 
out the material with the lightest sand ahead and the heavy material bringing up the rear, 
and it is often possible, by careful manipulation to thus work out a further quantity of light 
sand. This treatment will usually, also, bring any gold to light at the tail of the fan of 
material. Final separation of gold from the heavy minerals is made by amalgamation 
or by drying, separating magnetite with a magnet and the balance of the waste by blowing. 

Testing an ore differs from the above procedure in that (1) the ore must first be ground 
to a size that will free a goodly part of the valuable mineral, (2) the weight of the sample 
taken can be and should be determined, (3) stratification requires more careful and pro- 
longed swirling and (4) the thickness of the surface layer removed in each cycle must be 
thinner. The operation should be conducted over a tub in which the first tailing is col- 
lected for re-panning. Concentrate will always contain considerable gangue and the tailing 
some valuable mineral. In the hands of an experienced operator the recovery will be about 
the same as is possible in mill work, but mill concentrate, especially the coarser sizes, will 
assay higher. 

An experienced panner, working steadily, can treat about 100 pans of uncemented gold 
gravel per 10-hr. day and proportionately less according to the degree of cementation. 
The same man cannot run down more than one-third as many samples of galena-quartz 
ore and even less of ores in which the difference in specific gravibies of heavy and light min- 
erals is smaller. 


Vanning is somewhat similar to panning but not applicable to as coarse 
material (0.5-mm max.) and limited to much smaller quantities, e.g., about 
50 gm. Vanning plaque is made of enameled iron in the shape of a spherical 
segment, about 12-in. diameter and 34 in. deep at the center. The Cornish 
vanning shovel is essentially a plaque mounted on a handle about 24 in. long. 
A batea or a large watch glass may be used as a substitute for a plaque. 


Procedure. The sample, if dry, is first wet down carefully, taking pains to prevent skin 
flotation. The wet pulp is then swirled vigorously to get the slime in suspension, next 
more slowly to let all granular material settle, after which slime is decanted. This opera- 
tion is repeated until all slime is removed. Thereafter the elements of a vanning operation 
are three-fold, viz. (1) stratification as in panning, (2) throwing the lower stratum (heavy 
concentrate) to one edge of the plaque while the upper stratum remains nearer the center, 
and (3) washing the upper stratum to and over the side of the plaque away from the head 
of concentrate. Stratification is effected by simple swirling of the pulp by a horizontal 
rotary motion of the plaque. In order to throw up the head of concentrate the plaque, 
held on opposite edges in the two hands, is moved as in swirling with one hand while the 
other describes, at each revolution, a small vertical circle, say 1m. in diameter, in 
a clockwise direction, moving downward more rapidly than upward. The swirling 
motion keeps the upper stratum in suspension while the lower stratum hugs the surface, 
hence as the plaque moves away from the operator the heavy material moves with it, but 
it moves from under the gangue in suspension. The rapid down stroke drops the plaque 
from under the heavy mineral and when the latter again reaches the plaque surface it rests 
at a point further away from the operator than before. The head of concentrate is, in this 
wise, made to travel up onto the edge of the plaque away from the operator while the 
lighter sands remain nearer the center. Horizontal separation is continued by imparting 
a gentle swirl that moves the water only, and giving the plaque a smart shake at the time 
that the swirling water is traveling away from the head of concentrate. In this way the 
sand is washed down slope toward the operator by film-sizing action (Sec. 8, Art. 14). 
Some operators manipulate the second phase of the separation so as to draw the head 
toward them and then wash tailing off the far side. Others throw up the head by simple 
swirling with one hand and jarring the side of the plaque at each revolution against the 
heel of the other hand. In the latter case the mechanics of the horizontal separation is 
different, but the result is the same. This method is easier to learn than the other, but is 
very tiring, if much vanning is to be done. With a vanning shovel the head is thrown up 
by a slight side fillip on the backward stroke of the swirl. 


Principal uses of the vanning plaque are in examination of finely-ground 
mill products, and in assaying, particularly in Cornwauu to assay tin ore. 
Vanning has the advantage over a chemical assay that it gives some idea of 
the amount of middling grains and of the size of the free-mineral grains. It is 
now being superseded in Cornwall tin assaying by chemical methods, but for 
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many years it was the principal, if not the only method of assaying used in 
that district. It had, of course, the apparent advantage that it indicated 
only recoverable tin, .¢., free cassiterite of a size that could be won by gravity 
concentration, and this was all that most millmen were interested in, but care- 
ful experiment showed that skilful operators reported discrepant results on 
the same sample and that none, of course, checked the chemical assay. 

Shaking tables. Mine and Smelter Supply Co. manufactures a Wilfley 
table with 12 X 20-in. deck; Deister Machine Co. makes the Plat-O-table in 
quarter size, 3 X 7-ft. deck, and Deister Concentrator Co., the Deister-Over- 
strom table also quarter size, with 3144 x 714-ft. deck. Interchangeable decks 
for coarse and fine feeds are obtainable with all three tables. The little Wilfley 
table is the most convenient for small-scale tests, of course, as it can be made 
to give an excellent result on a sample as small as 1 lb., but larger tables are 
better when a considerable amount of material is to be run. The difference in 
performance between the different makes of table on most ores is so small that, 
results on any one can safely be used as indicative of results to be expected on 
any of the others. The work of the small tables is substantially the same as 
that of full-size machines. Tables should be set-up with variable-speed drive 
and with provision for making more than the usual number of splits of the dis- 
charge. Provision should also be made for collecting all of the various prod- 
ucts separately. Much information can be gained by microscopic study of 
products in addition to the assays. Relative capacities of small and full-scale 
tables is best established by a series of tests on the two machines with the same 
feed, but a fair approximation can be made by multiplying the capacity of the 
small table by the ratio of deck areas. The capacity of the large table will 
usually exceed somewhat the figure thus obtained. 

Vanners and buddles. Performances can be approximated by use of a 
shallow trough, 3 or 4 ft. long and 8 to 12 in. wide, with a bottom of planed 
board, ground glass, linoleum, or the like, resting on adjustable supports. 


A more elaborate form (designed by H. 8S. Munroe and made by Himer & Amend, INTE an 
Fig. 21) consists of a strong metal frame about 5 ft. long in which flat plates of pine, maple, 


Fic. 21.—Laboratory film-sizing table. 


slate, glass or other material may be secured. These plates are held by springs, and the 
joint between frame and plate is made tight by inserting a strand of cotton wicking. Ineli- 
nation of the table is adjusted by leveling screws, and amount of water by a dial cock. 
These adjustments are controlled by testing a small sample of the material to be treated, 
and giving to the table such inclination and amount of water as will effect the desired 
separation. A portion of wet ore is gradually pushed under water jets at the head of 
table, care being taken not to feed too fast. After 2 or 3 min. the feed is interrupted 
and material on the table is washed 2 or 3 min. until most of the tailing has run off. 
The tailing pan is then removed, and middling and concentrate are successively washed 
off with a jet of water, into separate pans. The operation is then repeated with 
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another portion of ore, first-replacing the tailing pan. By making at first a large propor- 
tion of middling, clean concentrate and low-grade tailing may be secured. Next wash 
the middling by itself, varying the amount of water and inclination of table to suit. Col- 
lect concentrate, middling, if any, and tailing; dry, weigh, and assay. : 

The performance of the laboratory table gives no direct information as to the capacity 
of mill-size machines, except in so far as it shows separation to be difficult or the reverse. 
See also 27 A 76. 


10. Heavy solutions 


This method of separation is much more useful in the laboratory than in 
the mill for the reason that the cost of supplies is a minor item. A complete 
series of solutions ranging in specific gravity from well under 1.0 to about 3.5 
may be made or bought and.intermediate densities of any desired value may 
be obtained by diluting or mixing the proper solutions in the proper propor- 
tions. Johannsen describes in detail the preparation and use of these liquids. 
The following abridged descriptions cover the more common. 


Sonstadt (Thoulet) solution is an aqueous solution of potassium mercuric iodide. It is 
made by dissolving 270 gm. of mercuric iodide (HglI») and 230 gm. potassium iodide in 
80 ce. of cold distilled water, then evaporating on a water bath until crystallization just 
begins. On cooling, the specific gravity is 3.196. The solution may be diluted to any 
desired density with water and re-concentrated on a water bath. In warm, humid weather 
the density drops materially. Dense solution filters readily. Metals and organic matter 
decompose it; it is highly poisonous and corrodes the skin. If iodine separates, the solu- 
tion may be restored by re-concentrating with the addition of a small amount of metallic 
mercury. 

Klein solution is an aqueous solution of cadmium bosotungstate 

(2 Cd(OH)2-Bs03-9 WO3:16 HQ). 
The concentrated solution, sp. gr. 3.36, 3s obtained by evaporation of a more dilute solution 
on a water bath, and any lesser specific gravities are obtained by dilution. This solution 
is not very poisonous, it filters readily and is not decomposed by filter paper nor organic 
dust and does not affect the skin. It may be used for years. It is decomposed by iron, 
lead and zine and reacts with carbonates. When the latter are suspected the pulp should 
be washed with dilute acetic acid. 

Rohrbach solution, sp. gr. > 3.55, is an aqueous solution of barium-mercuric iodide 
made by heating 100 parts barium iodide and 130 parts mercuric iodide and 20 parts dis- 
tilled water on an oil bath at 150 to 200° C. The solution is non-filtcrable, highly poison- 
ous, very hygroscopic, and difficult to dilute. This is best done by slowly adding a dilute 
solution of the same substance. It is not decomposed by carbonates, but the material 
to be separated must be absolutely dry. Separated solids should be washed with a very 
dilute solution of potassium iodide. Separations should be made in closed vessels. 

Methylene iodide (CHoIe) is a very mobile, casitly handled separating fluid whose 
specific gravity varies from 3.3485 at 5° C. (freezing point) to 3.2890 at 33° C. It is diluted 
with benzol, carbon bisulphide or chloroform, but, while it is unchanged in the atmos- 
phere, if concentrated, the specific gravity rises rather rapidly by evaporation of the dilu- 
tant. It filters readily and is unaffected by the paper. It does not attack the skin and is 
not decomposed by metals or carbonates but is by sulphur. It is readily washed away from 
solids by benzol. 

Retger’s solutions are a variety of mixtures of higher specific gravities than those 
already deseribed. They are uncertain and difficult to make and handle. 


Procedure is simple. It consists in placing the powdered mixture in a 
suitable solution and diluting until the desired constituent or constituents 
sink, then separating the floating from the sunken portion, separating the 
solution from each portion, and washing the solid free of solution. . Johannsen 
deseribes a large number of separating vessels, chiefly applicable to close sep- 
arations of a number of constituents. Tomlinson (62 A 852) describes a 
method of mineralogical analysis of sand that is adaptable to most ore-dressing 
work. 

Preparation. The material to be investigated should first be carefully sized and the 


weights of the grades recorded. Apart from the information thus obtained, sized products 
are more accurately separated in heavy solutions than unsized. 
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Solution. Sonstadt solution is the easiest to make and handle. The concentrated 
solution will drop all sulphide minerals and rich middling while holding up most gangue 
minerals and lean middling. If separation of the gangue minerals is desirable, a density 
of 2.9 will drop practically all of the dark silicates, 2.7 will drop calcite and dolomite and 
float quartz, and 2.59 will drop quartz and float feldspar, although this separation will not 
be as close as the others. 

Separation is most readily made in a Harada tube, which is a special separatory funnel 


_ (see Johannsen), but it may be made satisfactorily in beakers. Use a beaker whose capac- 


ity is about six times the volume of the lot of sand to be separated, dry it thoroughly, add 
the solution (two volumes of solution of proper density to one of sand), stir in the sand 
slowly, allow it to stratify, skim the bulk of the float with a glass or platinum spoon, then 
pour off some of the liquid with the balance of the floating material. Some floating sand 
will usually stick to the beaker in pouring off. If so, push it away on the sides of the 
beaker with a glass rod until sufficient clear space is available to pour out the settled solid 
with the balance of the liquid without contamination. Wash the separates repeatedly 
with water to remove and save solution. If several grades are to be made, it may be well 
to separate first at. an intermediate density and re-work these rough grades at higher and 
lower densities respectively, making sure that they are thoroughly dry before re-treatment. 


Coal analysis is the most important application of heavy-solution testing. 
Any of the solutions and the method described may be used, but the volume 
of sample is usually so large and the coal so light that special methods and 
cheaper solutions are usually employed. 


Sink-and-float test for coal 


The heavy-solution method is particularly suitable for coal analysis for 
the reason that with any given coal the ash content has a direct and substan- 
tially constant relation to the specific gravity of the coal, so that once an allow- 
able ash content for such a coal has been set and the specific gravity of the 
highest-ash particle therein has been determined, a solution of that specific 
gravity will float good coal and everything that sinks will be of higher ash con- 
tent than the permissible limit. Table 10 shows a sink-and-float test on a low- 


Table 10. Results of a sink-and-float test on a bituminous coal. (After McMillan 


and Bird) 
Cumulative per cent. 
Specific Weight, Ash, 
gravity per cent. per cent. 
Weight Ash 
Under 1.3 15.8 4.1 15.8 4.1 
1.30—-1.35 27.2 9.0 43.0 G22 
1.35-1.40 15.3 16.5 58.3 9.6 
1.40-1.45 6.9 23.1 65.2 Ue 
1.45-1.50 6.3 29.3 (as 12.7 
1.50-1.55 5.4 35.0 76.9 14.2 
1.55-1.70 bao 43.9 84.4 16.9 
Over 1.70 15.6 CES LBSGA Tel. a hitingcats » 
Total 100.0 24.8 100.0 25.4 


grade bituminous coal. The specific gravities of the usual impurities asso- 
ciated with coal compared with those of coal are shown in Table 11. It is 
apparent that a heavy solution of specific gravity between 1.50 and 1.65 
would put all of the distinct impurities and some of the bone coal into the 
“sink” fraction. With different coals the ash content and the specific gravity 
have distinctly different relations, as is shown in Table 12. Hence, as above 
intimated, it is necessary to establish the ash-specific-gravity relation and the 
critical specific gravity for each coal. 
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Table 11. Specific gravities of common ingredients of raw bituminous coal. 
(After Drakeley) 
SOS ne a PETE ae ge PEPE ELE SOF A LO REL ELE REELS aD 


Specific gravity 


Material | 

Range Average 
CGall aren rte ord ne Meh Se eae 1.17-1.35 1.30 
BOUC tte Goce tk tein (een a hee 1.35-1.65 1.50 
Garbeniler ous shale. + ie we rrac oes 1.65-2.15 1.85 
PRUE aa ie ee ie eae ee ge Neg pee 2. 152,00 2.40 
Coal.or shale with pyrite....°..... 2.55-4.80 3.65 
Pyrite. .  RietaE St gin aaa oid ote 4.80-5.20 5.00 
(TGS Cage Eee esti Hime heat COieierc CM | RISA cio 2.60 
Galette nis «acts hae emer aaee callietaee 2.71+ 
PelaS pars gtyins Fabasi pee eC uae: a kcoe a ain ten eee ES 2.40 


Table 12. Relation between specific gravity and ash content of various Vancouver 
coals. (After Garman) 


| 
Clean coal Refuse 
Order of 
increasing 
ash(a) Specific Ash, Specific Ash, 
gravity per cent. gravity per cent. 

1 LeSO 3.86 1.76 42.22 

2 1325 3.90 dB; 44.37 

3 1.32 be 1.91 57.13 

4 1.28 7.50 VEG) 62.25 

5 1.24 7.63 2.00 68.50 

6 1.60 8.22 hes ih? 75.34 

7 1.390 9.00 2.25 84.55 

8 13d 15.57 2.60 88.38 

9 1.38 RP SG Pos litn er5k iponiwens, dl ebiptans rete 

10 1.438 ZOO pudicsants es deen [Se bgoleee. Bexar 

| | | 


- a There is no necessary relation between the clean coal and the refuse in any given hori- 
zontal line; they may not be from the same coal. 


Solutions. The usual heavy solution is a water solution of zine chloride. 
This gives a maximum density of about 1.80 at ordinary temperature. Cal- 
cium chloride is sometimes used. Sinnat and Mitton (67 IME 494) used 
mixtures of carbon tetrachloride (sp. gr. 1.582 at 21° C.) and toluene (sp. gr. 
0.8708). For sizes finer than 20-mesh McMillen and Bird (Bul. 28, UW Ser. 61) 
used a mixture of carbon tetrachloride with benzene or bromoform, according 
to whether densities below or above 1.58 were desired. 


In changing solution strengths, the volume, z, of old liquid to be withdrawn and new 
solution to be added may be calculated by the equation, x = (O — N)V/(O — A), where 
V is the volume of testing solution before and after the change in density, and O, N and 
A are the specific gravities of the old, new, and added solutions respectively. If the testing 
tank is of constant cross-section, z and V may be expressed in uuits of depth of liquid 
in the tank, if there is no appreciable amount of solid material in the tank. 


Size of sample depends on the size of the particles. McMillan and Bird 
(loc. cit.) recommend. 500 Ib. for egg-size coal, —3 + 14-in.; 250 Ib. for nut- 
size, —1¥4 + 34-in.; 125 lb. for pea, —34 + 34-in.; 50 lb. for buckwheat, 
—34 + 34¢-in.; 25 Ib. for birdseye, —34g-in. + 20-mesh; and 0.5 lb. for 
—20-mesh. (See also Sec. 2, Art. 12.) 
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Apparatus. The essential elements of the apparatus for making tests 


conveniently are a large-enough container and means for removing the sink 


and float fractions separately. 
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Fig. 22 represents an apparatus for coarse sizes developed by the U. S. Bur. of Mines. 
It Re ists Fohally of a wood or zinc-lined tank (a) and two perforated-bottom prec: 
for removing the separated fractions. The sink pan (b) rests on the bottom of the es 
and has a permanent perforated bottom and handles at the end. The pone LOWES 
on the upper edge of the sink pan. As set into place for a test it 1s merely a 4-sided rim 


— 
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extending the sides of the sink pan above the surface of the liquid in the tank. After the 
charge has separated into sink and float fractions, a flexible screen (d) is slid down through 
and along the groove (e, e, e) in the float rim until it forms a perforated divider between the 
fractions and a support on whizh to lift out the float fraction when the float rim is removed. 
Details of construction are shown in the figure. 

Procedure, especially when the feed contains impurities that disintegrate in water, is 
to start with the heaviest solution (1.70 sp. gr. for bituminous coals and 1.80 for anthracite 
will foat all material of any value). The sample is shoveled into the assembled apparatus, 
float being skimmed as necessary to maintain the layer of float at not more than three 
particles deep. It is necessary to make certain, before any material is skimmed, that the 
specific gravity of the solution is exactly that or less than that at which separation is in- 
tended. Float should be stirred before skimming to prevent removal of entangled sink 
material. When all of the sample is in, the specific gravity of the solution should be brought 
to exactly the desired figure (using an accurate hydrometer for testing), the sink should 
be stirred to free any entangled float, and then the screen inserted into the float rim (Fig. 
22) and the latter lifted out and placed on a suitable draining board arranged to collect 
drippings. The sink should then be removed, drained, washed free of heavy liquid and 
dried. Next reassemble the apparatus, dilute the solution to the next lower separating 
density, and re-treat the preceding float. Repeat until the desired number of cuts has 
been made. 


Fine material. For material finer than 20-mesh a two-liter bottle makes a 
good separating container and carbon tetrachloride with benzene or bromoform 
good heavy solutions. Float material may be drawn into a two-liter vacuum 
flask by means of a glass tube. Separating solutions must be maintained at 
constant temperature in order to maintain constant specific gravity. The 
sample should be 200 gm. of air-dried (105° C.) coal which has been thoroughly 
wetted before separation. ‘Twenty-four hours may be required for complete 
separation. The specific gravity of the solution must not be adjusted during 
a given separation. 

Testing coal to determine a method of treatment involves the same prin- 
ciples as ore testing for the same purpose. The testing campaign should 
include sink-and-float tests, with ash and sulphur determinations; a sizing 
test with sink-and-float tests of the sizes will yield valuable information; and 
the microscope should be used freely. 

The sink-and-float test on the whole feed will tell what yield and ash con- 
tent of washed coal are to be expected; it will give information concerning 
the composition of the washed product and as to the possibility of taking an 
intermediate product for mine-plant fuel. 

The sizing test with sink-and-float tests on the grades tells the size to which 
crushing must be carried to free the economic maximum of waste. The same 
information may be obtained by crushing different samples to different sizes 
and testing these. 


Tables 13 and 14 present the results of two such tests on a coking coal. Table 13 
indicates that further crushing from 1-in. to 34- freed some slate and distributed it princi- 
pally in the coarser sizes of the — %-in. product. The effect is more clearly shown in 
Table 14. There is more low-ash material and more free slate in the finer product. On 
the other hand, for a yield of, say, 90 per cent. (see Table 14), the 1-in. crushing gives a 
clean product containing about 7.3 per cent. ash against 6.5 per cent. in the — 34-in. product 
and the probability is that in actual washing the difficulties due to treating the finer product 
would prevent realization of this difference in the washery product and that the improve- 
ment in result, if any, would not pay for the increased treatment cost. 


In general, to estimate from float-and-sink tests the amount of sulphur to 
be expected in washed coal, multiply the percentage of sulphur in the float 
by 0.9. : 

Microscopic examination will give an idea of the mode of occurrence of the 
ash and the possibilities of concentration (washing). 
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Table 13. Sizing-assay tests of a raw coal crushed to different sizes. (After 
Yancey, Bul. 16, CIT) 


| 
| l-in. crushing, per cent. -in, crushing, 
: . ‘ per cent. 
Screen size, inch 
Weight Ash iS} Weight Ash 
+1 15.4 14.6 O! COt ara cece ae een eae eee, 
| 4% 41.9 10.3 ORCK, “alates recall ae oe 
| yy 18.5 10.3 0.90 22.6 12.5 
% 10.4 10.4 1.06 39.5 10.8 
Vg 6.1 10.2 1,06 17.0 10.2 
Vo 4.3 10.5 1515 9.4 9.3 
V4 1.8 12.4 peas 225 9.6 
— Ya 1.6 12.9 1.32 9.0 1173 
Totals and averages...,......| 100.0 : il id “0 86 100 0 10 9. 


. See also Table 14. 


Table 14. Float-and-sink tests on the same coal (Table 13) crushed to different 
sizes. (After Yancey) 


j-in. size, per cent. — %-in. size, per cent. 
Specific = a 
gravity Weight Ash Weight Ash 
Direct Cumu- Direct Cumu- Direct Cumu- Direct Cumu- 
lative lative lative lative 
—1.30) 58.2 58.2 Bint 3.8 66.3 66.3 ard 3.8 
+1.30-1.40} 24.8 83.0 10.9 5.9, 17.6 83.9 12.1 5.3 
+1.40-1.45 6.3 89.3 22.5 hess 4.0 87.9 Die 6.0 
+1,45=1.50 2.1 91.4 28.4 76 2.6 90.5 26.6 6.6 
+1. 60=1.60 2,1 93.5 33.4 8.0 2.8 93.3 35.2 Vy 
+1.60=1,70}| 2.4 95.9 41.8 9.0 1.7 95.0 42,8 8.1 
te 70 4.1 4.1 62.9 11.2 5.0 5.0 63.1 10.9 
Original 100.0 100.0 HAD WM 8 eal I er an 100.0 100.0 i Fest) ame 12 ae om oes 


For methods of ash and sulphur determination see: Methods of analyzing coal and coke, 
F. M. Stanton and A. C. Fieldner, 7P 8, USBM; Standard methods of laboratory sampling 
and analysis of coal, A.S.T.M. Standards, 1921, p. 760. 


Following the small-scale tests, washing tests should next be made on a 
large hand jig (see Sec. 9, Art. 9) or better yet on a full-sized coal jig. These 
tests should be made at the mine, where there is sufficient material readily 
available for an exhaustive testing campaign and on a scale sufficiently large, in 
the case of a coking coal, to yicld tonnage for full-scale coking tests. From 
these data a flow-sheet can be laid out intelligently. 

It will generally be found in these tests that practically everything of less 
than 1.50 sp. gr. will go into the washed coal and everything heavier than 1.75 
into the reject. The distribution of the material intermediate in specific 
gravity will depend on the type of washer (concentrator) and the way in which 
it is run. Tank, trough and tubular washers, unless run with the greatest 
care and not overloaded, will put much of this material into the cleaned coal. 
Jigs, unless badly overloaded or operating on too large a range of sizes can be 
made to deliver the bulk of this bony material either into the clean coal or 
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the refuse, especially if the jig is of more than one compartment or two jigs 
are run in series. Shaking tables will make a good separation if a middling 
product can be shaken out, otherwise the bone will distribute between both 
products. Except in the case of machines treating fine feeds the refuse should 
not contain more than 5 per cent. of clean coal and this should be well less 
than 1 per cent. of the feed to the machine. 

Delameter (22 CA 751) gives, in considerable detail, the results of an elaborate series 
of tests to determine whether it was necessary or best to wash all of the coal and, if not, 


at what size it was best to split, jigging oversize and mixing the washed product back with 
the unwashed screenings. The results are summarized in Fig. 23. Plot A shows sizing- 
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Fie. 23.—Results of washing tests on bituminous screenings (after Delameter). 


assay ee giving the ash content of raw coal, washed coal 
run, gives the same data for sulphur. C shows the relation i 

ash and sulphur reduction, D shows the yield and the ash and ea pebniees tivield cen 
cleaned coal, assuming the raw coal (— 1.05-in.) sized on any given screen (abscissa) 
the oversize jigged and the unwashed undersize added to the washed oversize to Pbke stk 
final cleaned coal. According to this curve, if all of the — 1.05-in. coal is rasan the 
yield will be about 87 per cent., the ash content of the cleaned coal 6.7 per cent and the 
sulphur content 1.15 per cent. On the other hand, by sizing on an 8-mesh cereal and 
washing only the oversize, re-mixing unwashed undersize with the washed Base the 
yield would be 90 per cent., the ash content of the washed coal 5.8 per cent. and the sulphur 
1.09 per cent. At this mine 1.2 per cent. of sulphur was allowable, which permitted the 


and refuse in a representative 
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separation to be made at 4-mesh, at which size the yield was between 93 and 94 per cent. 
and the ash content of the cleaned coal about 6.4 per cent. This is a rather surprising 
result in view of the fact that the fine sizes of the raw coal contained the most sulphur 
(see B) and not the least ash (see A). 


Washery control. Sink-and-float tests form an excellent rule for judging 
the efficiency of the operation of any machine or operation. The feed and 
products of the machine or operation should be tested in a solution of pErR- 
MISSIBLE DENSITY, 7.€., the density pre-determined to yield a washed coal of 
allowable ash content. From the results, efficiency may be calculated by 
any of the methods of Art. 28. For this kind of work it is unnecessary to 
dry the sink-and-float fractions before weighing, since the results will be suf- 
ficiently accurate using moist weights, and the time saved is considerable, 


11. Flotation 


Testing flotation processes is more difficult than testing other methods of 
concentration for the reason that the controlling conditions are less well rec- 
ognized and the phenomena, which are physico-chemical rather than strictly 
physical, are sometimes vastly affected by apparently slight changes in these 
controlling conditions. Minute amounts of foreign substances may exert 
enormous effect, temperature is of considerable importance, the character of 
the water and, in some cases, even, the material of which the machine is made 
may affect performance. It is particularly necessary, therefore, to make a 
careful, detailed record, during the course of the test, of every feature connected 
with the test, making special note of all conditions surrounding any unusual 
performance. 

The conditions affecting froth flotation are: (1) the mineralogical character 
of the feed, the size and method of grinding; (2) the character and quantity 
of flotation agents; (8) the pulp thickness and the amount and character of 
suspended and dissolved organic and inorganic material in the water; (4) 
the kind of process; (5) the kind of apparatus; (6) the degree of agitation; 
(7) the duration of treatment; (8) the temperature. 

The indicia of effect are copiousness and consistency of froth; size of bub- 
bles; amount and kind of solid load; the degree of dispersion of the pulp; 
rate of flotation, and finally the recovery and grade of concentrate. 


Record form. The record of tests is best kept on a printed or mimeographed form that 
will act as a check list for the information to be obtained. This form should include the 
following items: Test; number, date, purpose. Frxrp; origin, history, approximate mineral 
composition, sizing test, assay, record of microscopic examination, weight. MAacHINE; 
type, size. Water; source, litmus reaction. RraGEntTs; description, quantity, order of 
adding, method of mixing, duration of mixing period, pulp density and temperature and 
litmus reaction during mixing. Rouauine (or concentrate-making) period; duration, 
degree of agitation or aeration; pulp density, temperature and litmus reaction; character 
of froth, including texture, size of bubbles at water line and overflow level, elastic or effer- 
vescent nature of bubbles, viscosity or tenderness of froth, persistence, mineralization, 
litmus reaction, percentage of solids. Ci»aneR (or middling-making) period: Collect 
the same data as in roughing period. RovuGHER TaILinG; litmus reaction, degree of dis- 
persion; rate of settling, temperature, density. CLEANER TAILING; the same. ASSAYS. 
METALLURGICAL RESULTS. NAME OF OPERATOR. It is well to define the meaning of 
certain of the descriptive terms. The following definitions are useful. Texrurn: Hxam- 
ine the ‘“‘grain”’ of the froth. Mental reference to the grain of a rock or other non-homo- 
geneous mixture will help in choosing the proper descriptive term. The texture should 
be described as ‘‘even”’ when all, or a great majority of the bubbles in a given horizontal 
line against the glass walls of the testing machine are of approximately the same size; 
“uneven” describes the reverse condition. Texture should be described as ‘‘fine’”’ when 
the average diameter of bubbles at 4 in. above the water line is 4% in. or less. CHARACTER 
OF BUBBLES: Elastic indicates that the surface bubbles in the machine are relatively 
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persistent, that they may be deformed considerably without bursting, and that they elongate 
markedly in overflowing. Effervescent bubbles burst with considerable violence soon 
after reaching the surface layer. Quazity is viseows when patches of the froth aet almost 
as solids and the body of froth is sluggish in the cell; tender describes a homogeneous, 
fluffy froth that is active on the surface of the cell. Mu1nrRatizaTIon is best determined 
by examining a film under a low-power (15 to 20 X) microscope. Heavy describes the min- 
eralization of a film that is crowded with solid, opaque, and that draws back slowly when 
punctured; light describes the complete reverse of this condition; mediwm describes a 
wide intermediate range. Gangue and sulphide indicate the predominating mineral in 
the solid load. Prrsisrence. High describes the fact that overflowed froth shows little 
or no tendency to break down after standing 10 min.; mediwm describes a froth that breaks 
down spontaneously to about one-half its volume in 10 min. after removal; low describes 
substantially complete breaking down in 10 min. Swrriine rate of tailing gives a pseudo- 
quantitative measure of degree of dispersion. It is best measured by allowing one minute 
to elapse after flotation ceases, then measuring the distance from a fixed point on the side of 
the machine to the top of the subsiding solids and again measuring after the lapse of one 
minute. An experienced operator can keep this record with very little more time than is 
required for the test itself; it serves as a guide to methodical and careful observation; and 
makes it possible for persons who have not seen the test to visualize the performance and 
interpret the results. 


Machines , 


For crude, small-scale tests by the agitation-froth process, agitation may 
be effected by hand shaking m a test-tube or a wide-mouth bottle, or in a milk- 
shake machine, and froth separated with a spoon or by overflow by introducing 
sufficient water through a tube below the pulp level. A separatory funnel 
may be used for shaking (111 P 122) in which case the tailing ean be drawn 
off from the bottom without dilution. A motor-driven bar mixer with a small 

square glass Jar is an excellent device for preliminary 
tests. 
Preliminary pneumatic-process tests may be made 
with a small machine made of a” short length (8 to 
12 in.) of 1.5- or 2-in. tubing, a I-hole rubber cork 
and a piece of finely porous cloth, arranged as shown 
Glass tubing in Fig. 24. Air may be supplied by a bicycle or auto- 
mobile pump or at the worst an ordinary atomizer 
or syringe bulb. It is well to have a receiver made, 
Porous say, of a 2-liter acid bottle, between the pump and 
cell, arranged so that the air supply to the cell can be 
regulated by means of a pincheock. 

These preliminary tests will be valuable principally 
to determine amenability and, perhaps, to give some 
rin idea of the grade of concentrate that can be made. 
= supply They will not yield good recoveries. 

Teen ig ee ae oe The most convenient machines for laboratory 

matic flotation tests, Work are single-cell models of mill machines taking 

charges of 500 to 1500 gm. of solid with provision for 

froth overflow and arranged for pulp circulation. Such machines yield results 
that are, in most cases, directly comparable to mill operations. 


; Parsons (Bul 617, Canada Dept. of Mines, Mines Branch, 1923) recommends that for 
differential-flotation tests a continuous-flow testing unit, consisting of a ball mill in series 


with the flotation machines, be used. He says that batch work gives better results than 
can be obtained in mill operation. 


_ Janney mechanical machine (Fig. 25) is a miniature copy of one cell of the 
mill machine, differing therefrom in that the volume and area of the spitz 
kasten (¢) are somewhat less in proportion to the size of the agitating compart- 
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ment (a) than in the larger machine and that the bottom of the spitzkasten 
of the laboratory machine is higher than the bottom of the agitating compart- 
ment, while the reverse is true of the mill cell. Pulp circulation is, of course, 
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Fic. 25.—J anney laboratory flotation machine. 


restricted to the one agitating compartment and one spitzkasten. The ma- 
chine is made of cast iron or aluminum. A suspended impeller shaft, 34-in. 
diameter, carried on roller bearings, is better than the under-driven type 


pictured. 


A \4-hp. motor capable of sufficient speed variation to give a range of agitator speeds 
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between 500 and 2400 r.p.m. should 
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be provided. The ore charge for a pulp containing 


20 to 25 per cent. solids is 500 to 600 gm. 


Minerals Separation machine. A one-compartment model of the mill cell 
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Fia. 26.—M. 8. laboratory flota- 
ioe dyasnine. 


arranged for continuous pulp circulation is 
built by the Denver Fire-Clay Co., Denver, 
Col., under the name of Case laboratory 
machine. The form shown in Fig. 26 is just 
as satisfactory and is easily built in any mine 
shop. 

A \-hp. motor giving the agitator a speed range 


from 800 to 2000 r.p.m. is desirable. The machine 
shown takes an ore charge of 750 gm. 


Callow machine. General Engineering 
Co., Salt Lake City, Utah, makes a two-cell 
laboratory unit consisting of a rougher, 2 
15 in., a cleaner, 2 X 7 in., a Pachuca tank 
for mixing, and an air-lift for circulating 
cleaner tailing back to the head of the 
rougher. The apparatus requires provision 
for 11 cu. ft. of free air per min. at about 5 Ib. 
pressure. The ore charge is 1000 to 2000 gm. 

The pneumatic machine shown in Fig. 27 can 
be built in any good mineshop. It can be arranged 
either for continuous or batch treatment, according 
to the position of the tailing-discharge slide. The 


ore charge for a pulp containing 20 to 25 per cent. 
solids is 1500 gm. 


Sub-aeration machine (Tig. 28) is probably the most flexible of the labora- 
tory types. It is not manufactured for sale but is easily made in any machine 


shop. 
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It requires a 14-hp. motor whica should give an impeller-speed range from 500 to 2000 
r.p.m. The machine shown requires a charge of 750 gm. to give a pulp containing 20 to 


25 per cent. solids. 
Other testing machines. 
& Sons, Inc., 1921. 
Motors. 


See A. F. Taggart, Manual of jlotation processes, John Wiley 


An agitation-froth machine with 3- or 4-in, impeller requires a 14-hp. motor. 


For direct current the General Electric Co. type DSD, constant-speed, shunt-wound motor, 


with a speed of 1700 r.p.m.; maximum 
voltage 250, drawing 1.25 to 0.63 amp., 
wired with a field rheostat in the arma- 
ture circuit, is eminently satisfactory. 
Type SD is asimilar motor for 110 volts. 
For alternating current Ralston (112 P 8) 
vouches for the satisfactory behavior of 
the General Electric Co. repulsion-induc- 
tion motor, single-phase, 60-cycle, 1780 
r.p.m. full speed, drawing 4.2 amp. at 
110 volts or 2.1 amp. at 220 volts, either 
voltage being acceptable. Speed varies 
with the load and voltage and is con- 
trolled by a field rheostat in series with 
the motor. 


Testing procedure 


General. All apparatus should be 
scrupulously clean. Cleaning is best done 
by scrubbing with strong solution of sodi- 
um carbonate or sodium hydroxide, fol- 
lowed by a neutralizing wash with sul- 
phuric acid solution and then by a blank 
run with finely-ground waste rock. If 
there is no frothing in the blank run the 
machine is clean and should then be 
washed free of solid in preparation for 
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the ore charge. 

It is most convenient to measure all ral) 
quantities in metric units. Small quan- Tap for 4 nipple 
tities of mobile liquid reagents are readily with cap 
measured with a Mohr pipette and the 
quantities converted into weights, taking 
into account the specific gravity; viscous 
liquids may be measured by counting 
drops, after the necessary calibration; 
solid reagents are best added in solu- 
tion, if possible, 
weighed in. 

The method of preparing the ore charge depends upon the ore, the nature of the test 
and the nature of the reagents. Dry grinding in a disk sample grinder or a small ball or 
pebble mill is most convenient, as it permits preparation of a large number of samples 
at one time, but the nature of such dry-ground material is not necessarily the same as that 
of the same ore wet-ground. Dry-ground particles may be of different shape from wet- 
ground, the relative average sizes of gangue and mineral will probably be different, and 
the heat developed in dry grinding together with the exposure to air may oxidize the surface 
of some of the floatable particles. Wright (120 P 459) says that wet-crushed samples have, 
in his experience, generally yielded recoveries from 5 to 10 per cent. higher than those from 
dry-crushed samples. The dispersion of viscous reagents is best effected in a thick pulp 
in a cylinder grinding mill. Hence wet grinding, simulating mill conditions, should be 
practiced unless it is established that dry grinding produces no essential difference in results. 

in wet grinding the ore is first reduced to pass 10- or 20-mesh dry. The desired charge 
is then weighed into a small batch eylinder mill, water in an amount equivalent to 30 to 
50 per cent. of the combined weight is added, flotation agent is put in, if desired, and the 
charge ground for the pre-determined time required to produce the desired size. A con- 
venient form of batch-grinding apparatus may be made of a piece of 8-in. pipe, 10 in. long, 
with special caps with lugs for ease in unscrewing, to form the grinding cylinder; and two 
4-in. pipe rollers with gudgeon ends in bearings, one roller driven and the other loose, in 
the same horizontal plane, spaced 9 in., on which the grinding cylinder is supported and 
rotated. The speed of the cylinder should be 40 to 50 r.p.m. 
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When the sample for test is a mill pulp, it should not be dried prior to testing. 

In preliminary testing, as e.g., in determining a suitable reagent, rough tests of metal 
content of the tailing may, with many ores, be made by vanning, and assays need not 
be made unless the vanning test indicates good recovery. 

Methods of testing with the laboratory machines described are given in succeeding para- 
graphs. For methods of testing with other machines and by other processes see Manual 
of flotation processes. 

Testing in agitation-froth machine. Start the impeller at slow speed. Add the charge 
of oiled pulp. (If feed has been dry ground, make a pulp in the machine to contain 50 
per cent solids, add the collecting agent and agitate at full speed for one minute.) Bring 
the impeller up to full speed, add water until the level of the pulp stands one or two inches 
below the overflow lip, then add the frothing agent into the agitation compartment. Allow 
froth to build up until it stands 14 to 1 in. above the overflow lip, then scrape off as fast as 
it builds to this height. Add water as necessary to keep the pulp level at the proper height, 
which will inerease as the test proceeds. Additional frothing agent may be added, if 
necessary to obtain froth toward the end of the test. Procedure varies somewhat accord- 
ing to the type of flotation flow-sheet that is being investigated. If this is of the rougher- 
cleaner variety, froth may be scraped deeply and removed rapidly during the roughing 
period in the endeavor to make clean tailing. Tailing is then removed from the machine 
and all of the overflow from one or more roughing operations, depending upon the amount 
of rougher froth produced, is charged back into the machine and frothed slowly to produce 
clean concentrate. ‘The percentage of solids in the cleaning operation should ordinarily 
be between 6 and 12 at the beginning of the run. In a concentrate-middling test 
the first froth is removed slowly in an endeavor to make clean concentrate. Thereafter 
froth is removed as rapidly as possible and even a small amount of pulp may be overfiowed 
in the endeavor to produce low-grade final tailing. 

The rate of flow through mill machines is such that pulp remains in a given compart- 
ment of the primary machine for about two minutes. Hence each two-minute period in 
the test machine corresponds to treatment in one compartment of a mill-gize machine 
and the probable mill installation can be estimated from the duration of the test run. 

Collect concentrate, middling, tailing, and, if desired, the material that collects in the 
bottom of the agitating compartment (‘‘untreated material’’) separately, weigh wet, dry 
and weigh, sample and assay. 

Testing in pneumatic machine. Usually the feed is ground wet in a thick pulp with the 
collecting and dispersion agents. If dry-ground feed is used, 10-min. mixing with the agents 
ina 1:1 pulp in the batch-grinding mill with a light ball or pebble load is best. Thin the 
charge of pulp with water, add with frothing agent to the machine with air turned on 
slightly and tailing exit closed. Regulate the air in the different compartments so that there 
is no marked horizontal] travel of air or bubble column, then add more water, if necessary, 
until froth overflows freely. Continue frothing until the residue in the cell shows marked 
impoverishment or until 8 or 10 min. have elapsed. This time corresponds to that required 
for the passage of pulp through a standard Callow cell under ordinary mill conditions. 
If no marked impoverishment occurs, it may be concluded that the particular flotation 
agents used are unsuited to the ore and others should be tried. In the case of a good 
roughing test, draw the tailing and return the rougher froth to the machine for cleaning. 
This operation requires only one-half to one-quarter the quantity of air used in roughing, 
the pulp should be quite dilute and the rate of overflow slow. Collect cleaner concentrate, 
cleaner tailing (middling) and rougher tailing separately, weigh wet, dry and weigh, sample 
and assay. 

Testing in the sub-aeration machine is akin to testing in the pneumatic machine except 
that mixing is readily performed in the cell itself, as in the agitation-froth machine, Other- 
wise, with apparent modifications, the preceding instructions will serve for this machine. 

Continuous tests in machines of the size described will not give satisfactory indications 
of mill results. Machines for such testing should have a capacity of several hundred 
pounds per hour and should be preceded by a ball mill and classifier. A flow-sheet con- 
sisting of a 3-ft. ball mill, in closed circuit with a simplex Dorr classifier sending overflow 
toa l Xk 5-ft. rougher Callow cell and a 6-in. X 3-ft. cleaner, with suitable accessory pumps 
and sampling apparatus will, however, treat ore at the rate of 5 tons per 24 hr., if already 
crushed to }-in. size, and will give results that are comparable to mill performances. 
Several hundred to 1000 lb. of ore are required to charge such a plant and one or two hours 
running to allow it to settle down, so that at least one ton of sample is required for a test 
and two to five tons is safer. Flotation feed, unlike the feed in gravity concentration 
cannot be made up of re-combined products from a previous run. d 


Purpose of flotation testing may be (a), to investigate the amenability 
of an ore to flotation, (b) to determine the best method of treatment, (c) to 
investigate a flotation agent, (d) to investigate a process. 
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Amenability. Actual flotation should be preceded by microscopic exami- ° 
nation to determine the approximate qualitative mineralogical composition 
and state of the ore as regards oxidation. Preliminary examination with a 
binocular microscope followed by study of a polished section, supplemented, if 
necessary, by study of a thin section or some fragments with a petrographic 


microscope, will usually save time and permit much more intelligent prosecu- 


tion of the actual testing work. If microscopic study shows unaltered sul- 
phide associated with the ordinary rock-forming gangue minerals, it is a safe 
conclusion that the ore is amenable to flotation and actual tests in the machine 
may be directed rather toward determination of the best method of treatment 
than toward confirmation of amenability. If microscopic examination shows 
mixed sulphides, that faet will indicate low-grade concentrate and point the 
way toward differential flotation. If there are signs of oxidation, trouble is 
to be anticipated and the question of amenability cannot be answered without 
actual flotation testing. 

The following classification of commonly-used flotation agents will serve 
as a guide in the choice of agents. It is not, however, to be looked upon in 
any way as rigid or complete, but merely as an aid to the beginner in flotation 
testing. 

Frothing agents. (See p. 842.) 

Agents that stiffen froths. Wood tar and wood-tar oils. Petroleum and petroleum 
derivatives. 

Collecting agents. (See p. 842.) 

Dispersion agents. (See p. 844.) 

Agents for copper ores. Tars and their derivatives. Thiocarbanilid and xanthates. 
(See also p. 847.) 

Agents for lead ores. Pine oil. Wood creosotes. Thiocarbanilid and xanthates. (See 


also 851.) 

Agents for zinc ores. Pine oil. Coal-tar creosote. Thiocarbanilid and xanthates, 
Copper sulphate. (See also p. 851.) 

Agents for differential flotation. See Sec. 12, Arts. 16 and 19-24. 

Agents for oxide flotation. See Sec. 12, Art. 25. 


Grade of concentrate can ordinarily be improved, if poor, by decreasing 
the rate of froth overflow. This may be accomplished by decreasing aera- 
tion, diluting the pulp, using less or a less-powerful frothing agent, by elim- 
inating an agent that stiffens the froth, by choosing an agent that is more 
highly selective, or by the use of dispersing agents such as sulphuric acid, lime, 
and certain inorganic salts. 

Recovery will usually be increased by increasing the rate of froth overflow. 
This may be done by increasing aeration, increasing the percentage of solids, 
using more frothing agent or a more powerful frothing agent, or adding a froth 
stiffener. Recovery may also be increased by increasing selection, either by 
the use of a different collecting agent or by adding a dispersion agent. 

Tests for a method of flotation are in no way fundamentally different from 
tests for amenability; they differ only in that they are more thorough and 
exhaustive and should, ordinarily, be carried out on a larger scale. They 
should start with knowledge of amenability and of one method of treatment, 
and should comprise investigation of the effect of changes in flotation process, 
in grinding, dilution, reagents, temperature, water supply, etc., on recovery 
and grade of concentrate. The following facts should be kept in mind in this 
testing campaign: 

(a) In the laboratory the agitation-froth process is easier to control and 
tests are more quickly run than by the pneumatic process. 

(b) An ore that can be successfully concentrated by flotation in an agita- 
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tion-froth machine can be successfully concentrated, with certain changes in 
the accessory details of operation, in a pneumatic machine, and vice versa. 

(c) Before a mill is built the process worked out in the laboratory should be 
tried out on something approximating a mill scale in a test plant. 

(d) The flotation process operates most easily and with greatest leeway on 
a pulp containing from 15 to 20 per cent. solids. On the other hand, power 
consumption, mill equipment and reagent consumption are lessened as the per- 
centage of solids in the pulp is increased. 

(e) A change of reagents in an operating mill may be a serious matter, 
involving considerable laboratory experimental work and costly interference 
with mill operation. Henée the reagent chosen should be one of which a 
supply at a fair price is reasonably assured, and the reagents tried in the test- 
ing work should be of this class. The important members of the class are: 
pine oil, coal tar, coal-tar creosote, wood tar, wood-tar creosote, petroleum 
residuum, the low-grade kerosene commonly known as stove oil, thiocar- 
banilid, sodium and potassium xanthates, sodium sulphide, alkaline cyanides, 
sodium carbonate and bicarbonate, sulphuric acid, zinc and copper sulphates, 
xylidin, orthotoluidin. All of these substances are available at fair prices and 
in good supply. Certain other substances may be locally abundant and their 
use, temporarily at least, may be justifiable on that score, but a suitable flo- 
tation agent consisting of one or more of the above-mentioned substances 
should be determined and the best available supply investigated against the 
time when the supply of the local substance is exhausted. 

Testing flotation agents. This-is probably the most common type of 
testing at an operating plant. The first step is, of course, to find by actual 
test, first in the laboratory and then in the mill, whether the new agent will 
produce satisfactory recovery and grade of concentrate with the mill feed. 
In this investigation it is essential that the conditions of contemplated use 
be duplicated. This is not always an easy matter. For example, if the mill- 
flotation feed is re-ground residue from gravity concentration and reclaimed 
water is used in the mill and the new reagent is to replace one or more of the 
reagents Ja regular use, it is substantially impossible to obtain a sample for 
laboratory testing that has the size and mineralogical composition of mill- 
flotation feed and is uncontaminated with existing reagent. Under such cir- 
cumstances the best approximation to mill conditions will be attained by taking 
some of the original ore, concentrating it in the laboratory by gravity treatment 
patterned on the mill scheme, then grinding the residue in the laboratory to 
mill size, It is not safe to take a sample in the mill and dry it to drive off mill 
reagents. Such dried pulp will almost invariable float more poorly than prop- 
erly prepared fresh pulp. 

Assuming favorable flotation results from the laboratory tests, the ques- 
tions of quantity required, supply and price should next be investigated. 
Unless the potential supply is large, the price is sure to advance with adoption 
of the agent by other companies, and deliveries may be difficult, with resulting 
interruption to mill operation. The probable effect. of storage at the mill 
should be looked into; the behavior in the water-recovery system; and the 
effect on flotation of such part of the reagent as comes back with reclaimed 
water. Some reagents that have been suggested have unpleasant or dangerous 
physiological effects, e.g., amyl acetate, valerianic acid, hydrogen sulphide, 
sulphur dioxide, and alkaline cyanides. This fact must be given due weight. 

When a new reagent is proposed to be used in combination with old reagents 
the laboratory investigation should include parallel runs in which every eon- 


Art. 11. FLOTATION 1229 


dition is the same except that in one run the proposed new reagent is present 
and in the other it is absent. A considerable number of reagents have been 
patented that will not stand this test. 

Testing flotation processes involves no different principles, in so far as 
determining suitability for mill operation is concerned, from those already 


_ outlined. If the process is a new one, it is well to bear in mind that the 


inventor may know little about it himself and that, unfortunately, he does not. 
always put all of that little into his patent. As a result the early trials 
may be a succession of failures. The history of the agitation-froth process 
typifies the first contingency. The discovery was made in treating high-grade 
zine-bearing tailing in Australia. Great difficulty was encountered five years 
later in applying the process to Butte zine ores, and its subsequent applica- 
tion to low-grade copper ores was established as the result of literally thou- 
sands of trials by mill operators in the face of statements by representatives 
of the patentees that their process was not suited to the treatment of such ores. 

When testing is directed toward establishment of the physical and chemical 
phenomena underlying a flotation process, actual operation of the process is 
of little avail. The essential phenomena involved lie in the field of molecular 
physics and chemistry, and, in the operation of the complete process, are so 
complex and masked that it is impossible to segregate and observe them. Such 
testing requires resources both of equipment and personnel different from those 
available at a plant laboratory. The experiments usually bear but little 
apparent resemblance to the process. The danger to guard against is that of 
overlooking, in a simple experiment that involves only one of the elements, 
the effect of the simultaneous action of the other elements. 

Oil testing. The usual purpose of oil testing in flotation work is to deter- 
mine that the oil in question is similar in physical properties and, therefore, 
probably in its behavior in the flotation cell to a given prior shipment, or in 
order to set specifications for flotation oil purchase. For details see Manua\ 
of flotation processes. For results of testson a number of oils see Sec. 12, 
Tables 15 and 16. 

Interpretation of flotation-test results. Translation of laboratory resulta 
into terms of mill-scale operations is, in the usual case, less difficult in flotation 
than in gravity concentration, and in all cases more certain than where chem- 
ical reactions such as occur in leaching and precipitation operations are con- 
cerned. Any flotation result that can be obtained in a laboratory machine 
can be obtained in mill operation, if the essential laboratory conditions are 
duplicated. The converse of this statement is also true, except that the mill- 
sized machine is capable of handling a somewhat coarser feed than can be 
handled in the laboratory machine. Considering the essential elements of 
pulp treatment in detail, the translation from laboratory results to mill results 
will be as follows: 

Average size of feed may be slightly coarser in the mill than in the labora- 
tory or, if the grinding in the mill is carried to the same extent as in the labora- 
tory, a somewhat better result, other conditions being equal, may be expected 
in the mill than in the laboratory. 

Water may make a considerable difference between laboratory results and 
mill results and this difference may be either in favor of or to the detriment of 
the mill. The former will ordinarily be the case if a portion of the mill water 
is reclaimed and reused. Under these circumstances it will ordinarily be found 
that the flotation agent brought back by the mill water will lessen, to a con- 
siderable extent, the amount of new flotation agent that it is necessary to add, 


30 TESTING Sec. 22. 


and that froth will be more easily obtained with this reclaimed water mixed in. 
If, however, there is any considerable amount of soluble salts in the ore, or if 
the settling ponds are of considerable area and in an arid region and there is 
any considerable amount of dissolved solids in the new water, then the salts 
in the water may have a harmful effect on flotation. 

Flotation agents in the mill will be the same as in the laboratory except 
that it will generally be possible in the mill to lessen, to some extent, the pro- 
portion of so-called frothing oil in the mixture. 

The peripheral speed of the agitators in agitation-type machines may, in 
general, be somewhat less in the mill than in the laboratory. 

The air consumption per cubic foot of pulp treated in pneumatic machines 
will usually be less in the mill than in the laboratory. The pressure on the 
under side of the blanket will be necessarily highér in the mill machine than in 
the laboratory machines described, on account of the greater head on the pulp 
side of the blanket. 

. Time of treatment necessary in the mill will be very closely the same for a 
given recovery and grade of concentrate as in the laboratory. The grade of 
final concentrate obtained in the mill will be close to that obtained in the 
laboratory. The recovery will come close to the indicated extraction calcu- 
lated by the formula (10), p. 1236, from laboratory results, if, in the 
calculation, the figure for grade of concentrate is that obtained from the 
cleaner operation, the figure for rougher tailing is that obtained from the 
rougher operation, and the middling or cleaner tailing obtained in the labora- 
tory is disregarded, provided that the grade of this middling product is not 
more than twice the grade of the original heads, and that the mineralogical 


character of the middling is not markedly different from that of the original 
feed. 


Table 15 (56 A 676) shows comparison between laboratory tests and mill results. The 
first three columns compare mill results and two different laboratory results in miniature 


Table 15. Comparison of laboratory tests with large-scale operations, Consolidated 
Nevada-Utah Corporation 


Miniature 
Miniature | machine Minune 
machine on| results 5-ton lt 
Mill results feed, with head | laboratory ae 
August 14,|August 14,| sample test of ragnt - 
1916 | 1916, Salt | and mine | April 15, |q,) 7-015 
Lake City water, 1916 fasted ry 
water August 14, 
1916 
Assay of feed, Zn per cent... .. 17.20 17.56 17.56 17.54 17.53 
Assay of total zinc concentrates, 
Zi Mer Cente seaveh dpe ae Ws 41.80 40.48 40.17 42.41 41.91 
Assay of total tailing, Zn per 
COM GC eer errs see at re ie 5.60 4.89 4.89 3.64 4.71 
Ratio of concentration. . WL ROL 2.91 2.81 2.87 2.94 
Recovery of Zn in zine con- 
CONGEAL Oe tie heg ee ae Ro 77.80 78.58 79.07 84.12 81.48 
Assay of all table zine concen- 
trate, Zn per cent.. acca 42.60 40.63 40.63 41.32 41.77 
Assay of flotation zine con- 
centrate, Zn per cent.. te 37.00 39.80 38.52 46.77 43.19 
Assay of zinc in total arate con- 
centrate, Zn per cent....... 10.10 TSO. MY eects fet ae 12.88 10.06 
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machines on the same material. The last two columns compare miniature-machine (1000- 
gm.) results with 5-ton laboratory-machine results on the same sample. The discrepancy 
between the April and August tests is no more than is to be expected from different lots of 
ore, and the difference in miniature results on the two dates compared with difference be- 
tween miniature results and larger-scale results on the same date, indicates that the dis- 
crepancy on the different dates is rather due to the ore than to the difference in scale of 
operation. 


Mill tests. It cannot be too strongly urged that before a mill is erected, 
some testing work be done on mill-sized flotation machinery. This work 


should be done in a test mill at the mine, on ore whose prior handling corre- 
sponds as closely as possible with the scheme to be followed in the finished 


| mill, and the water used should be as near as possible of the character of the 


water that is to be used in the operating plant. If such a test does no more than 
confirm the laboratory results, it will pay for itself in the information that it 
gives concerning mill operation on the ore and it may be that the test will 


_ bring up conditions which were overlooked in the laboratory testing work. 


Some of the equipment used in such a test can ordinarily be utilized in the 
final plant so that it need not all be charged against the testing work. 

At Uran Copper Co. (Nov. 29, 1916) with Janney mechanical-air cells in the mill, 
a sample of mill pulp was taken and tested in the laboratory Janney mechanical machine. 


The mill machines averaged 0.120 per cent. Cu for the day, the laboratory-machine rougher 
tailing was 0.130 per cent. Cleaner concentrate was about 26 per cent. Cu in both places. 


12. Magnetic and electrostatic concentration 


For small-scale tests for permeability, to remove iron introduced in grind- 
ing small samples, or to remove magnetite from pan concentrate and the like, 
a small electromagnet such as that shown in Fig. 29 is satisfactory. 


1x14" 
bar iron | 
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A: Girt 
oo SS 
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y PN 1s 
Kens ien| ai 
8 
Fia. 29.—Electromagnet for labora- Fra. 30.—Laboratory-size Wetherill 
tory testing (after Richards). separator. 


Cores and pole-pieces should be made of soft iron. According to Richards, the magnet 
shown, when wound with 5000 ft. of No. 21 cotton-covered copper wire on each pole, making 
a total of 6760 turns, carries a maximum of 0.8 amp. at 50 volts without undue heating. 
For continuous tests Richards recommends the small Wetherill-type machine shown in 
Fig. 30. Each magnet carries 100,000 ampere turns and with proper rheostat control can 
be used to treat minerals of both low and high permeability. 


Electrostatic machine for laboratory testing is made by Huff Electrostatic 
Separator Co. to sell at about $1500. This apparatus is not justified in the 
ordinary testing laboratory. 

Hydrometallurgy. See Sec. 15. 
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Sample dryers. A useful form for large samples is shown in Fig. 31. It 
consists of a large 3-walled rectangular pan with a steam chamber for a bottom, 


saber r all mounted on a suitable 
Fpeecseae eer framework at a convenient 
Bia 1218 Steel bloch distance from the floor. The 
elon 0 between upperand steam drying rack (Fig. 32) 
a tea K lower plates 
am 


drain pipe H 


and gas dryer (Fig. 33) are 
suitable for smaller samples. 
Continuous 13412 bar, forming thefoursides An enclosing cupboard with 
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13. Ore-dressing laboratory 


General. The most de- 
sirable arrangement is a 
separate building with rail- 
road spur for delivery of 
heavy machinery and ore 
samples and river, storm- 
sewer connection or the like 
for disposal of finely ground waste. The spur track should preferably ap- 
proach the building at a sufficient elevation to permit gravity unloading of 
bulk-ore samples into a veel etaeabine 
receiving bin and the un- ie cone ee 
loading platform should 
be served by a crane that 
serves the milling room 


also. The building prop- | es gah 
er should consist of a ; 5 dia feed pipe 
large milling room and a 7"Dia Pipes 7 
ns : ‘ All angles, tp x12 
number of small rooms Plan of rack with coils in place. All straps gs 
for microscopic work, as- All rivets, -2"dia. 
I 


saying, flotation testing, 
screen analysis, shop, 
small-sample storage, 
junk pile, ete. The best 
arrangement for the mill- 
ing room is a large light 
room with high roof, pref- 
erably having, at one 
end or side, a strong 
skeleton framework with 
three or four floors at 
8- to 10-ft. intervals, 
stepped back sufficiently 
to permit ready crane . 
delivery, and a gallery Fic. 32.—Steam drying rack. 

around the rest of the room. The whole room should be crane-served. AI 
but the heaviest apparatus should be set up as a self-contained portabl 
unit, capable of being picked up by the crane and set down in the desired posi 
tion on the floor or on the skeleton frame for use, and thereafter returnec 


Front elevation. Side elevation. 
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| to a place on the gallery for storage. 


_ ton frame and a battery of centrif- 
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The feed bins should discharge by 
feeders to a screen, oversize to a jaw crusher, undersize and crusher product 
to a conveyor and thence to a screen, oversize to a gyratory, undersize and 


_ crusher product to a conveyor to a screen, oversize to rolls, undersize and roll 
| product to a bucket elevator to another screen returning oversize to the rolls 
- and undersize to a compartmented fine-ore storage bin. 


The ideal condition 
would be to have each of the preceding crushers and screens so placed that it 


| may be picked up and set down in the main milling room for individual test, 
| but if this is not possible the arrangement must be such that each crusher is 


capable of individual test for capacity, power consumption and size of feed 
and product. There should be a bucket elevator in the main milling room 
delivering to the top of the skele- 


circuit grinding, if in permanent 


; : Ri 
_ugal pumps piped to deliver to Ngan ad 
| any desired level of this frame. Shelves of in of 1x1 xg-in 
Ay a Transite restin S les. C 
The fine-ore storage bins should = (ivi, foe, = ane oe 
be arranged for delivery to the ie ok Transite. 
elevator boot or to a rod or ball Me Swing doors on 
| mill and the latter should, of = jront. 


course, be arranged for closed- 


2-in pipe drilled with;g-in. holes @ 1-in. centers,along 
two elements at 1203 made up with valve and 


locations, with finished product Bunsen fitting at one end and cap at other. 
going to one of the centrifugal ¥ Bee 
pumps. Set-ups for substantially 1G BOOS ar yer. 


any concentration or hydrometallurgical process with gravity flow of pulp 
can be made on the skeleton framework. ‘This framework should be floored 


| with removable slatted wooden sections about 2 ft. wide by 5 ft. long 


built up’ of 2 xX 4in. yellow pine. A dust-collecting system with suitable 
inlets at each permanent dry-crushing or screening-location and a service 
line into which temporary inlets may be connected is desirable although 
not essential. There should be a large sump in the floor of the main room, 
toward which the floor drains from all directions, with sufficient capacity to 


hold all excess water from a one- or two-hour concentrating run involving wet 
screening, hydraulic classification, jigging and tabling. 


The sump should 
discharge to waste by gravity either from bottom outlets or by decantation. 


_A centrifugal pump should be provided to return water from the sump to the 


water-feed tank. This should be a tank about 6-ft. diameter by 6 ft. deep, 
located at the highest point of the laboratory, fed by the new-water system and 
by the sump pump, discharged into the laboratory-supply line by an outlet 


placed about 6 in. above the bottom, and having an overflow pipe of generous 


dimensions returning to the sump, a 1-in. tell-tale line returning with the 
overflow, and a small drain line from the center of a slightly-dished bottom. 
The water line from this supply tank should be of 3- or 4-in. diameter running 


around the walls of the laboratory, with permanent branch lines at strategic 


points and numerous plugged tees and valved outlets, a part of which should 


be fitted with 34-in. and others with 11-in. male hose bibbs. There should be 
a half dozen or more portable cylindrical tanks, 6- and 8-ft. diameter by 2 ft. 
high, of heavy galvanized-iron sheet, fitted with several 114-in. outlets through 
floor flanges at one place on the rim and one such opening on the wall at the 
bottom. These are useful for collecting and dewatering sand products, 
or for holding dewatered slimes, and to keep solid matter out of the 


sump. 
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Cleaning up. All apparatus should be capable of complete and ready 
clean-up. Detail of the necessary arrangement to secure this end will vary 
with different apparatus, but in general all tanks and hoppers should have 
sloping bottoms where possible, al! machines should be so placed that the 
material left-in-process can be washed or brushed into receptacles set under 
them, and all apparatus should be so designed that the amount of material 
left therein at the end of the run is a minimum. 


Sampling and weighing equipment. Mechanical sampler for dry ore. Platform scales 
weighing in metric and common units to about 1000 lb., accurate to 0.5 lb. Druggist’s 
trip scale weighing in metric and,common units to 10 lb. with slide scale graduated to 10 gm. 
and 1{ oz., sensitive to 0.6 gm. Pulp balance weighing to 250 gm. and sensitive to 0.1 gm. 
Analytical balance. Suitable weights for the preceding. Square-edge D-handle shovels. 
Cross for cone-and-quarter sampling. Jones riffle with about 16 @ 1-in. chutes and another 
with about 16 @ 0.5-in. chutes. (The riffles should have an even number of chutes.) Gal- 
vanized ash cans, coal hods and pails. A cement sampling floor free from cracks or two 
@ %-in. steel sheets about 6 X 6 ft. Floor brush. Coffee mill. _ Dise pulverizer. 

Assay laboratory with full equipment of apparatus and reagents for both wet and dry 
assaying. See a good book on assaying (p. 1181) for a check list. There should be gas-fired 
pot and muffle furnaces that will serve also as roasting furnaces for testing in magnetic 
concentration and hydrometallurgical work. , 

Microscope equipment. Hand lens, 10X to15xX. Binocular microscope with inter- 
changeable open-foot and stage mounting, 25-, 40- and 55-mm. objectives and 6 X and 10 X 
oculars. Petrographic microscope. Metallurgical microscope. Grinding and polishing 
laps. Mounting equipment. Apparatus and chemicals for microchemical work. See 
Chamot, Murdock, Davy and Farnham, Johannsen, p. 1192. 

Equipment for sizing tests. Set of 8-in. Tyler standard sieve-scale testing screens to 
1/2 ratio up to 1.050 in. (see Table 1) and square-mesh wire screens in wooden frames 
about 18-in. square on approximately 1/2 scale from 1.05-in. to 4-in. Testing-sieve shaker. 
Sample pans, 2, 4, 6, 8 and 12 in. diameter (patty tins and pudding tins will serve). 
Scoops. Counter brushes. Round assay-button brushes. 1-in. flat camel’s-hair brushes. 
Glazed paper. Paper bags and sample envelopes. Eye-piece and stage micrometers for 
the microscopes (see Microscopic sizing, Art. 4). Elutriation apparatus (see Art. 2). 

Crushing equipment. Jaw crusher, Blake type; about 10 X 7 in. No. O gyratory 
crusher (see Sec. 3, Table 12). Crushing rolls, 12 to 16 X 10-in. Ball mill, not less than 
4-ft. diameter, if feed is to be more than \4-in. maximum size; in no case less than 3-ft. 
diameter. Rod mill, preferably 24-in. diameter by 5 or 6 ft. long. This can also be used 
as a tube mill. Batch ball or pebble mill. The large crushing and grinding machines 
should be driven in such a way that reasonably accurate power readings can be obtained. 

Grading equipment. Vibrating screen with good assortment of screen cloth. Glass 
classifiers, both free- and hindered-settling. Tank-type laboratory-size hindered-settling 
classifier. Mechanical classifiers of suitable size for the ball and rod mills. Diaphragm 
cones for feeding concentrating tables. 6 X 6-ft. Dorr thickener with diaphragm-pump 
discharge. Filter leaf. Drying rack. 

Concentrators. Hand-jig sieves. Gold pan. Vanning plaque. Galvanized wash 
tubs. Laboratory-size Harz jig. Small shaking table (12 X 30-in. deck) with interchange- 
able decks and Wilfley, Garfield and Butchart riffing. Quarter-size shaking tables for 
sands. Slime table. Experimental film sizer. Miniature agitation-froth and pneumatic 
flotation machines. Larger flotation machines of about 14 ton per hr. capacity. Blower. 
Electro-magnet. Dry-separating table. 

Handling equipment. Trucks, conveyors, elevators for dry material and centrifugal 
pumps for fine wet material. 

Feeders. Bins should be provided with automatic feeders with variable-speed control 
and movement-recording apparatus. Belt feeders with ratchet-and-pawl drive and revo- 
lution counters on the head shaft are most satisfactory. Self-contained portable vibrating 
or shaking-tray feeders mounted with small feed hoppers are best for feeding individual 
machines with dry or moist sands. An inclined trough along which a weighed quantity 
of dry or moist sand or slime is uniformly spread and from which a given length (weight) 
of charge is washed out per minute with a constant stream of water is the most satisfactory 
wet feeder for the laboratory. Travel of the feed-water stream may be made automatic 
by mounting the nozzle on a mechanically-driven screw. 

Miscellaneous. Good equipment of tools for simple carpentry, plumbing, tin-smithing 
and machine work. Racks for storage of material and small samples. Room for barrel 
or bin storage of larger samples. Room for a junk pile. 
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14. Metallurgical calculations 


Computations of performance in milling are complicated by the fact that 
it is a continuous rather than a batch operation, that the quantities of solid 
materials handled are large and usually mixed with water, hence difficult or 


_ impossible to weigh. Fortunately it is possible to determine many facts con- 


cerning performance without knowing weights, if the value of various con- 
stituents is known in some common unit, e.g., the content of some particular 
metal or mineral, or of water, or of particles of a particular size or falling within 
some particular size range, or the like. Metal content may be expressed in 
per cent. by weight or volume, or in units of weight as oz. per ton, or even in ~ 
units of value, as in dollars per ton, provided, in the latter case, that the value 
is in direct proportion to the metal content and not an artificial value depend- 
ent both upon metal content and lack of other content, as is frequently the 
case in valuation of concentrate. 


Definitions and notation. The following notation and definitions obtain throughout all 
of the calculations. 

C = weight of concentrate, expressed in any units, but necessarily in the same units 
as fF. CONCENTRATE may be defined, for the purpose of these calculations, as any 
product of the treatment of a given feed that is richer in content of a given ingredient than 
the feed. 

c = Assay of concentrate. See notes to f. 

Ca, Cb; Cc. See notes to fq, substituting the word ‘‘concentrate’’ for ‘‘feed.”’ 

E = errictency. This term is usually applied to a two-product classifier operation. 
So applied, it indicates the ratio of the weight of classified material in the overflow to the 
weight of classifiable material in the feed. See development of formula (38) for further 
discussion. 

F = weight of feed. This may be expressed in any units. The word rrEep applies to 
the material entering treatment in any machine or operation, e.g., the ore entering a treat- 
ment plant, or the material entering an individual machine. 

f = assay of feed. As stated in the introductory paragraph, this assay may be given 
in any units, e.g., per cent. Pb, oz. gold per ton, lb. Cu per ton; dollars per ton, when the 
value is directly proportional to the weight of a given constituent, say gold or silver, but 
not when the value is the combined value of the gold and silver, unless the ratio of weight 
of gold to silver is the same in all products as in the feed; per cent. — 1-mm. material, 
per cent. moisture, per cent. ash (in coal), ete. 

fa, fo, fe, ete. When the feed contains more than one ingredient of value, assays are 
made for each, and these are expressed separately in the formulas, distinguished by the 
subscripts. Thus, in an ore containing zinc, lead, and silver, fg might be chosen to represent 
the per cent. zinc in the feed, fp the per cent. lead, and f; the oz. silver per ton of feed. 

K = RATIO OF CONCENTRATION. This term is defined as the ratio of the weight of the 
feed in a given operation to the weight of concentrate obtained from it; or, stated another 
way, as the number of tons of feed required to produce one ton of concentrate. 

M = weight of middling, expressed in any unit, but necessarily in the same unit as 
F. Mrpp.utna is defined, for the purpose of these calculations, as that product of the treat- 
ment of a given feed whose content of a given ingredient lies between: that of the tailing 
and that of the concentrate. 

m = assay of middling. See notes to f. 

mq, Mp, Mc. See notes to fq, substituting the word “middling”’ for ‘‘feed.”’ 

R. Recovery is the ratio, expressed as percentage, of the weight of the sought-for 
ingredient, in the finished product of a given operation, to the weight of the same ingre- 
dient in the material entering the operation. Thus if there are 20 lb. of copper per ton in 
the material entering a given mill and 19 lb. are obtained in the form of concentrate from 
each ton entering, the recovery, R = 19/20 = 95 per cent. 

The terms EXTRACTION, INDICATED EXTRACTION, ESTIMATED EXTRACTION and ACTUAL 
EXTRACTION are sometimes used to indicate recovery. The terminology is so confused 
that the meaning of none of the terms can be safely assumed without indication of the method 
of determination. Some writers have attempted to distinguish between extraction and 
recovery, making the former term mean the value of FR as calculated from assays of feed 
and products (see Formulas 10, 24, 34 and 35) while recovery indicates the ratio of the 
weight of metal in concentrate actually recovered (S actual weight of concentrate x 
assay of concentrate) to the actual weight of metal in the feed (= actual weight of feed 


AY 
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X assay of feed). Other writers use the term indicated extraction or estimated extrac- 
tion to signify R from assays alone and actual extraction to signify the percentage of 
the total metal fed that is actually recovered in concentrate. In this book the word 
recovery is used generally to describe the result by either method of calculation and the 
term ACTUAL RECOVERY to distinguish, when necessary, the case in which calculation is 
based on actual weights. 

T = weight of tailing, expressed in any unit, but necessarily in the same unit as F. 
Taruine is defined, for the purpose of these calculations, as that product of the treatment 
of a given feed which is distinctly impoverished in content of a given ingredient as com- 
pared to the feed. 

t = assay of tailing. See notes to f. 

ta, tp, tc. See notes to fg, substituting the word “‘tailing”’ for “‘feed.” 


15. Two-product formulas 


The simplest case is that in which two products only, viz.: concentrate 
and tailing, are made from the treatment of a given feed. Under such circum- 
stances: 


Me nisl guimolot ott |. woismon. Baw ep shecsuentl) 
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Multiply equation (1) by ¢, eliminate 7, and 
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By definition, K = F/C, whence, from equation (3), 
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By definition, R = 100Cc/Ff, whence from equation (3), 
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16. Three products, one metal 


When three products are made and assays are reported in terms of one 
ingredient only, if no weights are known, determinations of recovery and 
ratio of concentration are strictly indeterminate problems. If enough is 
known with respect to the performance of the ore to justify an assumption 
as to the effect of middling re-treatment on the assays of final concentrate and 
tailing, correction of concentrate and tailing assays may be made on the basis 
of the assumption, and the preceding formulas may then be applied. For 
an example, see Art. 7. If the assumption be made that re-treatment of mid- 
dling will result in distribution of the same into concentrate and tailing of the 
same assays as the corresponding products made in the operation that pro- 


I Eliminating Y, 
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duced the middling, then if X and Y represent the final weights of concentrate 
and tailing respectively from the original and re-treatment operations, 


COP sane X oP ons see petro b(RY) 
and 
Cosh Mane Tins XeshiYie lie ho belearel (12) 


xX =([Cle-—t) + M(m—d]/(e-t) . . . . . (18) 
and 


Y=1-X=[(c -—)1-—C) —-M(im-d\V//c—-t). .-. (14) 


Equations (3) and (5) will, however, give the same result. 

If two of the weights F, C, M, T are known in addition to the assays, the 
other weights and the recovery and ratio of concentration may be calculated 
by manipulation of the two following equations: 


eC Mea ee ee (15), sandasalifi—sCe eMart... (1G) 
The resulting equations are: 


_FG-)-M(m—t) _ Tm—t)—F(m—f) _TS-)-M(m—f)_ 


¢ (c —t) (¢c — m) (c —f) 3 (17) 
Th =) C—O AF Cafe) Lf apaCe sf). 
ie (m —1t) ie (¢ — m) 17 (m —f) p+ (18) 
FP Cee—)+M(m—1t) Tm—-t)—Clee—m)_ M(c—m)+T(c-t). 19) 
= (f—) rt Cia pone (=f) oe 
Oe ee C(c—f)+M(m—f) (20) 
ia (m — t) S (ct) . Cie) 
edits Mm — Tt 
ee es ial va 
f —Cc — Mm 
ie Tangs yer (23) 
c(f —t)  Mc(m —t) & cim—f) Te(m —1) 
Bir, 100 Re Si) FAC) | ts 100 Fe =m) ~ Ffle — =i 
Tt Ce(f — t) + Mm(f — t) 
#100 (045) = 00 ean tM =O i ie 
F(c — 1) F(c — m) 
& = FG —4) — M(m—t)  T(m—t) — F(m —f) 
C(c — t) + M(m —t) (25) 


CF =) EMS —D 

Other equations for K and R may be written by manipulation of equations 15 to 20, 

but the simpler procedure is to solve for weights of feed and concentrate, after which solv- 
tions of K and # are obtainable from the definition equations, 
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17. Three-product formulas 


(For 3-product formulas involving one ingredient only, see Art. 16.) When 
a feed containing, say, metal ‘‘a”’ and metal ‘‘b”’ is so treated as to make three 
products, e.g., concentrate rich in metal “‘a,” another concentrate (or middling) 
rich in metal “‘b,” and a tailing impoverished in both ‘‘a” and ‘“‘b,”’ equations 
may be written that express the recoveries and ratios of concentration in terms 
of assays alone, and the weights of the different products in terms of assays 
and the weight of the feed. 


Thus: : 
PF = ¢ ae M ar Ls aE eae ee) See hs VTS ote Dy: (26) 
ofa =e Cita Hs Viti pel taste lane i oll area (2g) 
Ffy a Ccpy +. Mm, + Ltr eg) les, | teeeetene e (28) 


Then, from the solution of these simultaneous equations (most readily made 
by the method of determinants), 


— e| ue — Ma)(my — to) — (fo — mo)(ma — 1, 9) 


(Ca — Ma)(my —'ty) — (cy — Mb) (ma — ta) 


= a (Co == tha) Gib = tp) = (cp ib) ha —_ ta) | 


(Gy) — ma) (my —8) Ney — ms)(mg 2 EY °° OY 


T= |e — ™Ma)(mo — fo) — {co — mv) (ma 4] 


(ca — ma)(ms — ts) — (co — mo) (mg — ta) |? °° (31) 


where C = weight of concentrate rich in metal “a”? and M = weight of con- 
centrate rich in metal “b.”’ 


Ratio of concentration with respect to metal “a” is, by definition, 
Kq = F/C. Substituting in this equation the value of C from equation (29): 


a (Ca — Ma)(msy — to) = (ch — mp) (Me — ta) 


BA Gs = making ti) <5 Cs = agi Lye ee 


Similarly, Ky = F/M, and from equation (30): 


oo (ca = ™a)(my — to) — (cy — ms) (ma — ta) 


(ca —fa)(fo — to) — (co — fo)(fa — ta) = gud  & (33) 


Recovery of metal “a” in C is given by the equation R, = 100 Cog /ifes 
Substituting in this equation the value of C from equation (29) 


pe 100 cal(fa — ma) (ms — te) — (fo — ms) (ma — ta)] 
fal(ca — Ma)(mp — ty) — (cy — my) (Me — ta)] tt. (Sa 


Similarly, Ry = 100 Mm»/Ff, and from equation (30) 


st 100 mel (ca — fa)(fo — te) — (co — fo) (fa — ta)] 
fol(ca Sil Ma) (mp = ty) _ (cp — mp) (mq = ta)| SER, (35) 
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Instead of working from the formulas, the weights of the products may be 
solved for by writing equations (26), (27) and (28) with the assay values writ- 
ten in and solving directly by determinants, 


Example. Given assays ag follows: Feed, 7.7 per cent. Pb and 11.9 per cent. Zn; 


lead concentrate, 50 per cent. Pb and 5 per cent. Zn; zine concentrate, 50 per cent. Zn 


and 10 per cent. Pb; tailing, 1 per cent. Pb and 2 per cent. Zn. Write three simultaneous 
equations as follows: 


Weights: F=C+M+T (C =leadconc., M = zinc conc.) 
Lead assays: 7.7 F =50C+10M+T7 
Zinc assays: 119 F=5C+ 50M + 27 


1 HTL 
Coach: Kea | 2.3 -9 
11.9 50 2 38.1 —48 232.5 
C= = = = 0.10. 
1 pay —40 9 2325 
50 10: 1 45 —48 
5 50 2 
Similarly write and solve the determinant for M: 
1 i Ae 
(at. S0Ea81 42.3 —49 
11.9. ao? — 6.9 —3 —465 
M= = 2 0.20. 
1 it 6a) 40 — 2525 
10 50) yl —45 —3 
50 D2 
Since F = 1, T = 1 — (0.10 + 0.20) = 0.7 
0.1 X 50 
Recovery of lead in lead concentrate = 1X77 = 64.9 per cent. 
ee OF X0- Ft ; 
Recovery of zine in zine concentrate = 1x 119 ~ per cent. 


Ratio of concentration: lead = F/C=1/0.1=10; zine =F/M=1/0.2=5. 


18. N-product formulas 


When any number of products, say n, are made, formulas giving the 
weights of each in terms of the weight of feed, the recovery, and the ratio of 
concentration, may be written by the method illustrated in the preceding 
article, and these formulas may be solved provided accurate assays of the feed 
and all of the products are given in n — 1 independent ways. The formulas, 
however, become so long and involved that it is usually simpler to write the 
simultaneous equations with the numerical values inserted and solve for the 
percentage weights by determinants, as illustrated in the preceding paragraph. 
Thus for four products C, S, M, 7 whose corresponding assays in three metals 
a, b and ¢ are Ca, Cb, Cc} Say Sby Sc} Ma, Mb, Me; ta, to, te; made from a feed F 
whose assay is fa, fo, fe, the formula for C is 


(Se —te) (Ma —fa) (ts —ms) — (ta —Ma) (Se —te) (mo =fi) 
+ (ms —fo) (te —Mc) (Sa —ta) — (Ma —fa) (te —Me) (Sb —tp) 
+ (ta —Ma) (8p —to) (me —fc) — (to — Mv) (Sa —ta) (Me — fo) 


| (sc—te) (Ma —Ca) (to — mp) — (ta —Ma) (Se —te) (Mb — Cb) 


(38) 


- + (ms — Cp) (te — Mc) (Sa — ta) — (Ma — Ca) (be —Mc) (sp —te) 
+ (ta —Ma) (85 — te) (111¢ — Ce) — (to — Mv) (Sa ta) (Me — Ce) 
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The formulas for S, M and T may be written from equation (36) by symmetry, 
e.g. S = F[X/Y] in which X is obtained from the numerator of (36) by sub- 
stituting f for s, wherever the latter appears and substituting c in place of f. 
Thus the first term of the numerator becomes (f, — t)(ma — Ca) (te — ms). 

By similar substitution, the first term in the formula for M, is (s¢ — te) 


(fa — Ca) (te — fo), and for T it is (se — fc) (Mma — Ca) (fo — ms). Y is the same 
as the denominator of equation (36) in all cases. 


Example of the use of determinants for a 4-product problem follows: Given assays as in 
Table 16, write the equations in the following torm: 


Table 16. Specimen assays for 4-product determinant solution 
Per cent. | Per cent. | Per cent. 
Pb Zn Cu 
Heedi ese SE eee (are | Se h 2.26 
Lead concentrate... /:....... 60 1 1 
Zine concentrate............ 1 40 1 
Copper concentrate......... 2 2 10 
i DEST CTY Spats ot ee ae 1 2 0.1 
Weed Lead Zine Copper Tniline 
conc. cone. conc. 
Weight equation: F = G aa S + M + 7 
Lead equation: ee = 60 C + S + 2M -t T 
Zine equation out # = ¢ + 40S + 2M + 27 
Copper equation: 2.26 F = C + S + 10 M@ = SOs 
Then 
1 1 i ie | 
verge | 1 ee a | —6.1 1-1 
5.740 “2 2 34.3 -—38 0 197.5 —38 
2.26 1 LOLON —1.26 9 -9.9 —53.64—0.9 2216.07 
Cs a 5 “agate tins: 1° 
COR J eo —59 ae 2203 —38 | ne 
COD ge gla meee L 39 —38 0 —531 -06.9] 
1 40 2 2 0 9 -9.9 
1 120) 0i1 


Similarly S = 0.10, M = 0.20 and 7 = 0.60. From these values the 
recovery of each metal in its respective concentrate and the respective ratios 
of concentration may be written. 

Limitations of multi-product formulas. The formulas above given are 
theoretically correct, but the accuracy of the answers that they give is, of 
course, wholly dependent upon the accuracy of the sampling and assaying. 
The formulas for two-product treatment are not particularly sensitive to small 
errors in data or calculation, hence recovery and weight of concentrate should 
check smelter returns (or their equivalent). If they do not check, mill opera- 
tion should be examined for spills, losses, hold-backs as in tanks, etc., and 
shipping and smelter sampling should be carefully analyzed. 

The formulas for three or more products are more sensitive to small errors 
both in data and calculation, especially when one of the products is of rela- 
tively small weight and low assay. 


Fry (114 J 493) cites an example of the effect of such errors. His actual assays and 
assumed erroneous assays together with weights of products calculated from both by deter- 
minants, using the four possible equations three at a time, are shown in Table 17, The 


Art. 18. N-PRODUCT FORMULAS 1241 


Table 17. Possible effect of small errors in assaying and sampling on calculated weights 
in 3-product concentration. (Assays from Fry, 114 J 493) 


Calculated weights, per cent., 


Pb, Zn, Ag, Data used(a) 
per per | ounces 
cent. cent. | per ton 
WLZ WLS WZS LZS 
Actual assays: 
Peed VeL ryt Teas 11.34 | 31.85 13/2 100.69 | 100.4 100.0 102.84 
Lead concentrate...... 21.4 9.1 2521 39.93 40.4 40.0 39.74 
Zinc concentrate...... 5.4 56.2 6.2 50.9 50.0 50.0 49.68 
Lip Wi DWE tees me neti ah ol pete 0.8 he 0.6 9.86 10.0 10.0 13.42 
Possible erroneous assays: 
Beda saad. «<6 SE 1163 31.8 13.3 99:93 |PLOOKOT#:| SAW02, AS. as 
Lead concentrate...... Dies 9.0 25.0 89.93 12s 1%s| re pkerrits. ees 23 
Zine concentrate...... 5.4 56.0 6.3 50.2 LPP ASIA all | Aety Oase 8 (RARE oS 
“TET oe ree, te eee 0.7 1.0 0.7 QE See ae Sago alten ee als as Mere 


a W weight equation. L Lead equation. Z Zinc equation. S Silver equation. 


calculated weight of feed in the columns whose heading contains the letter W (which indi- 
cates that one of the simultaneous equations was F =L + Z + T) should, of course, be 
100.0. The difference is due to slide-rule discrepancies, which, in some cases may become 
very important. The difference between the calculated weight and 100 in the last column 
measures the effect of both assays and slide rule. It will be noted that the errors that Fry 
assumed made but little 
difference in calculated 
weights in the case where 45 
the silver assay was not 
used, but that impossible 
results were obtained when 
the erroneous silver assays 
were included in the cal- 
culation. 

Graphical solution. 
Fig. 34 shows a method, 
proposed by Fry, for a 
graphical solution designed 
to point out inaccuracies 
in sampling and assaying 30 
and at the same time aver~ Se Pl Sey rey Lp CS TT RR FR LOPS Lr ae 
age them, if they are not Residue, weight per cent. 
too large to be averaged. 

The chart is constructed as Fie. 34.—Graphical solution of 3-product problem. 
follows: Assume two values 

for the weight of tailing 

(7), one less than the probable, the other more. Using these assumed values, e.g., in the 
case of the erroneous assays given, 5 and 15 per cent., write equations in L (weight of 
lead concentrate) as follows: 


> 


& 


weight per cent. 


w 
uo 


yrite-galena concentrate. 


Using the zinc assays, 
31.8 (100) = 9L + 56 (95 — L) + (5) (1), from which L = 45.6. 
31.8 (100) = 9L + 56 (85 — L) + (15) (1), from which L = 33.9. 


Using the lead assays, 
11.3 (100) = 21.3L + 5.4 (95 — L) + 5 (0.7) from which L = 38.6. 
11.3 (100) = 21.30 + 5.4 (85 — L) + 15 (0.7) from which L = 41.6. 


Using the silver assays, 
13.3 (100) = 25L + 6.3 (95 — L) + 5 (0.7) from which L = 38.9. 
13.3 (100) = 25L + 6.3 (85 — L) + 15 (0.7) from which L = 41.9, 
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Plot the assumed values of 7 as abscissas and the derived weights of L as 
ordinates and connect the corresponding values with straight lines. Read the 
mean of the two intersections as mean values of L and T. In this case L was 
read off as 40.1 and 7 as 9.65 which gave % (weight of zine concentrate) 50.25 
by difference. 


19. Applications of formulas 


The most usual applications of the formulas are to control the operations 
of individual machines and of the whole mill and to check smelter returns. If 
feed is weighed in automatically and accurate moisture determinations are 
made, the calculated weight of concentrate over a period such as a month 
should check dry weight of concentrate shipped within reasonably close 
limits, and, over a period of a year should check very closely. Discrepancy 
in one direction only should be closely investigated; differences should be 
both positive and negative over a period of time. 

In mills where the feed is not weighed, tailing should be time-sampled. 
Weights of concentrate and tailing may then be calculated and the former 
weight checked against the shipping weight. | 

As indicated in the introductory paragraph, the two-product formuias 
may be applied to investigations of the performance of screens and two- 
product classifiers. (See also Sec. 5, Art. 2.) In these cases the assays 
are usually screen analyses. 'The size split for statement of assays should be 
a screen that gives 5 per cent., or more if possible, as the minimum assay used. 
Ordinarily cumulative percentages on or through the key screen are chosen as 
the assays rather than individual percentages. For another formula for inves- 
tigating classifier performance, see equation (38). 

In laboratory testing three products are usually made, viz.: concentrate, 
middling and tailing. As discussed in Art. 16, some assumption must be 
made with respect to middling distribution, if the two-product formulas are 
to apply. In flotation testing it is ordinarily justifiable to assume that re- 
treatment of middling would not affect primary concentrate or tailing assays, 
but the same assumption cannot ordinarily be made in gravity concentration. 

Efficiency of concentration. It is apparent from inspection of the two- 
product formulas for recovery and ratio of concentration that if all of the feed 
were merely shoveled to one side and called concentrate, the recovery would 
be 100 per cent. The ratio of concentration would be 1, which would, of 
course, tell what had been done. This shows that recovery and ratio of con- 
centration, or, at least, assay of concentrate, must be stated together in order 
that the figures may give a measure of the efficiency of the concentrating 
operation. Several proposals (see Art. 28) have been made to combine the 
numerical values of recovery and ratio of concentration, or ratio of assay of 
concentrate to assay of feed or tailing into one number called an efficiency 
index. Hancock (19 MM 144; 109 J 842) proposes a number derived like 
that for classifier efficiency (#) (Art. 20). No proposal, however, shows a 
logical method of combination or one that has a physical significance that can 
be visualized, Hence it is better to give the two numbers, as is usual. 


20. Formulas for classifier efficiency 


Equation (10) may be, and ordinarily is used, together with equation (9) to 
give an idea of the relative amounts of sand discharge and overflow. Dean 
proposed defining CLASSIFIER EFFICIENCY as the ratio, expressed as percentage, 
of the weight of classified material in the overflow to the weight of classifiable 
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material in the feed. Overflow having the same sizing test as the feed is not 
said to be “classified material.” Thus, if the separating size were 35-mesh 
and 100 tons of classifier feed contained 50 per cent. of —35-mesh material 
while the 50 tons of classifier overflow contained 90 per cent. —35-mesh, the 
5 tons of +35-mesh in the overflow plus 5 tons of —35- mesh would comprise 
10 tons of overflow of the same size composition as the feed. The net classi- 


| fied material in the overflow would, then, be 40 tons and efficiency, H = 


100 < 40/50 = 80 per cent. This can be expressed in terms of assays alone 
as follows: Let 100 — f = per cent. of oversize in feed, and 100 — c = per 


_ cent. of oversize in overflow.. Then actual weight of oversize in overflow 


= (100 — c)C/100, and 


¢ _ (100.= 0c 
* 100-7 = hy See 
{taste Mee a Pe ee ae: gn 
100 


But C/F = (f —t)/(¢c —?). Substituting this value for C/F in equation 
(37), 
100(¢¢ — f)F — 1) 


~ f(100 — f)(e — t)’ 


In the example in the preceding text c = 90, ¢ = 10 and f = 50, whence 
E = 80 per cent. If the finished product contains only desired material, 
z.e., ¢ = 100, this equation becomes the same as the two-product recovery 


formula (10). 


If this formula is used for concentrating operations, assays should be expressed as 
percentages of valuable mineral rather than as percentages of metal, otherwise the opera- 


tion is penalized (i.e., efficiency 


E (38) 


is low) because it does not sepa- Feed; F., f, Feed; f. Se 

rate metal from the chemically- Ef Ref, 

combined elements. Grin coat Classifiers 
Screen efficiency. , pass Sand; T,t Overflow; C.e 

Usual method of determi- Classifier Grinder 

nation is to apply formula [Sandi,Lt Querflow: Ge te 

(10). Formula (38) may A 8 

also be used. a oA ey 

21. Tonnages in milling eid : B: f 
circuits Crusher ore ; 
| E,f, Oversize, T,t Undersize; C,c 

Tonnages may frequent- Soreen LE ae 


ly be determined by appli- 
cation of the two-product 
formulas (9) and (10). Fig. 
35 shows four typical closed 
crushing circuits. 


Oversize; Tt Undersize; Cc 


G 


D 


Fic. 35.—Typical closed crushing circuits. 


In Fig. 35, A: K = F,/C = (c —1%)/- —t) from Eq. 9. But C = Fa. 


Hence, F, = Fale — t)/(fe — t) = Fo. 


Y ia EN 6 ie 


And, 
Falor ts 5 Fa(c = fe) 
(fc — t) ie (fe — t) ; 


Algo fy = (Fafa + Tt)/(Fa + 1). 
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In Fig. 35, B: K = Fp/C = (c —8)/(fo — t) from Eq. 9. But C = Fa, 
hence Fy = Fa(c — t)/(fo — t); and 

Fi(f, —t)  Fole — fo) 

T =F, =Fy-C=Fo- = 


c—t ct 


Pafa + Pefe 74 _ Falfa = fo) 
soto tr al es fa rey 
From inspection of the figure, Fafa + Pefe = Ti + Co. Bue. Pan 
Fa = C, hence T(fe — t) = Fale — fa), and T = Fa(e — fa)/(fe — t). 
Adding C to both sides of the preceding equation, T +C = 
Fale — fa/(fe— 1). eC. But To C= Eeotind .Ci= iF 5 


hence Fy = Fa (“ — Sa + 1). 


fe —t 
By inspection of Fig. 35, B: Fofo = Fafa + Fefe. 
Fale — fadfe 
ja Palat ee “Gao de te 
Dine aan x ay: aes wt i 
Fy F, (< fs 44) fe + Tc 
fo —t 
ie Fale = fart) a Pot 
JC, Fy Ges Fy 3 
fa a +o — OI — Fella 
By equation (10) the value of R in Fig. 35, B, is R = c(fe — t)/folc — 1). 
CUics=at 
Substituting in this equation the value of f,, R = ae 
Cc a 


Tonnages in closed circuits may be estimated from sizing tests of the feed 
and product of a crusher on single pass by reckoning the percentage (r) of 
the original feed weight (a) requiring crushing (¢.e., with fines eliminated) that 
failed to be reduced on the first pass, by means of the formula for the sum of a 
geometric series, viz.: S = a/(l — 71). 

Thus if 100 tons per day feed to a set of rolls contained 30 tons undersize of the limit- 
ing screen, a = 70, and if the product of a single pass showed 65 tons undersize, r = 35/70 
= 0.5, and S (total feed to the rolls per 24 hr.) = 30 + 70/(1 — 0.5) = 170. If the screen 


returns some undersize with the oversize, r must be increased accordingly. For another 
method of calculation, see 112 J 1050, 


22. Formulas involving sorting, roughing, etc. 


The following formulas are useful to determine the monetary saving to be 
expected from sorting, roughing or other treatment in which a finished product, 
either concentrate or tailing, is to be removed in advance of the place that it is 
removed in the treatment scheme taken as standard. 

Removal of concentrate. When the material to be removed is finished 
concentrate, let H and h = weight in tons and assay respectively of original 
feed; P and p = weight in tons and assay respectively of the concentrate 
to be produced by the proposed new operation; M and m = weight in tons 
and assay respectively of the residue from the proposed new operation, 
T = tons of final mill tailing without the new operation, 7” = tons of final 


| Art. 22. FORMULAS IN VOLVING SORTING, ROUGHING, ETC. 1245 


| mill tailing to be produced from M tons of residue from the new operation, 
_ C = tons of mill concentrate under normal operation and C’ = tons of mill 
| concentrate to be produced from M tons of residue from the new operation; 
| cand t = assay respectively of C, C’ and T, T’; V = value in dollars per unit 
_ of metal in concentrate to be produced by the new operation; V’ = value in ° 
dollars per unit of metal in mill concentrate produced by either operation, 


R = cost of new operation in dollars per ton of concentrate produced thereby 
(P); S = cost in dollars per ton of milling H tons of original ore; and S’ = 
cost in dollars per ton of milling M tons of residue from the new operation. 

The assumption that the assays of tailing and concentrate made from original and 
sorted ore would be the same is justified by experience to the effect that relatively small 
changes in the tonnage or assay of mill feed have little effect on the assays of mill products. 
The values assigned to V and V’ should be net and should take full account of penalties, 
freight, smelting charges, etc. 

If the proposed operation is employed, the net return from P tons of con- 
centrate so produced is its value less its cost of production = PpV — PR. 
Return from milling M tons of residue = C’cV’ — MS’, and total return 
= P(pV — R) + C’cV’ — MS’. 

If the operation is omitted and the total feed is subjected to the same 
treatment that M is subjected to above, the return = CcV’ — HS. 

The saving in dollars (or loss, if the sign is negative) to be expected from 
adoption of the proposed operation 

= [P(pV — R) + C'cV’ — MS’] — (CcV’ — HS). 
The SAVING PER TON OF ORIGINAL FEED 1s 
P peers Mg 
= Sov - BR - ev (3 Se eee a) 
But P/H = (h —m)/(p — m), from (9); C/H = (h — t)/(e —1), from 
(9); M/H =(p—h)/(p —™m) (from the relation M =H —P); (’= 
M(m — t)/(c — 0), from (9). Then 


Cf aa) — (A=!) (=) 
HioivnceH\@—t 124 pre an) Ne td? 


whence, by substitution of the above values in equation (39) the SAVING PER 
TON OF ORIGINAL MATERIAL to be expected from installation of the proposed 


process 

(h —m)(pV — R) — (p — h)S’ |? —t (p—h)(m—t) 
Laie = 

c—t (p—m)(c —2) 


Removal of waste. If, instead of concentrate, W tons of waste assaying w 
is discarded at a cost of R dollars per ton discarded, then when the new 
operation is employed, the loss due to discarding waste is =WwV’ + WR, 
and the return from milling the remainder = C’cV’ — MS. Net return 
= O'cV’ — MS — W(wV' + R). 

If the proposed operation is omitted, the net return =CcV’ — HS, whence 
saving (or loss, if of negative sign) to be expected from installation of the 
new operation = C’cV’ — MS’ — W(wV' + R) — CcV’ + HS. 

SAVING PER TON OF ORIGINAL MATERIAL 

if) 
=) - a8 _ rw! + R). 


| +8. (40) 


Dy Hdl 


C. 
-s—(E-5 
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{ 
Substituting assay values, as in the preceding development, the saving per | 
ton of original material 
t (m—thh— 2) hy (h — w)S’ + (m — h)(wV’ + R) 
t (¢c—bH(m—w) 


=s—ev'|-= . (41) 


m— Ww 
Saving (or loss) to be expected from cleaning a salable product instead of 
shipping directly may be obtained by a similar method of analysis. 


Let H’ = tons of material, h’ = assay of H’, C’ = tons of cleaned product, c’ = assay 
of C’, 7’ = tons of material that will be reject of the cleaning operation, ¢’ = assay of 
7’, R = cost of treatment in dollars per ton of H’, V = value, in dollars per unit of metal, 
of C’; V’ = value, in dollars per unit of metal, of H’. 


If the material is shipped directly, the return = H’'h’V’. If cleaning is 
practiced, the return =C’c’V — H’R. 
Savine (or loss, if negative) to be expected from the proposed cleaning 
operation =(C’c’V — H’R) — H'h'V' = C'’'V — A(R + h'V’). 
SAVING PER TON OF ORIGINAL MATERIAL 
C'c'V Vili 
eM ye is (R + h'V"') = vn) —(R+A’V’). . . (42) 


Saving to be expected by further treatment of a tailing product is the excess 
value of the concentrate produced by the treatment over the cost of treat- 
ment. 

If H’” = tons of original tailing, C’’ = tons of additional concentrate produced by 
further treatment of H’’, T’’ = tons of cleaned tailing, h’’, c’’, t/’ = assays of H’’, C’” and 


T’’, respectively, R = cost of treatment per ton of H’’, V = value in dollars per unit of 
metal in the concentrate C’”. 


Then prorit (or loss, if of negative sign) to be expected from the pro- 
posed additional treatment = C’’c’"V — H’R 
PROFIT PER TON OF ORIGINAL MATERIAL (H’’) 
Ck CLE +s, 160) 


Bee PRS Rise eet Ve RD peccvlet sige ae 


~ 


23. Specific-gravity assay 


When an ore is a mixture of two minerals only or of one valuable mineral 
and a mixture of gangue minerals whose relative proportions are substantially 
constant, it is possible to make rapid approximate assays of a mixture of val- 
uable mineral and gangue by determining the specific gravity of the mixture 
provided the individual specific gravities of valuable mineral and gangue aire 
already known. The usual method is by use of a specific-gravity flask. 

Weigh the flask empty and when full of water. Dry the flask, introduce 
the ore sample, weigh; fill with water, taking care to remove all air bubbles 
and again weigh. In centimeter-gram units, if S, = specific gravity of aves 
Sm of “mineral” and S, of gangue; F = weight of dry flask, W = weight of 
water required to fill the flask, O = weight of dry ore, and 7 = total weight 
of flask + ore + water, then the weight of water required to fill the flask, 


with ore init = T — (O + F) = volume of water in flask, and 
ein 0 LPL sk, and volume of ore 


gi - i 
Wf Or Mtr ew topes ee 4!) 


|| 
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If m = per cent. of “‘mineral” in ore = weight of mineral per unit weight 


| of ore; 1 — m = per cent. of gangue; m/Sm = volume of “ mineral” per unit 


weight of ore; (1 — m)/S, = volume of gangue per unit weight of ore; 1/S, = 
| volume of unit weight of ore. 


| ms, litim wid --' 
Then Ss, a Se 0, and 
Sim(So = Sg) 


HIS SA re 


(45) 


24. Cyanidation 


Let F weight of feed = 1; C = weight of concentrate (if made), 7 = weight of tailing 
from concentrating operation (= F, if no concentrate is made), A = weight of sand feed, 
_ B = weight of slime feed, X = weight of sand tailing and Y = weight of slime tailing, all 
| expressed as decimal parts of F; and f,c, t, a, b, and y = respective assays of the above 
_ products. 


Shen B= C-like T= Al Be f= CC ai iv=iaA CE bBs Tims 
—cC. But T =F —C=1—C. Hence (1 — C)t =f —cC and 


CBee Chega ew lo eee” (AG) 
i SCR — Ah (Coe ha na Ge hy Cit eee AZ) 


Aa = Ti— Bb. But B=T—A, hence Aa = Tt — (T — A)b, and 
A/T = (t — b)/(a — b). Substitute value of 7’ from (Eq. 47), then 


Similarly 


fe-ft-3) 
Me N= BP (48) 
prgling emf Ae B.C Nt =a) oe 


AOA eS EN) CH (Ee) (prea) * 

R = [Cc + (Aa — Xz) + (Bb — Yy)]/Ff. But F = 1, and for all prac- 
tical purposes, A = X and B = Y. Hence, substituting A for X and B for 
Y and then substituting for C, A and B their equivalents in terms of assays 
above given, and clearing 


of —) +40 -@-2) — 0-H -W) 
ee fe —® (50) 
25. Voids 


Let w = weight of solid per unit volume. If material is moist, let w include also the 
weight of moisture. Let S = sp. gr. of dry solid, p = per cent. solids, V = PERCENTAGE 
OF voIps = percentage of unit volume unoccupied when that volume contains the weight 
w of solid or solid + water; B = per cent. of unit volume occupied by air, H = per 
cent. occupied by water and T = per cent. occupied by air + water. Quantities p, V, B, H 
and JT are expressed as decimal parts of the unit, and gram-centimeter units are most 


readily used. 


For dry material, 
eae Sie tntie yt) tO Rene ame nn e5 1) 


For wet material pw = weight of dry solid in unit volume; pw/S = volume 


of solid; and 
ements) .c meena seis a se (02) 
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The weight of water in a weight w of wet material = w — pw. Since the 
numbers representing weight and volumes of water are interchangeable in 


gram-centimeter measure, 
Hiss wilt -pya BoP aan due oe ae Com 


wp(S — 1) — S(w — 1) 
3 x 


Voids in broken rock smaller than 3-in. range between 40 and 45 per 
cent. when fines are present and 45 to 50 per cent. with fines removed. (Bul. 
5 UI No. 23.) : 

Specific volume is defined as the weight of dry solid per unit volume of 
broken solid and is commonly stated in lb. per cu. ft. If Q = specific volume 
in gram-centimeter units, m = percentage of moisture in the mass of broken 
solid by weight, and v = percentage moisture by volume, then the volume of 
actual solid + water per unit volume of broken material = 1 — V and the 


actual solid in this weight is @ = S(1 — V)(1 —v). But v = 
(from Eq. 66), hence 


B=T-H= (54) 


1—m 
O- 80 Vy ca ssn €t JA ee 
In common units this becomes 
1—m 
Q = 62.5S(1 — V) Leon el Ibspereu. ft.) pe ay 3 KOO) 


26. Pulp consistency 


Let p = PER CENT. SOLIDS = weight of solids in unit weight of pulp; D = piLuTIoN, 
= water-solid ratio = parts water, by weight, per part of solid, usually written, ¢.g., 6: 1, 
3.2: 1, etc.; S = specific gravity of dry ore; d = specific gravity of pulp. 

Then p/S = volume of solids in unit weight of pulp, 1 — p = volume of 
water in unit weight of pulp, 1/d = volume of unit weight of pulp, and 
p/S +1 — p = 1/d, from which 


S S D+1 


eae ee ana eek ee 
D+ 
S(d — 1) 1 
OS ssa) Dee Bae aM ere pan AA seen SIS) 
io dp aa d 
=i ogc Watenyne 1] Daya tiga twee biton Sb Seley tes (59) 
Dyers 2 S—d 1 


A ie Jie eer SS cysenat dtles. se bia (60) 


The relations between p, S and d are shown graphically in Fig. 36. 


If Z = soOLip FACTOR = tons solid per FLUID TON (= 82 cu. ft.) of pulp; G = fluid tons 
of pulp per ton of dry solids; and q = per cent. solids by volume, then, since the weight 
of 1 cu. ft. of pulp = 62.5 d lb., the weight of one fluid ton = 32 X 62.5d and 


32 X 62.5d X p 
VS 2000 = pd. bites mm he ellometteiae. AES = tnti(6 iD 


Art. 27. — COUNTING ASSAY 1249 


@ in Soe in equation (61) of values of p and d from equations (57) to 
(60), 


ie ps eye S(d — 1) 
Ze yg ese Yael S-—1 62) 

By definition G = 1/Z. Hence, by equations (61) and (62) 
C= A/pl =D / die carstesinesuioy linus ns boss 3468) 


Percentage of moisture 
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Fic. 36.—Relation between percentage of solids and specific gravity of ore pulps. 
Z (2000) 
S(62.5 X 32) 
d—1 Pp J 
StL. S.—p(S — 1) 


By definition g = = Z/S, hence, by equations (57) and (62), 


q= (64) 


27. Counting assay 

If all particles are of substantially the same shape (that they are of sub- 
stantially the same intermediate dimension may be assured by sizing), the 
volume percentages are equal to the number percentages. If there is a 
distinct difference in average shape of particles, the number percentages must 
be adjusted by factors expressing relative volumes of the mean shapes, in 
order to get volume percentages. If v = per cent. by volume of ‘“ mineral ”’ 
in sample = volume per unit volume and S,, and Sy = specific gravities of 
“mineral” and gangue respectively, then weight of ‘‘ mineral” in a unit 
volume of sample = vS,, and weight of gangue = (1 — v)S,. The percentage 
of mineral by weight is 


Sm VS m (65) 
Ui ate ¥ Sch war Y Bes a) 19) 
USm +i wjSo YoulSm = Sg)e+: Sy 
ms, 
; (66) 


”  mSy + Sm(L = m) 
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These formulas are applicable to the case of mixtures of solid and water, in 
which case, if m and v are taken as percentages of solid, Sy, is specific gravity 
of solid and S, = 1. 


28. Efficiency in coal washing 


In coal washing, efficiency is judged on somewhat different grounds from 
those used in metal concentration and hydrometallurgy. In these latter 
processes the valuable material is a definite substance (metal) that can be 
accurately measured by assay, and, so measured, has definite significance. 
But the combustible material in coal is not so definitely measurable and it is 
never, practically, completely separable from the non-combustible, so that 
clean coal is not clean combustible but rather a mixture of “ middlings ” 
of varying fuel value from the cleanest that can be obtained to the dirtiest 
that can be sold. 

Recovery. The assays made are usually for impurities, z.e., ash and sul- 
phur. If sulphur is reckoned as combustible, 


aS €1) (th fax h) 
~ (Ll = hi) (4 — aa)’ 


where fy, «4, and t; are assays for ash in raw coal, washed coal and refuse 
respectively. If sulphur is reckoned as non-combustible, hi, c; and t; must be 
taken as the sum of the percentages of sulphur and ash in the respective 
products. 

Tonnage calculations may be made by the formula 


R 


(67) 


4 —h 
Kat et (68) 


& — Cy 
where X = percentage weight of washed coal. 100/X = the ratio of con- 
centration (page 1285). 


Dodds (23 CA 635) points out that if sulphur and ash concentrate in different provor- 
tions in the washing process the tonnages calculated by equation (68) will differ according 
to whether ash or sulphur or the sum of the assays is used and that the latter gives the 
correct result. 


Percentages of reduction of ash and of sulphur effected are used as mea- 
sures of efficiency. These percentages are expressed as the difference between 
the respective percentages in raw and clean coal divided by the percentage in 
raw coal. It is not possible to effect 100 per cent. reduction of either sub- 
stance by mechanical means. 

Sink-and-float tests. On the basis of sink-and-float tests (Art. 16), the 
percentage of the total raw coal that will float in a solution, the specific gravity 
of which is that of the maximum specific gravity of salable coal (PERMISSIBLE 
DENSITY) represents the highest possible percentage recovery of salable coal, 
and the percentage of total combustible therein contained represents maxi- 
mum recovery of combustible. No commercial process of extraction will reach 
this maximum and, therefore, if it is set equal to 100 per cent., the actual per- 
formances may be stated as percentages thereof. 

Drakeley efficiency formulas. If X = weight of washed coal expressed as 
percentage of raw coal; a = weight of CLEAN coat (i.e., float in the solution 
whose specific gravity is such that it floats a coal of maximum salable ash 
content) expressed as a percentage of the weight of raw coal treated; and 
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1b = percentage weight of clean coal in the washed coal (determined by'a sink- 
_ and-float test), recovery , 
} Ric 10OXOfais diye he, Priston =. -(69) 


| This number according to Drakeley (654 IME 428) is the QUANTITATIVE EFFI- 
ciency. Drakeley suggests the term QUALITATIVE EFFICIENCY (Q) to express 
| the relation 


Q ='100(6 = a)/(100° +*a), oe ee (70) 
and the term GENERAL EFFICIENCY to express the relation 
G = R’Q/100. gg ne alr Ae yee NL aes Ae ral) 


This attempt to combine recovery and a number akin to the ratio of concen- 
tration in metal concentration, is similar to attempts that have been made in 
the latter art, and no more successful. Such a number has no physical sig- 
nificance but merely relative value, and its magnitude, depending although it 
does on the product of two significant numbers, may be the same with a low 
value of R’ and high value of @ or the reverse or with intermediate values of 
both, and is, therefore, not even numerically significant. 

Delameter efficiency formulas. - If H = percentage efficiency, a = per- 
centage weight of raw coal floated on the PERMISSIBLE BATH (heavy solution 
that floats coal of permitted ash content), b = ratio of weight of washed coal 
to raw coal, expressed as percentage, d = percentage of ash in raw coal, 
e = percentage of ash in permissible float from raw coal, and f = percentage 
of ash in washed coal, Delameter proposes (5 CA 723) the following formulas 
for efficiency. 


(1) If f > eandb =a; RAC PS a ee op) 


: B= 5(— d—f 7 
(2) If f > e.and b.>.a: le ees =a) (73) 
The ge peel 
(3) Tepe eand b < a; p=5+-). Sede, BIT (Eh ALMA (7A) 
p= 5 (4 ") (75 
(4) Iff > eand db <a; Toil 18 reeiteents 1 ebariedaliZD) 


Formula (72) gives a true efficiency number based on percentage ash reduction. The 
first term in the numerator of formula (73) is roughly the percentage weight of the total 
sink fraction of the raw coal that appears in the washed coal. For perfect work the first 
term of the numerator should be zero and the second term one, in which case # = 1/2. 
This is clearly not a significant efficiency number since the same value for EH would be 
obtained if both terms in the numerator equaled 1/2, which would, of course represent 
very poor work. Equation (74) gives EZ = 1 corresponding to perfect work and is, to that 
extent, a significant efficiency number. It also measures, within the limits set, the approach 
to two important goals in washing operations. Equation (75) likewise gives H = 1 for 
perfect work. tS j ; 

The great weakness of the equations is the fact that it is necessary to specify which 
equation has been used in determining the efficiency number stated for any given operation 
and also to give the values for a, , d, e and f, in order that their relative effects may be 
judged; hence the efficiency number alone is in no case significant, 


Fraser and Yancey. (69 A 456) propose the efficiency formula 
— —b 
YR (c — a)(a ) (76) 


=> ? . . s . . 


PS Niky PB cis b ie. aH. 
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where Y = the actual yield of washed coal = (weight of washed coal) /(weight 
of raw coal); Y, = standard yield = (weight of raw-coal float)/(weight of raw 
coal); R = actual ash reduction, per cent.; R, = standard ash reduction, 
based on sink-and-float test on raw coal, per cent.; @ = per cent. of ash in raw 
coal; b = per cent. of ash in washed coal; c = per cent. of ash in refuse; 
f = per cent. of ash in raw-coal float; and B = weight of raw-coal float. 

This number suffers from the disadvantage that, although perfect work gives EH = 1, 


the same value may be obtained when R/R, <1, if, at the same time Y/Y; > 1, both of 
which suppositions will commonly occur. 


Hamilton (69 A 475) proposes 
a(100 — c) 
B= ep as 


where a = per cent. of ash in raw-coal float, b = per cent. of ash in washed coal, 
and c = per cent. of clean coal lost = per cent. of refuse X per cent. of float 
in refuse. Whena = bandc = 0, which represents perfect work, H = 100. 

The weakness of this equation lies in the fact that it does not measure the recovery 


of combustible and that loss of clean coal does not penalize the efficiency number to any- 
thing like the same extent that it is penalized by failure to reduce ash. 


Hancock (69 A 476) proposes the formula 


p= Ya 
HED qn ares Sth, aa Sone (pe (77) 
a 


where J, = per cent. of a given impurity in the raw coal, J, = per cent. of 
the same impurity in the washed coal and Y = yield = (weight of washed 
coal) / (weight of raw coal). 


This formula merely measures the efficiency of the operation in reduction of impurity 
with no penalty for loss of coal, in fact, if Y = 0 in the equation, H = 1. 


Lincoln (11 Bul. UI, No. 9) suggests assaying the washed products by sink- 
and-float methods and calling half of the sum of the percentage float in the coal 
and sink in the ash the efficiency. 

When the figure thus obtained is high, it has definite and useful significance, but other- 


wise it does not tell whether the performance fails to be good by reason of low-grade coal 
or high-grade refuse. 


29. Statistical calculation 


Numerical data covering mill operations rarely involve two variables only 
and for that reason the relation of effect to cause cannot be found by the 
ordinary methods of two-variable investigation such as plotting to rectangular 
co-ordinates, etc. If the ordinary methods are employed to determine the 
relation between any two of a number of variables, the investigation 
involves such doubtful assumptions with respect to the other variables (the 
usual assumption, e.g., being that their effect is negligible) that the relation 
evolved is probably wrong and certainly untrustworthy. Thus in any ordinary 
mill operation of the flotation process, in which the quantity of oil per ton of 
feed varies from day to day and recovery also varies, direct comparison of 
recovery with oil quantity involves neglect of other elements of the operation, 
likewise variable, such as percentage of solids in feed pulp, fineness of grinding, 
mineral content of feed, grade of concentrate, etc., each of which has an effect 
on the recovery that cannot, justifiably, be neglected. The method of sra- 
TisTics attempts to solve a situation such as that presented by supplying a 
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‘number called the COEFFICIENT OF CORRELATION, that is a measure of the extent 
‘of the directness or linearity of the relation between, say, oil quantity and 
recovery, if all of the other above-mentioned variables were held constant; 
-another number, called the PROBABLE ERROR OF THE PARTIAL COEFFICIENT, 
that is a measure of the reliability and significance of the first; a third number, 
called the COnFFICIENT OF MULTIPLE CORRELATION, which measures the approach 
to directness or linearity of the relation between, say, oil quantity, and all of 
_ the other variables considered together; and a fourth number, called the pros- 
ABLE ERROR OF THE MULTIPLE CORRELATION, that measures the reliability and 
significance of the third. 


Notation. Coefficients of partial correlation are indicated by r with suitable subscripts 
indicating the variables considered. The arrangement of the subscripts is indicative of 
the nature of the coefficient, thus rjg is a SIMPLE Or ZERO-ORDER COEFFICIENT of partial 
| correlation between variables 7 and 2, in finding which the effect of all other variables has 
_ been neglected. When the calculation has been extended, as is explained later, to eliminate 

the effect of one of the neglected variables, the notation for the FrRST-ORDER COEFFICIENT 
thus obtained is r19 3, ete. 

The number rj23... is called the coefficient of partial correlation between the. vari- 

ables / and 2, say oil quantity and recovery; érj93___ is the probable error in rj9.3.. n 
_ R12,3...n) is called the coefficient of multiple correlation between the variable 1 (e.g., 
oil quantity) and all of the other variables; and €R1(2,3...n) is the probable error in 


Ri (2,3. ..n) 


Coefficient of partial correlation. With data available, as e¢.g., in Table 18, 
which represent daily performances of a copper-flotation plant covering the 
period from Aug. 7, 1916 to March 12, 1917, incl., the first step is to copy these 

data on cards, one card for each set of figures, 7.e., one day in the present case. 
This is done for ease in compiling the subsequent calculations. Next arrange 
the cards in order of increase of one of the variables to be investigated. 


For example, in the present calculation, the first relation investigated was that between 
“Lb. of oil per ton” (O) and ‘‘Dilution’”’ (D), and the cards were arranged in order of 
increasing amounts of oil. With the cards thus arranged, Table 19 was built as follows: 

The difference between maximum and minimum oil quantities was divided by a number 
between 15 and 30, chosen primarily to give a quotient easy to add and subtract. The 
maximum and minimum oil quantities were 3.8 and 0.6 respectively. The difference, 3.2, 
was divided by 16, which gives a common difference of 0.2. Seventeen classes with this 
difference embrace the entire range of oil quantity. Table 19 proper was, therefore, divided 
into 17 vertical columns headed 0.65, 0.85 . . . 3.85 lb.oil per ton as shown. The column 
headed 0.65 embraces all quantities of oil between 0.55 and 0.75, that headed 0.85 embraces 
all quantities from 0.75 to 0.95, etc. The cards were next arranged in order of increasing 
dilution, the range was found to be from 4.8 to 15.8, and an interval difference of 0.4 gave 
28 classes or horizontal columns. A blank sheet was next ruled as in Table 19, providing 
for five columns or lines to the left of and above the double rulings respectively and 17 
vertical columns and 28 horizontal lines in the space below and to the right of the double 
ruling. Vertical columns were headed with the determined oil-quantity means and hori- 
zontal lines by dilution means as shown in line O and column D respectively. All cards 
with values of O between 0.55 and 0.75 were next grouped into values of D corresponding 
to the means in column D and the number of cards in each group entered in the rectangle 
corresponding to the corresponding values of O and D, Thus on Aug. 17, Jan. 7 and Jan. 
27 the amounts of oil used were 0.7, 0.7 and 0.6 Ib. per ton respectively, which group under 
O = 0.65, and the corresponding dilutions were 6.0, 5.4 and 5.2 respectively. These 
group as one occurrence under D = 6.1 and two under D = 5.3. The numbers 1 and 2 
were, therefore, entered in the corresponding rectangles as described and shown in the table. 
By similar procedure the other FREQUENCIPS were entered in the proper places. The 
numbers in column ‘‘fp’’ are the sums of all of the frequencies in the same horizontal line 
and the numbers in line ‘‘fo,’’ the sums of all the frequencies in the corresponding vertical 
columns. From inspection of columns ‘‘D” and ‘‘fp’’ the mean value of D is apparently 
in the range D = 6.1. Similarly, the mean value of O appears to be in the range O = 1.45. 
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Table 18. Record of daily quantities in copper-flotation plant 


cent. Cu . 
wee tae a Recovery, Oil (a), Acid, pounds},.., |. 
Date el ae pounds Der ton Dilution (6) 
Feed Concentrate} * per ton 

1916 (C) (R) (0) (A) (D) 

August 
Mi 1.01 25.6 92 1.0 6.5 5.4 
8 -95 29.4 92 151 7.0 5.8 
9 .93 28.1 93 1.0 7.5 5.6 
10 1.00 28.4 94 1.6 7.0 50 
ia 1.01 Paya 92 123 9.0 4.8 
12 -99 27.8 92 1.0 V5 5.0 
13 .99 29.1 90 i 6.5 4.8 
14 195 28.4 91 Ps 6.5 5.2 
15 1.03 25.7 91 £e3 6.5 4.8 
16 1.03 29.9 89 1.2 6.0 6.0 
17 91 29.0 90 0.7 pass 6.0 
18 88 29.5 90 et eats) 5.4 
19 .85 30.2 90 1.2 6.5 6.8 
20 -91 26.4 93 0.8 6.5 6.2 
21 97 30.2 91 0.9 7.0 6.8 
22 1.04 30.5 92 1.4 7.5 6.8 
23 -93 28.4 89 6 ya) 6.5 6.2 
24 .99 26.8 90 1.2 6.5 6.0 
25 1.07 29.2 91 1.3 7.0 5.6 
26 91 26.0 91 1.3 7 a0, 6.6 
27 92 25.5 92 0.9 6.5 6.2 
28 .98 25.3 88 1.3 6.5 6.4 
29 1.05 28.3 88 1.2 7.0 6.0 
30 .96 27.7 90 no 5.0 6.2 
31 95 25.8 91 1.2 6.5 6.2 

September 

1 94 26.5 91 143. Sus 5.8 
2 -96 26.9 91 uae 6.5 526) 
3 ils tlal PH ENE 90. 1.3 5.5 5.6 
4 1.16 33.6 90 1.0 5.0 5.0 
5 ial) 27.4 99 Les 5.5 5.8 
6 H 1.07 Py Aa) 89 0.8 5.0 5.2 
7 1.19 28.1 91 1.2 5.0 5.0 
8 1.07 26.7 90 1.2 5.5 6.2 
9 1.05 25 a1 92 1.4 5.5 6.0 
10 1.12 25.8 93 1.2 5.0 5.6 
i: 1.08 28.2 92 0.9 5.0 5.4 
12 1.05 26.9 92 1.2 6.9 5.8 
13 P07 27.8 92 1.2 6.0 4.8 
14 1.04 24.4 93 1.5 6.0 5.6 
15 1.02 22.5 92 1.3 Dud 6.0 
16 1.06 29.3 92 1.2 5.0 5.8 
UT 87 Pale 91 1.4 5.6. 5.6 
18 .87 21.6 91 1.3 5.5 5.6 
19 .90 21.9 87 1.4 6.0 5.8 
20 1.01 25.4 89 1.0 5.09, 5.4 
21 1.00 25.9 87 1.3 aie 5.8 
22 HOS 25.7 86 1.6 7.5 522 
23 1.05 27.4 88 1.4 6.5 5.8 
24 .94 26.0 88 1985) 6.5 5.8 
25 .97 29.8 88 1.8 (eas 5.8 
26 1.01 27.6 87 Vea 6.5 6.2 
27 a ie 28.0 82 Lie 5.0 5.2 
28 .99 23.8 80 2.8 10.5 7.8 
29 -95 24.5 87 1.0 5.5 S.2 
30 95 24.3 83 107 5.5 5.4 


————— See a eee 


a Same oil throughout. 6 100 + per cent. solids. 


1 | 
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i Table 18. Record of daily quantities in copper-flotation plant—Continued 


Assays, per cent. Cu Oaks (a) P 
Date OMe pounds Bees Dilution (6) 
Feed Concentrate] P ‘ per ton Peron 
1916 (C) (R) (0) (A) (D) 
| October 
| 1 1.00 24.7 87 baal 5.0 5.4 
2 1.09 28.0 86 153 6.0 6.4 
3 1.07 25.4 85 1.3 6.0 6.0 
| 4 1.09 24.3 88 pe’ 6.5 5.2 
| 5 1.15 27.6 83 1.6 VERON 5.4 
6 1.04 24.0 89 1.6 6.5 6.0 
| ve 1.12 26.9 91 1.4 6.0 6.2 
| 13 -99 2f 43 87 1.5 6.0 5.4 
14 be KU) 25.3 92 Qig TG 8.2 
| 15 97 27.8 92 2.4 10.5 8.2 
| 16 .99 29.6 93 a Weve 8.0 7.8 
| 17 1.01 PE Ew | 92 2.0 9.0 6.2 
18 1.20 28.3 90 a 3 6.0 6.6 
19 1.06 PA 89 Dal 8.5 7.6 
20 E04 20.1 84 i 6.5 7.0 
| 21 ru 25.8 88 pe 6.0 6.2 
22 1.03 25.0 89 9 5.4 6.0 
23 1.06 28.4 88 : A 5.0 5.6 
24 1.07 25.1 88 1.4 5.0 6.6 
25 1.14 28.0 89 1.4 6.5 6.6 
26 1.36 28.8 95 1.6 6.5 6.0 
27 1.32 25.5 94 1.8 1.5 hae 
28 1.06 23.5 92 2.0 9.0 6.2 
29 L.15 DSiahh 93 1.9 i (es 6.8 
30 1.19 27.0 91 1.5, 5.5 5.6 
31 1.31 28.3 81 1.4 6.0 5.4 
November 
i 1.24 32.4 90 1.4 5.5 5.8 
2 1.22 29.5 88 LS 7.5 6.2 
3 1.14 30.7 91 i es 5.0 6.0 
4 1.14 28.5 91 1.6 6.0 6.2 
5 1.03 28.5 90 1.4 6.0 6.0 
6 1.05 28.4 89 126 5.5 5.8 
7 1.00 25.2 90 1.3 5.5 6.0 
8 1.04 26.8 88 1.4 5.5 6.2 
9 1.04 26.2 89 tok 5.5 6.6 
10 1.00 24-7 90 a a 6.5 6.6 
tt 94 23.4 90 1.4 5.5 6.2 
12 95° Pps) 89 1.4 5.5 6.0 
13 .97 23.8 89 WE 5.5 5.6 
14 .98 19.4 91 2.3 9.0 7.0 
15 .93 22°90 91 1.3 a0 6.0 
16 .85 22.3 90 1.4 D0 7.4 
17 1.13 29.3 90 1.2 5.0 6.0 
18 1.04 27.3 90 1.5 et) 6.0 
19 Leb iO) 25.2 89 1.2 5:0) 6.6 
20 1.12® 25.2 82 Me Dee 6.8 
22 Ee id 26.6 86 US B.S 6.4 
23 1.14 PH fies 89 V2 520 5.8 
24 1.10 24.7 91 1.6 6.0 8.0 
25 1.07 26.4 92 1.6 6.0 9.2 
26 te t2 23.9 92 1.6 6.0 720 
27 [24 28.3 91 s Bey 6.0 6.6 
28 1.09 25.6 88 1.3 5.0 6.8 
29 £.13 27.0 91 ST 6.0 6.6 
30 bine be 28.0 89 1 bee 5.0 6.2 


a Same oil throughout. 6b 100 + per cent, solids, 
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Table 18. Record of daily quantities in copper-flotation plant—Continued 


Assays, per cent. Cu Oil (a) 
’ i bat % - 
Date por cont, | Pounds Per (parton | DUwbonte 
Feed Concentrate 
= te } 
1916 (C) (R) (O) (A) (D) 
December 

1 1.04 24.3 90 1.3 5.5 6.8 

2 1.04 25 af 89 0.9 5.5 5.4 

3 1.03 22.4 89 1.9 7.0 9.2 

4 1.08 22.5 91 1.9 9.0 8.0 

5 1.02 3.6 93 1.9 if) 7.2 

6 _ 1.04 26.1 90 1 Iw 5.5 7.4 

7 1.03 28.8 89 ial 5.0 7.4 

8 Poe 24.9 92 TO) 5.0 6.4 

9 97 26.6 91 Jay 4.5 5.6 
10 94 24.8 90 12 6.0 6.6 
ih .97 24.6 89 1.0 BO 6.2 
12 1.02 24.6 90 Lgl. 6.0 6.8 
13 1.05 29.6 90 0.9 4.5 6.4 
14 leg ink 27 1 87 Te 4.5 6.6 
15 1.01 25.3 89 0.8 4.5 6.6 
16 1.26 26.6 90 Dx 5.0 (OP, 
17 1.33 28.7 92 1.4 4.5 7.2 
18 1.13 30.8 92 0.8 4.0 6.2 
19 1.18 25.6 92 1.1 4.5 7.4 
20 TO 26.6 90 1.0 3.5 6.8 
21 Tels 28.5 89 1.0 4.5 6.8 
22 1.30 BIA TG 88 bs) 5.0 7.8 
23 .95 GALT 89. es) 5.5 7.4 
24 1.32 31.0 87 J of 4.0 6.6 
25 1.14 25.2 90 2.0 7.5 6.2 
27 1.75 24.3 79 3.2 9.5 6.0 
28 1.18 23.3 73 3.4 15.0 10.8 
29 .92 20.6 89 3.5 14.5 15.8 
30 .95 20.0 90 3.0 12.5 12.0 
31 1.10 24.0 90 2.0 7.0 9.4 
1917 

January 

1 1.00 25.3 86 1.4 8.5 6.0 

2 .88 17.0 89 2.0 13.0 6.4 

3 .92 23.6 88 aS 9.0 5.6 

4 .88 a d 91 1.6 11.0 5.6 

5 .88 Ldiat 91 1.4 + 8.0 5.8 

6 1.04 19.5 92 1.0 6.0 5.0 

a a WE By 217 88 Ora; 6.0 5.4 
11 1.05 24.4 89 0.8 4.5 6.0 
12 1.06 24.4 83 0.8 4.0 6.0 
13 1.13 23.8 89 if 3h 5.5 5.6 
14 .99 23.6 89 1.0 4.5 6.2 
15 1.15 26.4 90 0.8 4.5 5.4 
16 Leal) 26.8 91 1.8 PY fees 5.8 
17 pp ia 21.5 91 1.5 gt 6.6 
18 1.05 20.0 92 152 6.5, 5.2 
19 1.03 25.8 93 I sl 5.5 5.6 
20 LL 0 22.4 93 1.3 5.5 5.4 
21 .95 22.0 92 ee 6.5 4.8 
22 ME 22.0 91 1.8 7.0 6.0 
23 .94 19.7 92 1.2 Penis 6.6 
24 Tad 22.8 91 1.2 4.5, 5.4 
25 .95 23.1 87 Lae 4.5 5.6 


@ Same oil throughout. 6 100 + per cent. solids. 
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| Table 18. Record of daily quantities in copper-flotation plant—Continued 


Assays, per cent. Cu ‘ 
Date Recovery, Oil (a), Acid, pounds|,,-1__,: 
Bee one. pounds ae ee Dilution (6) 
Feed Concentrate per 

|) 1917 (C) (R) (O) (A) (D) 
| January 

ie. 26 AS 21.2 78 1:2 6.0 6.0 

27 1.00 21.5 87 0.6 4.0 5.2 

| 28 1.05 22.0 81 deed 5.5 6.8 

| 29 .98 pe gets) 90 feeb 6.5 5.6 

| 30 1.10 21.9 90 152 6.5 5.6 

| 31 1.05 DSictk. 85 1.4 6.0 5.4 
February 

8 We 19.8 83 1.2 6.0 5.8 

| 9 105 22.0 87 1.5 7.0 5.8 

10 1.10 Boat 89 1.3 5.5 5.2 

11 1.10 23.8 90 1.5 6.0 5.6 

12 1.12 23.0 93 1.5 a0 5.6 

13 1.06 ASAT E 91 1.2 5.5 5.4 

14 1.04 2041 93 ESA 6.5 5.0 

15 94 18.6 93 1.4 6.0 §.2 

16 98 20.5 89 1.3 5.5 6.0 

Ty, 1.14 22.0 89 1 3 6.0 5.8 

18 1.02 18.5 92 2.0 6.5 5.4 

19 1.12 24.4 92 1.8 6.0 5.2 

20 1.04 19.1 93 eye 6.0 6.0 

21 rt 20.8 85 2:0 6.0 5.2 

22 117 23.4 80 1.4 6.5 5.0 

23 1.19 17.36 85 3.8 11.5 9.6 

24 1.05 20.0 75 1.8 0 6.4 

25 1.10 18.2 vu 22 9.0 6.8 

26 1.14 18.9 82 1.9 9.0 5.8 

27 1712 17.4 85 2.9 10.5 5.8 

28 1.16 18.2 76 Pape 8.0 5.4 
March 

2 1,29 20.6 93 2.5 9.5 5.4 

3 1.13 220% 85 2.1 8.5 5.2 

6 1.06 19.7 83 1.5 6.5 5.8 

i Fel é 22.7 91 2.5 8.5 7.8 

8 1.16 22.8 85 2.0 7.0 5.4 

9 1.08 22.6 85 1.8 8.5 7.4 

10 .95 20.9 90 1.9 9.5 4.8 

11 1.10 19.3 88 3.2 11.0 9.2 

12 .99. 19.6 82 2.8 10.0 5.4 


a Same oil throughout, 6 100 + per cent. solids. 


Assuming, for the present, that these are the correct means, the individual deviations of 
the other values of D and O, by number of groups, are set down in corresponding files in 
the vertical column and the horizontal line marked ‘‘dp’’ and ‘‘do”’ respectively. For 
example, the first number in column dp is — 3, indicating a deviation by three groups, of 
0.4 value each, of D = 4.9 from D = 6.1, the assumed mean, The files marked ‘‘fd’’ 
show the products of the corresponding values of f and d and the numbers in the files 
marked ‘‘fd2”’ are derived from those in files ‘‘fd’” by multiplying by the corresponding 
values of d. The DEVIATION (co) OF THE TRUE MEAN Of the values of O from the assumed 
mean may now be found by dividing the algebraic sum of file ‘‘fodo’”’ by the total number 
of observations N(= =f) or co = Zfodo/N = Zfodo/zf = + 8/198 = +0.04. Simi- 
larly cp = =fpdp/N = Zfpdp/=Zf = +65/198 = 0.328. The STANDARD DEVIATIONS, go 
and gp respectively are obtained from the general equation 


“2 
Peer ma SSE Ao © la) 


Sec. 22 


TESTING 


1258 


ezet | so+ 86t_|| _erezog, 
tak 919 | | vet] 1 rer 
fea | *9T 


f 6°FT 
| S°FI 

aa 

3] Ler 


| VOT 
| | ts | 6 L°6 
992 | ee 86 
ae 68 
g°8 
oot | 0% 1'8 
og [0s [r+ | 9 UL 
& ft eet | 0% [os [e+ | or gL 
B fo-® loe-% [ot | oo [oe [s+ | oF 6°9 
‘ 9 |e-8 forS |5_% wz | w@ I+ & 9°9 
a ae a v9 
9T+ (eae) 9-& [ET We fort [pre |_| a | @&- | a i es 
alt Pe ee got jo-$ | 8 ler? Ire9 Ipe¥ lore || set | 89- | a=] Fe 89 
Ber eRe oN Se age ee aanol mts derice a ee 
SEALS SS SP at Pepe et ete a=] =| a] at g 
° ane eT Or a is Se 
Se ee roca par + an 
| 9°r | 


{wo =)0 [steven | see [sore | are] cere | gore | s8°2 | gore | see | eae | soe | ost | cot 


u01 Jad [Io "qT 
UOlYBlOII0 Jo PUSTOGZe0o [erred jo UOTPVEMoTVo IO} eep yo jusuIesueIIY ‘ET qe L 


Art. 29. STATISTICAL CALCULATION 1259 


1380 1929 
Hence oo = Tos = 0.0016 = 2.64 and op = 93 7 0.1074 = 3.10. The coeffi- 


cient of partial correlation (r) is derived from the equation 


yee? 
ere (79) 
in which 
Zfdodp 
p= 3 me COG Ds. So prin oll espe tek bene ea OO) 


The individual values of fdodp, with appropriate signs, are shown in small figures in 
the small co-ordinate rectangles with the corresponding frequencies. These figures are 
summed horizontally and the totals shown in the last vertical file, and these semi-totals 
are then summed vertically, yielding the total 2fdodp = 869, for the present set of obser- 
vations. Then p = 869/198 — 0.04 X 0.328 = 4.37, and rop = 4.37/2.64 X 3.10 = 
0.535 + é;,). 


Probable error in partial coefficient, ¢,,,,__,, 18 derived from the formula 


. 0.6745(1 — 1242.3... n) 
TiS a, = ae ; 
VN 


In the present case ¢é,, = 0.6745(1 — 0.535°)/V198 = 0.034; hence rop = 
0.535 + 0.034. 


(81) 


Significance of riz3...nand¢;,,, _,- The numerical value of rj2.3... 2 
ranges between —1i and +1 as limits, a negative value indicating an inverse 
relation between the variables 1 and 2 and a positive value a direct relation. 
The absolute value of r is, however, the significant matter. Ifr = 0, entire lack 
of correlation is indicated. The significance of other values is not capable of 
mathematical demonstration, but is based on experience in the use of the 
method. Rugg (Statistical methods applied to education, Houghton-Mifflin Co.) 
states that in educational statistics a value or r between 0 and |0.15] or |0.20| 
indicates negligible correlation, a value from |0.15| or |0.20| to |0.35| or |0.40! 
indicates that correlation is present but of low degree, a value between |0.35] 
or |0.40| and |0.50| or |0.60| indicates marked correlation, while a value greater 
than 0.60 corresponds to a high degree of correlation. When the data are 
numerous, when they may be selected so as to exclude one or more variables 
that would enter into a consideration of unselected data, and when rejection of 
obviously erratic values is possible, as is frequently the case in metallurgical 
data, a more exacting standard of significance of values of r obtains. For 
such data the following scale is more suitable: 0 to |0.25|, negligible correla- 
tion; |0.25| to |0.5|, low; from |0.5| to |0.7|, medium; |0.7| to |0.9|, high; 
|0.9| to |0.95|, very high; and |0.95| to |1.00|, practically perfect. 

The significance of 7 is also affected by the relative magnitude of r and e. 
From the definition of e it follows mathematically that 50 per cent. of all values 
of r will fall between r + e and r — e and that 99+ per cent, will fall between 
r+4eandr — 4e. If, therefore, e is large with respect to r (r being positive), 
r — 4e may well be a negative number, from which it follows that the value of 
r may be zero or thereabouts, indicating negligible or no correlation. In the 
present problem r + 4e = 0.669 and r — 4e = 0.401 and medium correlation 
is indicated. 


MULTIPLE CORRELATION 


Zero-order coefficients. The coefficient of partial correlation 712, as 
above developed gives, by definition, an indication of the linearity of the rela- 
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tion between the variables 1 and 2, on the assumption that the variables 
3 ....mn are constants. Since 3... 7” are, however, variables, this partial 
coefficient is insufficient basis for judgment as to the actual approach to linearity 
of the relation between 1 and 2, and it is necessary to go through a further series 
of operations in which the effect of each variable on the relation between each 
of the other pairs is eliminated. The first step in this operation is to determine 
the other coefficients of partial correlation of the zero order, é.g., T13, T14, etc., Or, 
in the present case 794, Tap, etc., as in Table 20. This is done in the same way 


Table 20. Coefficients of partial correlation of zero order (rig, ete.) 


Top = 0.535 + 0.034 «Tor =— 0.288 + 0.044 Tor = 0.265 + 0.045 

rpa =*0.794 + 0.018 Tar = — 0.196 + 0.046 Tca =— 0.371 + 0.041 

rap = 0.434 + 0.039 Tpr =— 0.070 + 0.048 Toc =— 0.444 + 0.038 
; Top =— 0.124 + 0.047 


A Pounds of acid per ton of ore. C Grade of concentrate, per cent. copper. D Dilu- 
tion (ratio of water to ore, by weight). O Pounds of oil per ton of ore. R Recovery of 
copper, per cent. 


aS Top was determined. The next step is the elimination of the effect of each 
variable, in order, and the establishment of second-degree coefficients 113.2, 
112.3, 723.1, etc., or, taking the data of the present problem rgp-4, Toa-p, etc. 
These are called FIRST-ORDER COEFFICIENTS. The first-order coefficient 
Trop: indicates the degree of linearity of the relation between Ib. of oil per ton 
and dilution with the effect of acid quantity eliminated; rg,4-p similarly 
measures the relation between the quantities of oil and acid added when the 
effect of dilution is eliminated; etc., the assumption being still made, as above 
that the other variables are constant. 

Derivation of partial coefficients of higher order is effected by suitable 
application of the general formula 


DIDS 1) NIN a= 1) Tanks ae) 
J/1 Seeley. 3 «al (al) V/1 —.772n.3...(n—1) 


where n is the total number of variables considered at that step. 


UB WE io re 


First-order coefficients. In the problem in hand the first-order coefficients are derived 
from those given in Table 20 by apphication.of the general formula as follows, e.g.: 


Top — Toa TAD 0.535 — (0.794) (0.434) 
Vl = roa) — r24p) (1 — 0.7942) (1 — 0.4342) 


TOD! Ay 


0.345. 


Similarly*the other first-order coefficient shown in Table 21 are calculated. 


Table 21. Coefficient of partial correlation of the first order 
+ 845 TpR:* 


+ 


TOD*A 


=+0 o =+ 0.064 Toc-r =— 0.10 
TOA*D =+ 0.738 TpR?A = + 0.017 AE 3) 
Tpa‘o = + 0.015 Top‘c = + 0.540 Tro: p = + 0.259 
Top-r = + 0.538 Toavc =+ 0.756 Trova = + 0.211 
Toa*R =+ 0.786 Tpoa'c =+ 0.421 Tas-o = — 0.035 
ToaeR = + 0.429 Tor'c =— 0.197 Tac:p =— 0.354 
Tor'p = — 0.298 Tar-c =— 0.110 rac-r =— 0.338 
Tor'A =— 0.224 Tor:c = — 0.039 Toc:p =— 0.451 
Tar-o =+ 0.055 Toc-o = + 0.151 Toc-a =— 0.266 
Tar'p = — 0.184 Tpc-a = + 0.044 Toc:r = — 0.398 


Second-order coefficients (rj934, 713.24). etc.) are similarly calculated from the first- 
order coefficients, a typical example of the application of the general formula being 


ToD'A — TOR*ATDR*A 0.845 — (—0.224) (0.017) 


TOD*AR = 


VL — ror-a)(l — rpp-a) c V (i — (—.224)2(1 — (0.017)2) abled cs 


| 
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The values of the second-order coefficients for the present problem are given in Table 22. 


Table 22. Coefficients of partial correlation of the second order 


Top:AR = + 0.358 Toc:pR =— 0.406 Tpoc:ar = + 0.042 
Top-ac = + 0.3871 Toc:aAR = — 0.230 Tar-op =+ 0.054 
Top-re =+ 0.544 Tpa‘or =+ 0.011 Tar‘oc =+ 0.061 
Toa*DR = + 0.728 Tpa-oc = + 0.020 Tar? po = — 0.102 
Toa*pc =+ 0.693 Tpa-re = + 0.419 Tac‘op = — 0.033 
Toa:ro = + 0.756 Tpr:0oA = + 0.063 Tac‘or =— 0.045 
Tor'pa = — 0.247 Tpr:oc = + 0.041 YTac:pr = — 0.322 
Tor:pc =— 0.210 Tor: ac = + 0.008 TrRo:op = + 0.152 
Tor-ac = — 0.179 Toc:oaA = + 0.152 Tro:oa = + 0.158 
Toc*-DA =— 0.305 Toc-or = + 0.143 Tro-pA = + 0.211 


Third-order coefficients (rj9345, 713.045, etc.) are similarly calculated from the co- 
efficients of the second order. A typical example applicable to the present problem is 


TOD*AR — TOC*ARTDC*AR 2 0.358 — (—0.230) (0.042) 
Vd = roc-an)( — rpc-an) VU —(— 0.230)2)(1— (0.042)2) 


0.379. 


TOD*ARC = 


The values of the third-order coefficients in the present problem are given in Table 23. 


Table 23. Coefficients of partial correlation of the third order 


Symbol Coefficient Probable E 
error 
TOD*ARC +0.379 +0.041 
TOA* DRC +0.692 +0.025 
TOR* DAC —0.197 +0.046 
TOC*DAR —0.267 +0.044 
TDA*ORC +0.017 +0.048 
TDR*OAC +0.040 +0.048 
TDC*OAR +0.144 +0.047 
TAR*ODC +0.060 +0.048 
TAC*ODR —0.042 3-0.048 
TRC*ODA +0.154 +0.047 


Significance of rop-prc and {rons Arc, eos in Table 23 is, according to the standard 
set up on p. 1259, as follows: 


1. The correlation between oil and acid is medium-high. This was, of course, to be 
expected from the facts of plant operation, where the usual tendency of the operators was 
to increase both oil and acid when froth overflow became sparse and to decrease the two 
together when froth overflow was too rapid. 

2. The correlation between oil and dilution is low but distinct. Physically-this low 
correlation is in part explained by the fact that changes in oil lagged behind the cause that 
required changes. Increase in dilution, if the quantity of oil fed remains constant, causes 
decrease in frothing and in carrying power of the froth, or what the flotation operator 
describes as an under-oiled condition, and increase causes the reverse condition, which he 
describes as over-oiling. But these changes in machine performance lag considerably 
behind the changes in dilution causing them, hence for certain periods high dilution and 
low oil quantity go together and for certain other periods low dilution and high oil, notwith- 
standing that the operator endeavors to maintain high oil with high dilution and vice versa. 
Mathematically, also, the correlation suffers in that grade of feed, which is another variable 
affecting oil quantity, is not considered in the correlation. If it were considered and prop- 
erly eliminated, the effect should be to raise rop-4. - - 

3. Correlation between quantity of oil and recovery and that between quantity of oil 
and grade of concentrate is in the zone of low to negligible, according to the data analyzed. 
The interpretation of this result is that under the conditions of the mill operations studied, 
changes of one- or two-tenths of a pound of oil made little difference in recovery or grade 
of conc2ntrate. The negative sign of these two coefficients indicates, in so far as the low 
value of the coefficient permits any distinct indication, that increase in oil in the particular 
operations resulted in decrease in both grade and recovery. 

4, Negligible correlation is indicated in all of the other cases, 
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Coefficient of multiple correlation is a number (/) that measures the degree 
of completeness with which the variations of any one variable are accounted 
for by consideration of the other variables entering into the calculation. The 
value of R for any variable ranges between 0 and +1. In any problem its 
value must be greater than the absolute value of the greatest of the partial coeffi- 
cients involving the same variable. It is obtained from the formula 


R= V1 — (1 — r'y2)(1 — 7713.2)(1 — r14.93) .-- (1 — ran .23a)... m—1- (83) 
In the present example 
Ro = V1 — (i — ron) (1 — r2o4-p)(1 — r2or-pa) (1 — r20c-par) 
= V1 — (1 — 0.535%) (1 — 0.7387) — [= 0.2102) (1 = [= 0.267}2) 
= 0.844. 


Other values of F are: 
Rp = 0.553: Reo = 0.487; Rr = 0:333; Rg — 0:79. 


Multiple correlation is very high if R is larger than 0.90, high from 0.75 
to 0.90, medium from 0.60 to 0.75, low from 0.30 to 0.60, and negligible below 
0.30. 

Reliability of coefficient of multiple correlation is to be judged from the 
probable error, obtained by the formula 


kl — R? 
Hae ett Eee: bets 


where k is a coefficient given by Table 24 (Pearson, 6 Biometrika 59). 


(84) 


Table 24. Value of coefficient * in equation for ER 


n’—1 k 


. 674 
esd 
.538 
. 832 
.086 
-313 
.519 
.710 


ONOUNRWDHe 
NONNNRKHHO 


n', Number of values of R investigated. 


For Ero, K = 1.832, Ro = 0.844, N = 198 and 
_ 1.832(1 — 0.844”) 
? V198 


Ez, = +0.090; Kr, = + 0.000; Er, = +0.116 and Er, = + 0.048. 


Er = + 0.037. 


Hence the final values for R are Ro = 0.844 + 0.0387; Rp = 0.553 + 0.090: Ro = 
0.487 + 0.099; Rr = 0.333 + 0.116; R4 = 0.795 + 0.048. These figures indicate that 
the variations in oil and acid are accounted for with a high degree of completeness and that 
the values of F# are reliable; variations in dilution and grade of concentrate are not par- 
ticularly well accounted for, and the data are highly incomplete in so far as the investigation 
of recovery is concerned, : 


Il 
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1. Situation of mill with respect to mine 


General Principles. Since one of the main purposes of concentration is 
to reduce the expense of delivering mine product te the smelter, a concen- 
trating mill should ordinarily be situated as close as practicable to the source 
of its ore supply. In general those mines at which the ratio of concentration 
is high are most benefited by placing the mill near the mine, but this conclu- 
sion may be modified by one or more of the following facts: (a) freight rates 
of public carriers usually advance in direct relation to the unit value of the 
material carried (see Table 10); (6) mill concentrate produced by wet methods 
may carry from 4 to 15 per cent. water, even after draining or filtering; (c) 
the site near the mine may lack adequate supply of mill water with low expense 
for elevation; (d) suitable space for tailing disposal, and (¢) advantageous 
topography for a mill site. Examples of a variety of. practices are given in 
Table 1. 

In the case of a large-scale operation, the ability to move great tonnages 
by the most efficient available motive power oyer privately owned track to a 
mill adjacent to or in the direction of the smelter, may offset some of the 
advantages of proximity of mill to mine. Some notable examples of long 


hauls are given in Table 2. 


Of the mills cited, those of ANAconpA, Nevapa ConsouipaTep, and Ray CONSOLIDATED 
are closely adjacent to smelters; water supply was an important consideration in selecting 
sites for the Curno, Copppr RANGE, and Nevapa ConsouipATED mills; while the disposal 
of tailing contributed largely to the selection of sites for Neyapa ConsoLiDATED and the 
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Table 1. Concentration ratios and mill location 
Mine and mill Assay of ore Distance hauled Ratio pe 
to mill, miles concentration 
Calumet and Hecla..........-.. 1.75% Cu 5 35 31 
Copper Range s%....0.6 the oc. = ete 1.88% Cu 14 40:1 
GHINOn creer et aie tales anenchaneie 1.60% Cu 10 14-22 :1 
FrispinaltlOmirs ce ea sheev ec Meeey stare 1.14% Cu 1.6 QDS 1 
Wika yntite eee on cect aie sivassiispever 2.00% Cu 0 Pip 1 
Raye At LAS SAa ST. 1.66% Cu 25 13-15 21 
BederalNogsy. won vase eco nimee 3.00% Pb 1-2 Pifferei 
RoderalNos 4. eres is. oe eee 4.75% Pb 0 18252: 
ingelstiecc conse Meco eee 2.25% Cu 0 and 2.5 15 2a 
St. Joseph Lead 'Co., Bonne Terre. 4.00% Pb 0 20 3:1 
JoplineDistricte a0. A2. «. syae. 22 0.5-1.25% Zn 0-0.5 35-55 : 1 
Alaska Gastineates tes 12 od. TAs eA, BS eee 3K5 LASTS 1 
VERS COG eect ceceo ia tetin te oe ea eee 3.77% Zn 0 and 0.3 1987 et 
Caminesn, Mex... 0. 6s ede ee 1.76% Cu 1-3 eae | 
HedleyabiiGrs = Wat te anaes! $10.50 gold (a) Sao) 16-20 :1 
Moetezumas Mexiaadine tennis 3.3% Cu 5 4 But. 
Phelps-Dodge, Morenci......... 1.8% Cu 0-0.75 Dudu: 
‘LimbertButtenecss.. it. eres. Sere 5 S/O A a ll ges oatecenone, ons Gis SIAC eel 
Utahi@opperttavie-aeel.. Se smivskix 1.29 Cu 18-20 Dao. et 
Britannia Mining and Smelting... 1.6% Cu 5 16°31 
Water in Distance 
Mine and mill elas concentrate, concentrate 
per cent. hauled, miles 
Galumep and theele-.-c...cske to: 62 % Cu 12 0.5 
@opper Ravee. os .5.o tas sone 65° % Cu io 19 
(NIN Osos shcpsre Sc) oN ee 15.5% Cu 14 130 
TRSPIKA GION. he eas wc pase es 30.2% Cu 5 1 
IVE e ee cot ciate > eae ere adh Aad 42.9%, Cu 10-12 1 
UAV ine torus ees sete paicuese in ce eiaad 19 % Cu 12 1 
{| Table, 70% Pb 4 100 
RederalUNomsiin).. 20. Soni rek \| Flot. 49% Pb 6 266 
Table, 73% Pb 4 100 
Ried eral Nise 405 6c hae Soaie te { Flot., 55% Pb 6 100 
Bingels4 pq srece Feat ee aden des 30.0% Cu 12 600 
St. Joseph Lead Co., Bonne Terre. 70.0% Pb 5 30 
JOPUM A Isurrebe ok cuss ocr eee COM OG Zante PRA SEAS Ae 50-1000 
H : 383% Pb 2000 b 
Alaska-Gastineau............. { Au fGore Ae sIae \ 10 
Mia seobmacpycescvuy so fade tas thoenna secre 60% Zn 8 550 
Cananea,i Mex. ce tas cuvog heed 5.6% Cu 10 1 
Hedley MBaCi. A SIMA Wels. As,35%; Au,2.50z. 10 400 
Moctezuma, Mexy. tcijecy isan te 12.8% Cu 5 78 
oe : Table, 9.5 
Phelps-Dodge, Morenci......... 12.0% Cu Flot., 13.0 0.75 
Timber*Butte, oo tee ke,. Se 54% Zn 8.5 1200 
WitahiGopper-aac cs eee ee 16.5% Cu 13-14 3 
Britannia Mining and Smelting.. . 12.0% Cu 10-12 1306 


a In arsenopyrite. 6 Steamer. 


Urau Copper Co.’s mills. 
able condition alone. 


In no case, however, was the decision based upon one favor- 


Placing a mill near the mine it serves, tends to minimize irregularities in 
receipt of ore. ‘The ill effect of mill stoppage for lack of ore can be guarded 
against to a limited extent by providing storage bins, but it is seldom prac- 
ticable to store more than two or three days’ supply, and in the case of some 
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Table 2. Haulage of ore over privately controlled standard-gage railways 


Cost 
Mine or carrier Year ee Tonnage per Per 
Total ton, ton- 
cents mile, 
ents 
Butte, Ar GR: (deals . a. de: 1922 32 90,348,000@| $991,7326)...... 1.098¢ 
Chino (via A. T. & 8. F.),....; 1922 10 1,416,869 154,198 | 10.8 |1.08 
@opper Range ac. one ccn aoe 1922 14 33,396,000a 884,483b]...... 2.648c¢ 
Duluth and Iron Range...... 1922 | 227 507,545,000a} 6,037,0006]...... 1.190¢ 
Duluth, Missabe and Nor.....| 1922 | 335 | 1,194,982,000a | 13,301,0000]...... Mile 
Nevada Consolidated........ 1922 26 518,523 195,899 | 37.7 |1.45 
Ray Consolidated........... 1922 25e 1,178,350 258,487 | 22.0 10.88 
Whited Verde... 04 < 44 cesar 1918 6.7 861,250 198,687 | 23.0 |3.4 
United Verde Ext............ 1922 6.1 136,980 22,148 | 16.2 |2.6 
Be pah GOW DEM sae x SkeynneresVaseeeouche 1922 18 4,364,251 651,096 15.0 {0.83 


a Revenue-ton-miles. 6 Freight earnings. c Freight earnings per revenue-ton-mile. 
d Electrically operated; see page 1267. e Of which 10 miles over private road; remainder 
by track license over Arizona Eastern R. R. 


large mills, operations would cease if the ore supply were interrupted for a 
single day (see Table 12). 


METHODS OF TRANSPORTING ORE TO MILL ~ 


The following means are available: 1. Mine-car or other small-car tram- 
ming: (a) hand; (b) animal; (c) cable; (d) storage-battery locomotive; (e) 
trolley locomotive; (f) gasoline locomotive; (g) narrow-gage steam locomo- 
tive; (h) mono-rail system. 2. Wagon or truck haulage: (a) animal; (0b) 
motor trucks; (c) tractors and trailers. 3. Belt conveyors. 4. Aerial 
tramway: (a) reversible; (b) continuous. 5. Standard-gage railroad. 

Hand tramming is frequently adopted at small mines for distances up to 
300 ft., especially when the mine cars themselves can be conveniently trammed 
to the mill. For such surface tramming, the track can usually be maintained 
in better condition than underground, and can be laid to the most advan- 
tageous grade, say 0.6 per cent. in favor of the loaded run. On well-graded 
track, and with the usual metal-mine car in good condition, one man can 
push a net load of 2000 lb. at speed of 114 miles per hour (130 ft. per min.); 
maintaining the same speed on the return trip would give an ore-carrying 
capacity of 0.75 ton-mile per hour in motion. Dumping time, which is approx- 
imately 14 min., will range from 40 per cent. of the total working time (exclud- 
ing loading) on a 50-ft. tramming distance, to 10 per cent. on a 300-ft. tram. 
Loading time will vary between the extremes of 2 min. (from chutes) to 30 
min. per ton (shoveling from rough bottom). (For further data on loading 
and tramming by hand, see Peele.) 

Animal tramming is applied to trains of mine cars, and also to one or sey- 
cral cars of large size receiving ore from a dumping or storage pocket. The 
method is not more efficient than hand tramming over short distances and for 
traffic of less than two ore-ton-miles per hour, but competes favorably with 
mechanical systems up to 25 ore-ton-miles per hour, at distances up to 14 mile 
and with grades below 1.25 per cent. On good track, with moderate grades 
in favor of the load, one mule can pull a gross load of 7 to 12 tons, and haul 
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from 2 to 4 ore-ton-miles per hour of total working time at distances of 700 to 
3000 ft. The tractive force of an average horse, at 2.5 miles per hour for 8 
hours, is 125 lb. 

Cable haulage may be applied to gravity plane, engine plane, or tail- 
rope system. 

Gravity plane. Loaded cars, of modern design and well lubricated, will run 
freely down a grade of 2 per cent., but if empty cars are to be hauled up by the 
action of the descending loads, transmitted through a cable, 5 to 514 per cent. 
is about the minimum grade that will operate with a plane 500 ft. long; 
longer planes require steeper grades, up to 10 or 15 per cent. Cars or skips 
discharging automatically into a receiving bin at the bottom of the incline are 
frequently used. 

Engine plane may be operated on any grade steep enough to allow the 
empty trip to descend by gravity, while overcoming the added friction of 
cable and engine drum. In practice, 314 per cent. has been found to be the 
minimum satisfactory grade. 

The Nipisstna low-grade mill, at Cobalt, receives part of its ore by an engine plane 
2200 ft. long, hauling a trip of 4 cars, or 3.85 tons of ore, up a steady grade of 10 per 
cent., with a 30-hp. electric hoist and a %-in. cable. Operating at 90 per cent. capacity, 
the plane makes one trip in 25 min. The total cost of operation (1922) was 34.2¢ per ton 
hauled, or 82¢ per ton-mile. The cost of installation, in 1913, was $6500. At the Trojan 
mine, S. D., one electric hoist is used both to haul trips of eight 1.5-ton cars up a 1500-ft., 


6 per cent. slope out of the mine, and to lower them 2000 ft. down a 15 per cent. incline to 
a gathering station from which they are hauled to the mill by gasoline locomotive. 


Tail-rope system is best adapted to nearly level or irregular grades, and can 
be applied to curved track; it is commonly used at coal mines. 


A well-known application to surface tramming in the United States is in the Tri-SratE 
pisTRicT, hauling ore from one or more outlying shafts to a central mill, an average distance 
of 800 ft., with 14 mile as a maximum (10-ton steam and 5-ton gasoline locomotives are 
used for the same service). Track is 36-in. gage with 40-lb. rail, and cost (1923) an aver- 
age of $1.56 per ft., including grading, laying, and all track materials. Cars are of steel, 
with roller bearings, and of 2.5- and 3.5-ton capacity (44 and 62 cu. ft.). At Goupmn Rop 
mill (7. H. Wallower, PC) a 14-car train with gross weight of 60 tons is hauled by a tail- 
rope system a distance of 1800 ft. over level track containing frequent curves. The driver 
is a band-friction, tandem, double-drum hoist, belt-driven by 75-hp. motor; after starting, 
little power is needed. The cost of this method is compared with that of steam-locomotive 
haulage on the same property during 1923 in Table 3. 


Table 3. Haulage costs at Golden Rod Mill, 1923 


Cable Steam 
system locomotive 
Distances. fb. as, n.04 sea tas | 1800 2600 
TAOS iets crise vaca ele Level 900 ft. @1% 
(Remainder level) 
i donsitrammed sf, .. io.esen 144,019 114,179 
Cost per ton, cents: 
ADORE comers, Sate 4.09 6.06 
POWER sttcrekousvenssa cceveroparouns 0.27 0.93 
Supplies........ SORE, 1.82 3.54 
Wotele We curse ure ita 6.18 10.53 
Total cost per ton-mile, 
COMUS Athe ta rtausiee ee 18.138 21.40 


Limitations of the tail-rope system as to grades and distances have not been reache:} 
in the Tri-State district; curves present slight difficulty. 
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Storage-battery locomotives might be advantageous to haul trains of 
ore cars directly to the mill from a mine in which battery locomotives for any 
reason are preferred underground. Gages range from 18 to 44 in. In gen- 
eral, battery locomotives are equipped with motors aggregating 4 hp. per ton 
of total weight; the range is from 2.5 to 8 tons. On clean rails they exert a 
drawbar pull of one-fourth their weight when moving at 314 miles per hoar; 
they have been operated effectively on grades up to 10 per cent., but in general 
they give best results on moderate grades. 


In the Burre & Superior mine, in narrow, tortuous drifts with irregular grades (123 
P 751), a 34%-ton locomotive, exerting a draw-bar pull of 1500 lb., at 4 miles per hour, 
hauls a train of 10 roller-bearing cars, each of 2250 lb. gross weight. During 1919, nine 
locomotives hauled 737,787 cars of ore and waste an average distance of 790 ft., at cost 
per car-trip of: power, 0.41¢; locomotive repairs, 3.21¢; motorman and helper, 6.90¢; 
total, 10.52¢. 

Exhaustive tests at Copper Qupmpn showed that battery locomotives required 1.6 
kw.-hr. at the power house per ore-ton-mile. In the Unirrp VrerRpE mine (66 A 177) 
Baldwin-Westinghouse 3-ton locomotives gave a drawbar pull of 800 lb. at 314 miles per 
hr. Batteries (80 Edison A—4 cells) were re-charged after each shift, with 250-volt current. 
Hauling 215 tons ore per shift, a distance of 200 ft. up 0.4 per cent. grade, the cost in cents 
per ton was (1918): Labor (1 motorman and 2 loaders), 8.4; power (25 kw.-hr. per shift), 
0.4; depreciation of motor, 0.6; repairs and inspection, 0.2. Total, 9.6. 


Trolley locomotives, in addition to hauling trains of ore cars direct from 
mine workings to the mill, where this is possible, are often installed inde- 
pendently for surface haulage from a loading pocket at the mine, as at ALASKA 
GASTINEAU, Britannia, Heptey, Mrtones, Tonopan Extrnston, BuNKER 
Hitt & Suxtivan, and many other mines. Tor this purpose, more powerful 
and wider-gage locomotives are applicable than for mine haulage and higher 
voltages are permissible. Trolley locomotives are usually equipped with 
motors aggregating 10 hp. per ton of total weight (which ranges from 3 to 30 
tons), and give a draw-bar pull, with steel-tired wheels, estimated at 25 per 
cent, of the total weight of the locomotive. 


At Unrrep VERDE mine, Jerome, Ariz. (66 A 177) in the Hopewell main-haulage tunnel, 
25-ton Baldwin-Westinghouse locomotives are used, equipped with two 75-hp. 250-volt, 
direct-current motors and exerting a draw-bar pull of 12,500 lb. at 7.1 miles per hr.; total 
haul, 8900 ft. Bottom-dump, standard-gage cars of 220-cu. ft. nominal capacity are loaded 
from chutes with 280 cu. ft. or 20 tons of heavy sulphide ore. The trains are 14 cars, mak- 
ing 425 tons gross per locomotive. The cost in cents per ton for 1918, on 861,250 dry tons, 
was: Labor, including loading and dumping, 5.4; supplies, 0.1; power, 0.5; repairs, 3.5. 
Total, 9.5, or 5.6¢ per ore-ton-mile. At ALtasKa-JuNEAU (120 P 251) the mine output was 
hauled two miles down a 0.5-per cent. grade, 30-in. gage, double-track, 32-car trains; each 
car weighed 3 tons empty and carried 10 tons of ore; total weight of train, 96 tons 
empty, 416 tons loaded. The locomotive was in two sections, of 9 tons each, having two 
direct-current Westinghouse No. 905 motors in each unit and was small enough to pass 
through a rotary car dump discharging four cars at a time. The front section of the loco- 
motive could be quickly detached and used for switching. Power for operation was ob- 
tained from two 300-kw. rotary converters, each with an individual 6-phase transformer. 

For other data on performance and operating costs of trolley locomotives, see Peele. 

The Burrr, ANAconpa & Pacrric Ry. transports ANaconpa ore (over 5,000,000 tons 
per year) from mines on Butte Hill to the Washoe concentrator at Anaconda; total haul, 
32 miles (Elec. Ry. Jour., Mar. 14, 1914). The General Electric locomotives used weigh 
80 tons, have 1050-hp. continuous rating, and exert a tractive force of 25,000 lb. at 15 
miles per hr. ‘Trolley wire is No. 0000 and carries 2400 volts direct-current. The cars 
weigh 18 tons and carry 50-53 tons of ore; two locomotives per train. Operating data 
are given in Table 4. 

This road, formerly steam-operated, was electrified during 1912-13, at a cost of $1,- 
201,000; the first year’s electric operation indicated a saving of 36 per cent. in direct costs, 
as shown in Table 5. In the item of power alone, the saving was 48 per cent. compared 
with steam operation. The saving in trainmen’s wages was duc principally to the higher 
speed and greater regularity in train movement. 
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Table 4. Haulage of Anaconda ore by Butte, Anaconda and Pacific Ry. 


. Main Line, On Smelter Hill, 
es Rocker to E. Anaconda to 
E. Anaconda Concentrator 

Distancemmilestzys: 222 =. ete iee 4.6 2041) 4.2 
Average grade, loaded..........- —2.5% —0.3% +1.1% 
ORES IM NCR ALN «att sun ae) one meee renar 30 65 20 
Gross train load, tons.........<. 2000 4620 1400 
Speed, miles per hour..........- 12 16-21 16 


Table 5. Comparative costs of steam and electric haulage at Anaconda 


1913, steam 1914, clectric 


Locomotive operation only (fuel 
or power, oil, crew, main- 


FENAINGS; ECCS) Meetohreen nes lie eee $594,921 $357,339 
‘Peainnien « Wakes. 0a Oe. we 147,632 116,486 
Total direct operation..... $742,553 $473,825 
Ton-miles hauled, net......... 158,917,720 172,855,856 
Cents per ore-ton-mile........ 0.467 0.274 


Gasoline locomotives are built up to 15 tons in weight, with draw-bar. 
pulls of 20 per cent. their weight and geared to speeds of 6 to 12 miles per hour. 
The makers estimate gasoline consumption at 0.1 gal. (0.6 lb.) per hp.-hr.; 
tests have indicated 0.73 to 1.2 Ib. of gasoline per brake hp.-hr. at full load and 
full speed, 1.2 to 2.2 lb. at half load and half speed, and higher consumptions 
for reduced loads. 


At numerous bituminous-coal mines and a few metal mines of the United States (Peele) 
with hauls of 1800 to 3400 ft., the operating cost varies from®2.5 to 5¢ per mineral-ton-mile. 

At the New York Zinc Co., Edwards, N. Y. (W. R. Wade, PC), a Fate-Root-Heath 
25-hp. gasoline locomotive hauls a train of 2 or 3 cars, each weighing 3000 lb. empty and 
carrying 3 tons of ore, an average distance of 800 ft. down a 0.5-per cent. grade at a speed 
of 15 miles per hour. The track is 3-ft. gage with 25-lb. rails. The locomotive also hauls 
waste (about one-fourth of the ore tonnage) an average distance of 400 ft. In a 9-hr. 
shift, it averages 250 tons ore and waste. Gasoline consumed, 1 gal. per hour; estimated 
operating expense (excluding wages), $2 per shift; repairs, not over 0.1¢ per ton. Allowing 
wages of $4 a day for one engineer, the estimated total direct cost for haulage only is 17.7¢ 
per ton-mile. ‘The first cost of the locomotive was $1815. At the TrRosan mine, S. D i a 
Milwaukee gasoline locomotive hauls trains of eight 1.5-ton cars a distance of 2000 ft. to 
the mill at cost of 6¢ per ton (1922) or 15.8¢ per ton-mile. : 


Narrow-gage steam locomotives are found in many districts, hauling for 
long distances, where rough topography makes construction of standard-gage 
roadbed unjustifiably expensive. A simple steam locomotive consumes 
4.5 to 8 lb. of coal or 2 to 5 lb. of fuel oil, and 27 to 32 lb. water per hp.-hr. 
while in motion; the total fuel consumption, covering delays, may be 50 to 100 
per. cent. greater. _ 


At Bawpwin MINES, Burma, the total length of narrow-gage line is 46 miles with grades 
of 4 to 5.5 per cent. in places and numerous sharp curves. Gage is 2 ft. The principal 
traffic is down-grade, 33 miles, at a cost of 7¢ per ton-mile. 


; Mono-rail system, well developed in Europe, has only one noteworthy 
installation in the United States, viz.: near Searles Lake, Cal. (116 J 100.) 


The total length is 28 miles, of which 8 miles is level but the remainder traverses ex- 


tremely rugged country, requiring sharp curves and grades of 8 to 10 per cent. The wooden 
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framework supporting the rail is seldom more than 3 ft. high. Estimated cost was $8000 
per mile. A specially fitted Fordson tractor makes 10—15 miles per hour on the level, and 
8 miles per hr. up grade. Cost of transportation was estimated at less than $1 per ton. 


Horse-drawn wagon haulage. For general data on loads, speeds, grades, 
tractive resistance, road surfaces, etc., see Peele. 


At Philipsburg, Mont., the ALGonqurIn mine formerly shipped manganese ore 2.7 miles 
to the mill by 6- or 8-horse wagon and trailer carrying together 5 to6 tons. The team made 
two round trips per day. In the Dotorns district, Colo., picked vanadium ore is hauled 
on contract by 4- or 6-horse wagon and trailer 50 to 90 miles to Placerville. The average 
load is 1000 to 4000 lb. per horse, depending on grades and road condition. Speed on 
rough roads, 16 miles per day; on good roads, 22 to 25 miles per day. During the early 
development of the Magma mine (1914) the rate for wagon haulage of supplies, 32 miles 
up-grade from Webster, was $10 per ton; when the wagons hauled both ways the rate 
was $8 up, $5 down. 


Motor trucks of 1- to 6-ton capacity are rapidly supplanting horse-drawn 
wagons where the roads are suitable. 


In the vanadium district of souru-wmst Cotorapo, 5-ton trucks, generally overloaded, 
make from 50 to 80 or 90 miles per day over roads in fair condition. 

At the Strver Dyxr mine, Neihart, Mont. (W. EZ. Wampler, PC), teaming contractors 
haul concentrate 3.5 miles down a mountain road having an average grade of 4 per cent. 
for $1.50 per ton, returning with freight, against a maximum adverse grade of 7 per cent., 
at $2 per ton; they use wagons, sleds, or motor trucks, according to the condition of the 
road. The motor trucks are 3-ton International, but are usually loaded with 5 tons; 
they make three round trips in an 8-hr. shift, loaded both ways. Driver’s wages, $5.50 
per shift; gasoline consumption, 8 gal. per shift; oil, 1 quart. The original cost of the 
truck (1923) was $3600. 

Contractors hauling supplies to the MoGouton mines from Silver City, N. M., 75 miles 
over good roads, use White trucks of 2- and 5-ton capacity (72 A 633). The total freight 
hauled in 1922 was 1484 tons at a cost of 26.5¢ per ton-mile. The contractors haul con- 
centrate by motor trucks from the Berry O’Nxrau mill, Lewis, Nev., to Battle Mountain, 
over 12 miles of dirt road in good condition, except during rains, for $5 per ton, or $0.42 
per ton-mile (117 J 449). ArmstTEap mill, Talache, Id. (A. H. Burroughs, Jr., PC.), ships 
concentrate to Eagle, 6.5 miles over good gravel road down an average grade of 2.5 per 
cent. with maximum of 6 per cent., in 214-ton Standard motor trucks usually loaded with 
8tons. During 1923, 4160 tons of concentrate was hauled down and 2000 tons freight up. 
Contract price, $1.80 per ton in summer, $2 in winter (aver. 30¢ per ton-mile). More 
recently, a 5-ton GMC truck has proved cheaper to operate. 


Tractors and trailers move at relatively slow speed, but can haul heavy 
loads over roads rough enough to be damaging to motor trucks. 


At Philipsburg, Mont., the ALGoN@uIN mine shipped manganese ore 2.7 miles to the 
mill in trains of five 6-ton trailers drawn by a 75-hp. Holt caterpillar tractor, making 3 trips 
or 90 tons a day, at a cost of 72¢ per ton, or 27¢ per ton-mile. TREADWBELL-Y UKON Co., 
Mayo district, Yukon Terr., employs a 10-ton Holt caterpillar tractor to haul 4 sleds 
loaded with 33 to 54 tons of sacked ore a distance of 42 miles down very rough mountain 
road, with frequent grades that require splitting the load. During 5 months (November, 
1922, to Mar., 1923) the train made 54 round trips (4636 miles) delivering 2501 tons ore 
(46 tons per trip). The temperature ranged from +10° to —50° F. and snow was 4 ft. 
deep on the level but there was no interruption to tractor service. The loaded trip required 
20 to 24 hr., the return trip with a light load of supplies, 16 to 20 hr. Gasoline consumption 
was 2 gal. per mile loaded; 1 gal. per mile returning. Total cost (fuel, oil and wages, 
including return trips) was $2.60 per ton, or 6.2¢ per ore-ton-mile. 


Belt conveyors are frequently used for bringing ore into a mill from a hoist 
pocket, train-dump pocket, or coarse-crushing plant. They may also serve 
for hand-picking of the ore in transit, and to elevate to the top of the mill. For 
details of construction, see Sec. 20, Art. 1. With a 36-in. belt, and material 
of 100 lb. per cu. ft., 1 ton-mile of transport on level ground requires 1.25 hp.-hr. 
of work; in general, for lighter materials and narrower belts, 1 hp.-hr, moyes 


1 ton 1 mile, on a leyel haul, 
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A down-hill belt conveyor was installed by the Mounrarn Corpmr Co. to convey the 
pyrite output of its Hornet mine, crushed to 4-in. maximum size, a vertical distance of 189 
ft. from mine level to railroad track in a horizontal distance of 300 ft. The two terminal 
bins and an intermediate tower bin supplied all but 60 ft. of the vertical drop, which was 
divided between two conveyors. The upper, 24 in. wide, sloped 9° 40’ and traveled 125 
ft. per min., governed by a small motor and two sets of spur gears; the lower, 20 in. wide, 
sloped 14° 40’, traveled 150 ft. per min., and was connected to the same shaft that drove 
a trommel (119 P 638). Ina similar manner, at the Encuis mill (123 P 183) flotation 
concentrate (70 tons, dry, per day) carrying 10 to 15 per cent. water is lowered a vertical 
distance of 100 ft. on a i2-in. belt sloping 34°. 


Reversible aerial tramways are designed for distances up to 2000 ft., 
and bucket loads of 400 to 2500 lb. Intermediate supports may be used, but 
the speed is then limited to 1000 ft. per min.; on an unsupported span, 1500 ft. 
per min. is safe. There may be one or two carrier cables; in the latter case the 
economical limit is approximately 20,000 ft.-tons per hour; for a single cable 
the capacity is less than 10,000 ft.-tons per hour. (Peele). Data supplied by 
the American Steel and Wire Co. are given in Table 6. 


Table 6. Capacities and weights of reversible tramways 


Load per bucket, lb.......... 400 800 1500 2000 2508 
Diameter of track cable, in... % 1% 1% 1% 1% 
Diameter of tractor rope, in... 3% Vv VA WA Ve 


Minutes 


Length, feet per ttip (@) 


Single-cable tram Capacity, tons per hour 
500 2.4 5 10 18.7 25 31.2 
1000 4.0 3 6 Bh x2 15 18.7 
2000 7.5 1.6 3.2 6.0 8 10.0 
Weight of entire equipment, tons (6) 
5HOOCU IS i. Fatt. he: 4.62 5322 6.20 6.76 7.24 
TOOQ al cts 6 oe cusent soe 5.64 6.64 8.20 9.23 10.03 
2OOOl Awalbus.t:. = are ereenen te OF 9.48 12.20 14.15 15.60 
Double-cable tram Capacity, tons per hour 
500 gi) 8 16 30 40 50 
1000 2.4 5 10 18.8 25 31.2 
2000 4.0 3 6 BH 2 15 18.8 
Weight of entire equipment, tons (6) 
HOE Way Wea ten eatin tree 7.26 9.71 11.04 | 11.89 a lai 
: 2 2.79 
TALLEY Phot | rere ts ea Ram 8.87 12.02 14.32 15.92 17.42 
AUD) Pla SR ee es 12.10 16.65 20.90 24.00 26.70 


a Based on travel of 600 ft. per minute, with allowance of 40 to 50 sec. for loading and 
dumping. b Weight may be used for estimating cost of equipment at factory, since unit 
price per pound is practically constant throughout the stated ranges of length and capacity; 
in 1917 it was quoted as 19¢ per pound. me 

At the Orrawa mill, near Slocan, B. C., a two-bucket reversible gravity tram 200 ft. 
long, with rated capacity of 10 tons per hour, cost $8000 in 1921, including the erection of 
terminals and clearing of way. Rugged country and local scarcity of timber added to the 
expense. Cost of tramming was 10¢ per ton. 

Continuous aerial tramways often afford the only practicable means of 


conveying ore from the mine or concentrates from the mill in steep or rough 


S Pee 


—_——a 


= 
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districts. The economical minimum limit of capacity is 10 tons per hour; the 
maximum limit varies from 100 tons per hour in general to 200 tons under 
exceptionally favorable conditions. They are not usually warranted for dis- 
tances of less than 1000 ft. and the maximum length of a unit is about 4 miles; 
two or more units can be erected in tandem, with transfer of buckets for 
greater distances. Anchor and tension stations must be situated at intervals 
of 3000 to 5000 ft. Loads per bucket range between 500 and 2000 ib., and 
three buckets per minute is about as rapidly as they can be handled at ter- 
minals; two buckets per minute is nearer the average. (For additional data 
see Peele.) Structural and general operating data supplied by the American 
Steel and Wire Co. are given in Tables 7 and 8. Data on specific operations 
are given in Table 9. 


Table 7. Trenton-Bleichert continuous tramways 


Cable diameter Carrier buckets Weight of aVeieht of Weight of 
Capacity, ee Terminal a 
oe Track Trac- | Load, R d Number] pounds site tension 
TACKS tion | pounds ve ‘| per per 100 ft.! ont (c) stations, 
(e) t.  |hour (@)| (8) tons (d) 
10— 25 1 and % a 500 |750—300| 40-100} 832— 970 9.9 3.55 
25- 50 land % % 600 |360—-180) 84-168)1035—-1205 9.9 38.55 
50-100 l3gand % % 1200 |860-180} 84—-168]1360-1627 14.0 4.45 
100-150 1Yand % % 1500 |225—-150/133—200/ 1451-1867 14.4 4.55 
150-200 llandl 34 2000 |200-—150/150—200) 1964-2164 as 4.55 
Approximate 
COSb pew e e. Ne mite A Ls | ene fees a realm oe f | g h 
| } | | 


a At speed of 500 ft. per minute. 6 Locked-coil track cables; lang-lay, crucible-steel 
traction rope; buckets and carriers with Webber grips; tower saddles; rollers and bolts, 
telephone line and instruments; that is, all equipment proportioned to length of tramway, 
but not including towers. c Complete equipment for both terminals, non-automatic type, 
but not including bins nor power connections. d Complete equipment for anchor and 
tension station; one such station required for each mile of length or major portion thereof 
beyond the first mile. e Material of 100 lb. per cubic foot. f Cost per pound for line 
equipment quoted at 19 to 19.8¢ in 1917. g Cost per pound for terminal equipment 
quoted at 18.7¢ in 1917. h Cost per pound for anchor and tension stations quoted at 
12 to 12.7¢ in 1917. 


Table 8. Labor and other charges for operating Trenton-Bleichert tramways 


j | 
Men required per shift (a) 
Man- 
Capacity, hour 
tons Line per Additional charges 
per hour Loading |Discharge| rider Total ton 
terminal | terminal Jor other 
help 
10 1 ly) isitesd: 2 0.20 If direct labor cost be 
25 i 1 il 3 0.12 taken as 100%, add for: 
40 2 1 1 4 0.10 Supplies and renewals.18% 
60 2 2 1 5 0.08 RED AMS cain cuentas 3% 
75 3 2 1 6 0.08 Miscellaneous. ......13% 
100 3 3 1 7 0.07 
150 4 3 1 8 0.053 Total additional. ..64% 
200 5 3 1 9 0.045 | of direct labor cost. 


a At least one man should be a skilled mechanic, at wages about double that of the 
others. 


1272 DESIGN OF ORE-TREATMENT PLANTS Sec. 23. 
Table 9. Performance of continuous double-rope tramways 
Tomboy, Walker, Magma, | Nipissing, 
Telluride, Utah Cons., Plumas Superior, Cobalt, 
Colo. Toole, Utah Co., Cal. Ariz. Ont. 
MEWipe) bets Ris bo Pale ee ee Bleichert Bleichert Leschen | Bleichert | Bleichert 
Gengthy miles: 5. - guar cuss 1 4 8.6 0.5 0.72 
Elevation of discharging with 
respect to loading terminal, 
ie PANEER is tee sah eso. AR — 2500 — 1260 —2130a — 250 +100 
Deion Dy muster orate bars tie tasren| .35-hp. Motor Motor 10-hp. Motor 
motor motor as 
governor 
Power required, ‘hp.......... None; 30 12-18, after] None; 15 
generates starting develops 
RENIN Or 
Materials transported....... c Ore Flot.con.(d) Ore Ore 
Speed, feet per minute...... 280 600 475 440 690 
Rated capacity per hour, tons 20 100 9-10 37 30 
Actual delivery, tons........| 75in 7 hr. |1100in12hr.| 90-105 |600in16hr.) 180 in 9 hr. 
| in 10 hr. 
Cost of installation......... $43,600e | $190,000f | $175,000f $8132f $18,300 
Operating cost, per ton...... $0.56 $0.28 $1.006 $0.125 $0 .093 
Operating cost, per ton-mile. . 0.56 0.07 0.116 0.25 0.133 
Cui a coda aecdh eens Sve haa 1912 1910 1919 1914 1912 


a Goes over a high point 1020 ft. above loading terminal. 
snow, men and all supplies are carried by this tram, necessitating extra guards. 
eentrate down; coal and all other supplies up. 


d 10% water. 


e 


6 During winter, with heavy 


c Con- 


Including bins, f Ex- 


cluding bins. 


Standard-gage steam locomotives are employed by -the largest mines, 
not only for long hauls of ore but also for disposal of waste. In many cases, 
the tracks form part of the mine equipment; in others, the roads serve as 
public carriers operated by organizations subsidiary to the mining companies; 
while in others, the ore traffic runs partly or entirely over independent roads, 
sometimes under a trackage license. A few notable examples of relatively long 
hauls over standard-gage railroads were given in Table 2. Examples of rates 
charged by common carrier railways in the West are given in Table 10. 


CoppER QUEEN, since 1921, has hauled waste rock from Sacramento Hill down grade 
to a dump two miles away (68 A 251). Of 15 standard-gage Porter locomotives used (4 
driving wheels and saddle tanks), three weigh 53 tons each and exert a tractive force of 
20,436 lb.; the other 12, with superheaters, weigh 54.5 tons each and exert 23,063 Ib. pull; 
gage pressure, 175 lb. in both cases. Cars are all-steel with compressed-air dump, have 
capacities of 20 and 25 cu. yd., and weigh, respectively, 55,400 and 60,700 lb. The average 
performance per locomotive-shift is 450 cu. yd. (solid; estimated at 1035 tons) at a cost 
of 17.7¢ per cu. yd., or 3.8¢ per ton-mile. 


Shay geared locomotive affords the only practicable motive power for 
numerous railroads in mountainous districts, and could be used advantageously 
elsewhere as a pusher for slow-moving traffic on grades not. too steep for 
ordinary locomotives. In addition to negotiating sharp curves, it has the 
advantage of small weight in proportion to its tractive force, since all its weight 
rests on driving wheels, and its force is well maintained even on steep grades: 
in the example noted below, on a 6 per cent. grade the Mikado locomotive 
loses more than one-half of its level draw-bar pull while the Shay loses only 32 
per cent. 


Grepnsriar, Cunar & Evx R.R., with 115 miles of track in W. Va., having 7 per cent 
grades and 32° curves, uses 150-ton, 3-truck, 3-cylinder (17 X 18-in.) Shay locomotives 
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Table 10. Freight rates on ores and concentrates charged by certain common-carrier 
railways, September, 1923. Cents per ton-mile. (116 J 480) 


ra . Value of material, per ton 
| 
From To Miles Road $20 a $50 870-75 $100 
' Cents per ton-mile 
y Guciys (Sameer Durango | 270|D.&R.G.a...........]1.30]1.50] 1.76] 2.13 | 2.63 
J Ouray once. och Durango 173 | D. & R. G.; R.G. So. ./2.78/2.93) 3.42! 3.65 | 4.46 
Silverton...... Durango AG AIMS OciiEtay Cup e see oe Sel O eee Paleo, ot t Ge20 
iIRark City ..... Murray 37 |D.& R.G... Sato nee eS oro L |e som. | Gees 
LDU Te) SS eee Midvale SS uD areeakun Gren el od iS lL) S2naaieShOl 93 192 
Ray Junction. .| Hayden 15 | Arizona Eastern....... 2.74)/3.42| 6.16! 6.84 | 7.53 
Py rONG jp ost Douglas 2042 5) Hees iS )Wis ss. sey shee 0.93/1.08) 1.37) 1.67 | 1.86 
Tyrone.....;..| El Paso ikeSY ie TEESE ARS = eee re 1.10/1.27) 1.62) 1.96 | 2.20 
Burke-Wallace.| E. Helena | 260 | Northern Pacific....... may hole oo te oee lh Tess 
Tonopah...... Midvale COM WVaa Ogdenws ett. aes 0.69/0.78) 0.97) 1.16 | 1.45 
Rossland...... Tadanac 2 ACHP? Ras: Re ot. Lae 8.33}12.5]13.33}14.16 |14.16 


a Narrow gage. 


geared to a ratio of 1 : 2.45, made by the Lima Locomotive Works (71 Railway Age 1209); 
comparison of this locomotive with one of the heavy Mikado type (8 drivers) having equal 
tractive effort is shown in Table 11. 


Table 11. Comparison of Mikado-type and Shay locomotives 


Mikado} Shay 
Tractive. effortmlbravi ostare sm 60,000 | 59,740 
Total weight, engine and tender, lb..| 497,000 | 308,000 
Weight on drivers, lb..........:... 240,000 | 308,000 
Wheel diameters iN... > <1. clams ee se 63 48 
Wheel base, total driving, ft........ 16.75 49 
Wheel: base; rigidsift. no -s te oe 16.75 serh 
Minimum radius of track, ft........ 300 179 
Total evaporating surface, sq. ft.....| 4297 1882 
Draw-bar pull Pounds | Pounds 
Mevelanssainwt ee nations ee 56,000 | 58,500 
AND EL COL Uae mre wren Aecren toes Ry sess 51,000 55,400 
CIC CAU Giorno haere: 46,000 52,350 
AG Or GEN tar gha te hippies tae. ole are ao 36,100 46,200 
Gxperjcenbsms ose titewes tics lad «, 2yahds 26,150 | 40,000 
Superece lower gts cacen h aaersze=4 16,200 33,850 


At Mounvarn Copper Co., a narrow-gage Shay locomotive with seven 20-ton cars 
delivers ore from mines on Iron Mt. to the mill at Minnesota, a descent of 800 ft. in 5 miles, 


or 3 per cent. average grade. 
| Storage bins are almost invariably provided at some point between the 
mine workings and the mill, or that part of the mill where the major crushing 
operations are conducted. This storage not only obviates the necessity for 
stopping the mill when delays occur at the mine or on the transport system, but 
also makes it possible to operate mine or traffic on part time while the mill runs 
continuously. Conversely, delays in the mill need not affect the continuity 
of mining or transportation. At many mines, the ore receives its first reduc- 


1274 DESIGN OF ORE-TREATMENT PLANTS Sec. 23. 


tion at an independent crushing plant, in some cases remote from the mill, 
which is equipped with its own receiving and discharging pockets, and is thereby 
enabled likewise to work intermittently, if desired. In general, the storage 
capacity should suffice to maintain the mill in operation during any mine or 
traffic interruption that is at all probable; it will therefore be roughly propor- 
tioned to the milling capacity, and to the difficulties inherent in the method of 
conveying the ore into the mill. In the case of mills served by standard-gage 
railroads, the loaded cars in transit afford a notable volume of storage. At 
mills of large capacity, especially those at which the crushing is performed in a 
centralized machine, as in the Laxe Superior copper mills, structural difh- 
culties may prevent the erection of storage bins to hold more than a few hours’ 
supply of ore. , Table 12 gives data on a few modern mills. 


3. Situation of mill with respect to water supply 


General considerations. All wet concentrating mills require so large 
an amount of water that securing an adequate supply often becomes an impor- 
tant engineering problem; in many cases, it has been the deciding factor in the 
selection of a mill site. Where railroad connections permit cheap haulage, it 
has often proved economical to bring the crude ore many miles to a conven- 
ient source of water instead of pumping the required amount of water to a mill 
in the neighborhood of the mine. Even with an abundant supply of water in 
proximity to the mill, if this must be pumped to storage sufficiently elevated 
above the mill to afford rapid flow, the pumping of 4 to 40 tons of water, com- 
pared with elevating 1 ton of ore, becomes an important factor in the design 
and location of a mill. For mills using flotation, the chemical composition 
and uniform character of the water supply are matters of prime importance. 

Water requirements in the milling circuit depend primarily on the nature 
of the process and equipment; jigs and tables require the most; flotation a less 
amount; cyaniding and other lixiyiation processes the least volume of water. 
The supply of new water depends upon the facilities employed, if any, for 
recovering clarified water from tailing, concentrate, or intermediate products 
in the mill. The practice of recovering water is naturally most common in dis- 
tricts where water is scarce; also at those flotation mills in which soluble 
reagents have a value; but the desirability of clarifying and recovering water 
at any convenient stage in the milling system, at an elevation above that of 
final discharge, always deserves investigation as to its possible economy in 
pumping. Data on the water requirements of representative mills are given 
in Table 13. 5 

Gravity supply is an important advantage when obtainable 
may be conducted by ditch, flume, or pipe-line; the latter often aa 
selection of a shorter route, and may be constructed of wood in manufactured 
sections, wood-stave pipe assembled on the ground, riveted steel pipe, or 


heavier forms of metal if great pressures must be carried 
. . ae a : 
an inverted siphon. Lasnicnad peewee 


Ditches. See Sec. 27, Art. 30. 


Flumes are commonly of rectangular section, fo i 
local materials; the width is usually twice the thr iin Gear acon ahi is ia with 
spaced not more than 4 ft., and 3 ft. is better. No lumber less than 1% in, thi aca be 
used. According to Wilson a 3 X 3-ft. flume with 3 X 4-in. sills, posts ee a 8 ould be 
139,600 bd. ft. of lumber per mile, including battens and walk-way, but eae rite requires 
stringers and trestle work. Semi-circular flumes of wood or steel havin 48 onan inal 
of conforming more closely to the best principles of hydraulic flow, ar aM ali 
their principal drawback is the inconvenience of repairs. ie Are in the market; 
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Table 13. Water requirements and water recovery at representative mills 


Tons of 
Daily | water in| Recovery: 
Mill Nature of process ore circuit Ail 
tonnage | per ton miei hod 
of ore 
Alaska Gastineau....... Tables and vanners........... 7,000 5.2 None 
Belmont-Surf Inlet..... Tables and flotation........... 400 4.0 None 
Calumet & Hecla ‘‘Con- 

glomerate?’ 5. 2.2.5... Jigs-and-tablesx.*) ..553 2. 2-5 % 11,000 28.0 None 
Canmanea.............-.| Jigs, tables and flotation........ 1,000 8.0 None 
CHa, licence ee Soe ae Tables, vanners and flotation...] 14,000 7 Ab a 
Gopper Queen. =! ).5-: -. Tables and fldtation.<..<..-- =. 4,000 6.3 75%6b 
Copper Range........-.. Jigstands tables. 2.2). o. sto oe 2,100 30.0 None 
Binge ls’ aetna ee te Plota trom Only: o .ceceatessroe noe 1,200 335.5) None 
Federal Lead, Nos. 3 and 

ee Lac) on ie aM cee ce ERE Jigs, tables and flotation....... 7,800 TED 85%h 
Bedley G. M. Co.......}] Vanners and cyanidation....... 210 10.0 None 
Inspiration...:.........| Flotation and tables........... 14,700 3.8 c 
|S corital DEN a Nee PO WER Vaen re ater Tables and flotation..-.!...... 300 6.5 36% 
Paberty (Bell. 9. ss-25).5::. Amalgamation, tables, cyaniding 500 10-20 None 
Neascotunee seae oc ll digs» tables, flotation. 2 fee. 2-2 2,400 16.0 40% 
MelIntyre-Porcupine....| Cyanidation only............. 525 1.0 None 
BV Uitea a oats te ca erin Totation \OM) Vie cna es cecreisues eee gek 7,000 Sao 2.1 tons d 
Moctezuma cs «<2. o. 5 es Tables, vanners, flotation...... 2,500 10.6 75%e 
Neveda Packard....... Cyanid ation. only%..4 ec) | exien ce 100 0.75 None 
Phelps-Dodge, Morenci..| Tables and flotation........... 4,500 4.4 70%6b 
Ray Consolidated...... Jigs, tables, vanners, flotation..| 10,000 6.0 f 
St. Joseph Lead Co., 

Bonne-ferré J... 6.8 Jigs, tables, flotation.......... 2,600 8.0 90%e 
Stat Barbaracss oe later. Sand and slime tables......... 500 13.8 91.3%9 
SUNY SIGS + scgu. s: 5 sess oes BIOCALIONTONIY syekh tee, Ys eee 500 4.9 None 
Tamber Butte; ....5.... Tables and flotation........... 700 4.0 None 
Tonopah Extension..... Cyanidationonly—. 2... us... 350 Tle None 
United Eastern......... Cyanidation only. ¢ 25. oon 300 0.6 JUG 


a 34% from tailing pond, 48% from settlers in mill. b From settlers and filters 
See page 1280. c 1.56 tons from thickeners, 0.32 ton from tailing pond. d From tailing 
dam. e From slime pond. f None from tailing. 2.5 tons recovered inside the mill. 
g In three 50-ft. Dorr tanks. A From thickeners and settling ponds. 


Manufactured wood pipe is available in inside diameters of 2 to 48 in., piece lengths 
of 6 to 25 ft., and to withstand heads up to 400 ft. of water. Apvanracss: light weight, 
ease and rapidity of laying, resistance to corrosion,even in acid water, and small frictional 
resistance to flow. Comparing 16-in. pipes under heads up to 6 ft., a riveted-steel and a 
new cast-iron pipe will deliver respectively 80 and 85 per cent. as much as a wooden pipe; 
the frictional resistance in the latter, furthermore, does not tend to increase with age. 
The woods commonly employed are cypress, white pine, Douglas fir, and California red- 
wood. Bondings are of wire or steel ribbon; the wood is commonly treated with creosote 
and the outside protected with asphalt. 4 


Wood-stave pipe, assembled on the job with specially formed staves 
and rod bands, is suitable for diameters of 16 in. to 20 ft., and hydraulic heads 
of 150 ft. for the larger up to 400 ft. for the smaller diameters. ADVAN- 
TAGES are: ease and rapidity of construction, applicability to rough country, 
ability to form curves of radius 60 times the pipe diameter, resistance to cor- 
rosion, low frictional resistance. A pipe buried in clean soil has longer life 
than one lying on the surface; decay from the outside seems to be promoted 
by dents and abrasions given by rough workmanship during construction 
Initial leakage can be stopped quickly by introducing bran at the inlet of the 
pipe. 
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Nevapa Cons. mill, at McGill, Nev., receives most of its water by gravity from a 
reservoir on Duck Creek, 9.5 miles away and 105 ft. higher than the receiving tank at the 
mill, through a 32-in. pipe of which 40,000 ft. was laid with Douglas fir staves and Y-in. 
round bands; sills were spaced at 3 ft. (109 J 857). The total first cost (1907), including 
10,000 ft. of 32-in. riveted-steel pipe in the line, was $180,000, or $4 per ft. Flow capacity, 
20 to 21 cu. ft. per sec. In 1920, the ends of the staves were found to be rotted; repairs 
were made by enclosing the affected portions of the pipe in concrete jackets, about 6 in. 
thick and reinforced with small rods; the total length thus repaired was 1500 ft. This 
line was still in use early in 1924 and was expected to last 2 years longer (C. B. Lakenan, 
BC): 

Sheet-metal riveted pipe is of two general types: longitudinal lap or butt 
jointed, and spiral jointed; the former is generally adopted for large lines and 
high heads, the thickness of metal-and the manner of riveting being selected 
to suit the pressure, while the latter has a wider application to smaller flows 
and pressures. The spiral-riveted lap seams give the pipe added strength as a 
beam, thereby reducing the amount of support to be provided when laying a 
line over the surface; it is lighter than cast-iron pipe of corresponding size and 
strength, and is practically equal in flow capacity to cast-iron or smooth steel 
pipe when the latter has become tubercular. Riveted pipe sections are con- 
nected by slip joints, for light pressures, or by bolted flanges or other special 
forms of bolted joints which permit a slight deflection. 

Spiral-riveted pipe is available in diameters of 3 to 42 in., sectional lengths up to 20 ft. 
for galvanized and 40 ft. for asphalted, steel thicknesses from 16 gage to}4 in., and for with- 
standing bursting pressures of 400 to 900 lb. per sq. in. for the larger diameters up to 1800 
lb. for smaller pipes. A safety factor of 5 is commonly employed. Table 14 gives data 


Table 14. Spiral riveted pipe 


F Welsh? Approximate 
Inside Thickness, per foot, pareiine 
diameter, WU esienve asphalted, strength, 
inches pounds pounds per 
square inch 
6 14 6.6 1560 
7 14 dina 1340 
8 14 8.8 1170 
9 14 9.9 1045 
10 14 11.0 935 
11 14 12.0 3850 
12 14 13.0 789 
13 12 19.7 1010 
14 12 22.2 940 
15 12 23.0) 875 
16 12 25.2 820 
18 12 27.6 730 
20 12 30.6 660 
22 10 42.2 765 
24 10 45.7 705 


(The data relate to sizes of intermediate, or ‘“‘Extra Heavy” weight; each size listed 
is also made in lighter and heavier sheet metal.) 


selected from publications of the American Spiral Pipe Works. Prices per pound for plain- 
ended pipe were quoted in 1924 at 12.2 to 13.2¢ for asphalted, and 17.1 to 18.5¢ for gal- 
vanized, the higher price applying to the lighter-gage metal. 

Couplings most commonly used, other than slip joints for small pressures, are flanges, 
preferably of forged steel, and bolted sleeve joints with rubber packing. On a line of 
asphalted pipe, in 40-ft. sections, flanges attached at the factory will cost an additional 
30 per cent. over the price of the plain pipe in sizes from 6- to 30-in. ; bolted sleeve joints cost 
13 per cent. the price of plain pipe. For a line of galvanized pipe, in 20-ft. sections, gal- 
vanized flanges attached at the factory will cost 50 to 60 per cent. the price of the plain 


— —— eS eee — 


1278 DESIGN OF ORE-TREATMENT PLANTS Sec. 23. 


pipe, and bolted sleeve couplings (not galvanized) will amount to 15 to 20 per cent. the cost 
of plain pipe in the line. 

The Nevapa ConsouipatTep Coprrr Co., in connection with its central reservoir 
on Duck Creek (109 J 857), laid 54,800 ft. of feeder lines to convey water from four tribu- 
tary streams and thereby maintain their flow during the winter. Of this total, 45,000 
ft. (at three tributaries) consisted of 8- and 12-in. riveted, slip-jointed, light-weight pipe 
in 20-ft. sections, made in the company’s shop at a cost of 7¢per lb., and asphalted. The 
lines were laid so as to develop little pressure. Joints were made by warming the larger 
end to expand it and soften the asphalt; the small end of the next section was then driven 
in by a ram supported on a light tripod. Three men laid 1500 to 2000 ft. of 8-in. pipe in 
this manner per day. The total cost of these three lines was 62¢ per ft. for the 8-in. and 
75¢ per ft. for the 12-in, line. The fourth line, 9800 ft. of 6-in. pipe designed to carry 
150 lb. per sq. in., cost $1.53 per ft, 

Flow in pipes and open channels, See Sec, 27, Arts, 29 and 30, 


Other sources of water. Mine water is often available for milling purposes; 
its composition may require correction, especially for flotation processes. 
Springs. wells, tunnels in water-bearing strata, streams, ponds, lakes, and the 
ocean have all: been drawn upon for mill water. 


Nevapa ConsouipaTep CoprEr Co., just below its main gravity storage dam on Duck 
Creek, drove a tunnel 1150 ft. long across the valley at the bottom of gravelly soil, 
40 ft. deep, resting on hardpan. This intercepted 2 cu. ft. per sec. of the seepage from the 
reservoir, which was raised by a hydraulic ejector operated by a high-pressure gravity 
line. McGill springs, at the Nevada Consolidated smelter, deliver 9 to 12 cu. ft. per sec. 
This was formerly pumped to mill-supply tanks by two motor-driven centrifugal pumps, 
each with eapacity of 4.9 cu. ft. per sec., at cost of 0.77 to 1.04¢ per ton of water. One 
triple-expansion steam pump, with maximum capacity of 12 cu. ft. per sec. against 480-ft. 
head did the work at about half the cost of the electric installation (109 J 857). Nrw Cor- 
NELIA’s water comes from a 2-compartment shaft 600 ft. deep, sunk for the purpose at a 
point eight miles northeast of Ajo. A duplex, double-acting pump, direct-connected to a 
synchronous motor, delivers 800,000 to 1,000,000 gal. per day through 6.7 miles of 10-in. 
iron pipe against a total head (including friction) of 1875 ft. (60 A 22). The 2000-ton 
ALLENBY mill of the GRANBY CONSOLIDATED, requiring 4.6 tons of water per ton of ore, is 
supplied from the Similkameen River, one mile away, by three centrifugal numps (one in 
reserve) which have a capacity of 800 gal. per min. each, discharging through 5000 ft. of 
14-in. pipe against 600-ft. static head (115 J 989). At ALASKA-JUNBAU salt water was pumped 
from Gastineau channel, with two centrifugal pumps, 3000 gal. per min. each; each pump 
direct-connected to a 400-hp. squirrel-cage induction motor (120 P 251). At AvasKa- 
GASTINEAU, treating 10,000 tons a day with 5.2 tons water per ton ore, there is sufficient 
gravity supply for five summer months; the remaining months salt water is pumped with 
three 2-stage Byron Jackson turbines of 1000, 2000, and 3000-gal. per min. capacity respec- 
tively against a head of 275 ft., with the expenditure of 700 hp. (63 A 488). Water for the 
CuIno miuL, Hurley, N. M., is obtained from wells and streams, respectively five miles 
south, one mile northeast, four miles and five miles west, the last two using the same stcel 
pipe line. The pump stations are equipped with Aldrich electric-driven pumps (104 P 
464). Storage at Hurley is 3,000,000 gal. New water amounts to 18 per cent. of the 
7.1 tons in circulation per ton of ore. 

At the 4000-ton Panna concentrator at Katanga water is pumped from the river, two 
miles distant, by two 3-stage centrifugal pumps, each of 3300 gal. per min. capacity and each 
direct-connected to a 525-hp. synchronous motor. The pumps deliver through 24-, 26-, 
and 28-in. spiral-riveted pipe against 300 ft. head. After passing through the power- 
house condensers, the water is elevated another 200 ft. by three 2-stage pumps, each driven 
by 350-hp. synchronous motors. The capacity of the two mill reservoirs is 3,820,000 gal. 
(29 MM 1387). 

INSPIRATION, treating 14,700 tons ore per day (1924) obtains its daily supply of 6,700,000 
gal. (1.89 tons per ton of ore) of new water from six wells, 300 ft. to 1400 ft. deep in gravel, 
at a point 14,500 ft. from the mill (G. H. Ruggles, PC). Well pumps deliver through 1000 
ft: of 10-in. pipe against a static head of 80 ft. to the station pumps operating against a 
static head of 520 ft. and delivering to a 3,900,000-gal. mill reservoir through a 20-in. pipe 
line. The line is partly of steel with leaded beil-and-spigot joints, partly of flanged pipe. 
Power requirements are 3.49 kw.-hr. per 1000 gal. The approximate total cost is 5¢ per 
1000 gal. (= 2.2¢ per ton of ore). For recovery of old water see Art. 3. 

At the Ray ConsouipaTep mill, Hayden, Ariz., treating 10,000 tons of ore per day, 35,000 
tons of water per day is pumped from wells near the Gila River through 9000 ft. of 26-in. 
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wood-stave pipe against head of 310 ft. (W. S. Boyd, PC). The initial cost of the water 
plant was $400,000. Power for pumping is 1.3 kw.-hr. per 1000 gal. (1.09 kw.-hr. per 
ton of ore) showing an over-all efficiency of 75 per cent.; the total cost of water is 3.4¢ per 
1000 gal. (2.85¢ per ton of ore). No provision for recovery of water has been found necessary. 
The water circulation in the gravity section of the mill (jigs, tables, vanners) was 6 tons 
per ton ore. \ 

At Miami, treating 7000 tons of ore a day with an average water circulation of 3.5 tons 
per ton of ore, 1600 gal. of new water per min. (1.4 tons per ton of ore) is pumped from 
wells and mine shafts four miles away, against a total head of 862 ft. with an expenditure 
of 3.5 kw.-hr. per 1000 gal. at a cost of 7¢ per 1000 gal. (2.3¢ per ton of ore). Old water to 
the amount of 2500 gal. per min. (2.1 tons per ton of ore) is reclaimed from the tailing dam, 
against head of 160 ft., with an expenditure of 235 hp. and at cost of 1.5¢ per ton of ore. 
(For methods of reclaiming, see Art. 3.) In 1922 Miami spent 4.6¢ per ton of ore for mill 
water, or 7.1 per cent. of the total cost of milling, 


Chemical composition of the mill water may be important, especially 
when mine water is to be used. Mechanical troubles may be caused by the 
corrosion of metal by acid water, or by lime accretions deposited by hard 
water. Flotation is highly susceptible to variation in character of the water, 
_ with respect both to its soluble and its suspended matter, and certain special 
flotation methods require careful control of the character of water entering the 
mill. 


In Souru-rast Missouri it is common practice to use mine water as far as it goes, 
supplemented by pumping stations on Big River and Flat River. The water in circulation 
averages 7 to 11 tons per ton of ore, and a 3000- to 4000-ton mill can usually operate with 
a supply of new water amounting to 700 gal. per min. (4200 tons per day), the principal 
loss occurring with flotation tailing. The mine water often carries as much as 30 grains 
of caleium and magnesium salts per gal., and the piping, launders and tables of the mills 
require frequent cleaning (67 A 322). At Tun Mi Cuune mill, Korea, concentrating a 
highly complex sulphide ore exclusively by flotation (33 IMM 2), water is obtained 
by pumping from a reservoir fed by a stream which, during nine months of the year, 
carries a large proportion of suspended clay in addition to dissolved salts correspond- 
ing to 44 parts total CaO and 12 parts MgO per million. Coagulation is effected by adding 
3800 lb. of lime to the 1700 tons of water consumed per day (0.18 lb. lime per ton) 
followed by settling before pumping. Undissolved lime is injurious to flotation of this 
ore, but free alkalinity of 0.0004 per cent. CaO is helpful. Lime is not added during the 
3 months that the water is clear. 

At Consoiiparep Coprrrmines milk of lime was added to the discharged tailing just 
before it enters the final Dorr thickener, in order to overcome interference with flota- 
tion caused by sulphuric acid and iron salts. All mine water used in the mill was first sent 
to the same thickener, which was thereby made to act as a water-treatment plant, the 
overflow being returned to the main supply tank, while precipitated calcium sulphate and 
iron hydroxides were discharged with the thickened tailings. By a similar arrangement 
of flow at the Urau Consoxuipatep mill, constant character of mill water was maintained, 
although chemical treatment was not required. At the Uran Apnx mill, acid salts 
in the mine-water supply were neutralized, and at the same time a desirable flotation 
reagent was introduced, by adding sodium sulphide at the fine-crushing mills and combin- 
ing the flotation tailing and new mine water in the same Dorr tank, the overflow of which 
returned to the storage supply, while the thickened tailing, carrying also the precipitated 
impurities from the mine water, passed over concentrating tables and thence to waste. 


Water conservation may become necessary or advisable: (a) to economize 
in the supply of new water, where the latter is scarce or expensive to procure; 
(b) to save cost in pumping new water, where the escaping water can be col- 
lected at an elevation above that of its original source; (c) to avoid loss of 
useful material in solution; (d) to escape prosecution for polluting streams. 


The most notable examples of systematic conservation in the United States are found 
among the lead-ore concentrating mills of souru-mast Missouri, which recover 80 to 90 
per cent. of the mill water; the zinc mills of the JopLIN DisTRICT, and the copper-flotation 
mills of the Sours-west, whose average return of water ranges from 70 to 85 per cent. 
The Sra. BarBara lead-carbonate concentrator in Mexico returns over 90 per cent. of its 


circulating mill water. (See Table 13.) 
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A tailing pond is the most common means for recovery, sometimes in 
combination with mechanical devices, but frequently alone. For methods 
of forming retaining dams, see Art. 3. Water is clarified by natural sedimen- 
tation, or by discharging the slime portion of the tailing on top of a growing 
pile of sand tailing, which acts as a filter (57 A 332, 420). This latter method 
was formerly the usual practice in Sours-past Missouri, but is now largely 
abandoned in favor of settling ponds. 

Mechanical settlers, designed primarily for dewatering concentrate, 
sand tailing, ete., but incidentally yielding an overflow sufficiently clear to be 
returned to the mill circuit, can often be so placed as to afford considerable 
economy in returning water to the central supply tank. Devices of this type 
include the Allen, Boylan, Callow, Caldecott and similar settling cones, the 
Akins, Dorr, Esperanza, and other varieties of screw or scraper dewaterers, 
and Dorr settling tanks of the smaller sizes. Filter water is also suitable for 
returning. Jf not wanted where it can be immediately conducted by gravity, 
the clear water can be returned to the main supply system by pumps discharg- 
ing directly into the main water pipes in the mill, thereby avoiding a separate 
column pipe from each pump to the main pressure tank. 

Clarifying tanks, for the primary purpose of reclaiming water and dis- 
charging thickened slime, are now commonly of the Dorr type, having the 
advantage of large capacity with small loss of mill height. Tanks of the larger 
sizes, 50 to 200-ft. diam., are frequently placed out-doors (except in cold cli- 
mates) set with the bottom below the general level of the ground. 


Performance. See Table 13. At Parnes Dover, Morenci branch, reclaimed water 
(2310 gal. per. min.) is returned from a common sump against a head of 235 ft. by pumps 
requiring 200 hp, At the CHINno miu (see Table 13) the total power for water circulation 
is 1850 hp., including pumping of the original supply (see p. 1278). At Copper QurENn 
(see Table 13) the water content of discharged tailing is reduced from 75 per cent. to 35 
per cent. before discharging to the sand retaining dam, where an additional recovery of 
water is secured. Water recovery at INsprRaTION is described in Art. 3. SouTH-BAST 
Missouri practice is, in general, to dewater sand tailing by drag scrapers or shovel wheels, 
thus obtaining clear water, and to impound slime tailing. 


3. Situation of mill with respect to tailing disposal 


General. The necessity of providing for the economical and satisfactory 
disposal of tailing, usually amounting to 75 per cent. and frequently approach- 
ing 100 per cent. of the tonnage delivered to a mill, has often been the deciding 
factor in selection of a mill site, especially for a large plant treating ore from a 
mine with an assured long life. Some of the factors that enter the problem 
are: (a) maximum economy requires gravity flow of the tailing to its destina:- 
tion; (b) gravity disposal involves the use of water as a carrier and not all of 
this can be recovered; (c) mechanical elevation of tailing and the accompanying 
water may be a necessary preliminary to gravity disposal; mechanical stacking 
of dewatered sand tailing is an alternative; (d) areas of land may have to be 
acquired solely for tailing disposal; (e) special precautions may need to be 
taken against pollution of streams by soluble or suspended matter; (f) specia 
haulage facilities may be needed; (g) tailing from which it is hoped to extract 
valuable ingredients by subsequent operations will usually require additiona 
expense for suitable storage; (h) in a few cases, the tailing has enough present 
market value to become a source of revenue, or at least to pay for disposal. 

Direct loading into cars is a common method of disposing of coarse waste 
especially that produced by hand sorting or by dry methods of concentration 
as in Lake Supertor “rock houses,’’? Wisconsin zine mills, coal washers 
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magnetic iron concentrators, etc. At wet concentrating mills, the advantage 
of this method, even where gravity disposal is utilized for finer tailing, is that 
it avoids waste of the large volume of water that would be required to flush 
coarse material down a flume. 

Former practice in souTH-EASTERN Missourt was to dewater sand tailing in an elevated 
tank from which the settled product passed through spigots into cars drawn to a dump 
by locomotive. This plan is now obsolete, but in modified form (tailing mechanic- 
ally dewatered before transfer to a bin) is still practiced at Sv. JosweH Leap Co., Bonne 
Terre mill (57 A 420). At Bunker Hiwt & Suttivan, sand tailing is occasionally diverted 
from an elevated gravity flume into railroad cars and hauled away for ballast. Tailing 
from the leaching vats at Ajo is loaded by truss excavator into the same cars that bring 
the crushed, raw ore to the plant. Unusual circumstances at the Mocrrzuma mill formerly 
required conveyance of de-slimed sand tailing across a gulch by aerial tram; the tailing 
now is all slime and flows by gravity to settling ponds. 

Gravity flushing of wet tailing of medium to fine size is always adopted 
if conditions permit; the method may require assistance of mechanical ele- 
vators, and is frequently employed in such a manner as to permit recovery of 
water. Design of a tailing launder requires special attention because: (a) 
it is usually longer than any launder inside a mill and, if given a grade steeper 
than is actually necessary, will sacrifice an undue amount of available head; 
(b) it carries a larger volume than individual mill launders and should be 
designed to do this without the addition of valuable water for flushing; (c) 
abrasion, while no more severe than in mill launders conveying the same 
material, demands more extensive renewals; linings should therefore be spe- 
cially designed for durability and ultimate economy. (For general data on 
dimensions and slopes of launders, see Art. 6 and Sec. 20, Art. 10.) 

At Bunxerr Hixzt & Sutirvan the sides of a wooden tailing launder, 24 in. wide, are lined 
with concrete slabs, 1 ft. square and 1.5 in. thick, or white-iron plates of the same size, 1 in. 
thick, or with discarded elevator belt with the rubber-protected side against the walls. 
The bottom is riffled transversely, at 24-in. intervals, with 34-in. white-iron strips 6 in. 
wide, standing on edge; sand resting between the cleats prevents wear on the bottom 
(S. A. Easton, PC; 120 P 525). The slope is % in. per ft. At Unirep Eastern fine- 
crushed cyanide tailing (46 per cent. water) is distributed by gravity through 6-in. slip- 
jointed, iron pipe laid with 3° (% in. per ft.) minimum slope. 

Impounding of tailing has three purposes: (a) to save the solid for future 
treatment, as at Anaconda, Panda, and Chino; (b) to give opportunity for 
settling and recovering water, as in Missouri, the South-west, Mexico, and 
elsewhere; (c) to avoid pollution of streams, as at Engelmine, Cal., certain 
anthracite washeries, and at numerous cyanide mills. ‘ailing ponds may be 
formed by excavation in earth, as at Anaconda; by concrete dams, as at 
Engelmine; or, more commonly, by dams formed from the tailing itself; the 
latter is common practice in the South-west. Impounding dams are fre- 
quently used to catch the water remaining in the thickened product of mechan- 
ical dewaterers. 

Tailing dams are built by discharging a stream of pulp from a launder 
elevated on a trestle of light construction, from which, as the pile accumulates, 
some of the horizontal timber can be recovered. To build a stable dam 
with maximum slope of face requires that slime be removed from the sand 
before the latter is placed. The slime, deposited separately above the sand 
dam, effectively fills the pores in the upper layers of sand, but does not increase 
the tendency of the dam to slide. De-sliming may be done in the mill, dis- 
charging the two tailings through separate launders, or in improvised or reg- 
ularly-constructed classifiers, situated on the tailing-dam trestle, and deliver- 
ing slime overflow at a distance from the sand. In some cases the topography 


permits the tailing sluice or pipe line to be laid on the surface. 
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At Oxp Dominion 700 tons per day of flotation tailing (practically all —48-mesh, and 
56 per cent. —200-mesh) is car- 

; Up Old ried by gravity in an unthickened 

Side f hill mill pulp of 20 to 25 per cent. solids 


through 8-in. steel pipe having a 

minimum length of 1600 ft. and 

maximum of 3600 ft. (See Fig. 
) 


Hi es Vig) is 50 ft. 
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Munna ces. ad UAL Ce and the pipe is laid at any con- 
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Dorr duplex classifier at the 
Old tailing 
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4%, Dorr classifier 4s, 
ay eve a Tailing pond 


rs 
Sand “MN 


Down <= Creek bed face of the dam, mounted with 
Old tailing its motor ona truck, periodically 
ponds moved ahead on a 20-ft. section 


of track, when a corresponding 
section of pipe is introduced 


be -Miami highway Wo Ghbecs.: (See Fig. 2.) Sands, constitut: 
ape : es ing about one-third of the solids 
Fig. 1.—Plan of tailing dam, Old Dominion. are deposited ahead of the clas: 


sifier, forming a long, narroy 
dam on a hillside, while slimes discharge sideways into the pond. The dam section in proc: 
ess of building is 12 ft. high and 12 ft. wide at the top, with side slopes of 45°. When « 
12-ft. layer has been completed to 
the limits of its width (200 ft.), Movable Derr olassifier 
another layer is started on top. J 
When the maximum height of the 
present dam, vz.- 30 ft. above 
ground, has been reached, another 
will be started at a lower point. 
One man attends the classifier 
and shapes the dam. The cost 
of disposal, 24%4¢ per ton, is rela- 
tively high because of the long, 
narrow shape of the dam. Water 
is not reclaimed, but overflows by 
a wooden standpipe and flume 
through the dam. Hire. 3.— Ol ini ildinge 
At Insprration 14,200 tons ga Rrra ce of, ,bullding 
per day of table and flotation } 8 3 
tailing (94 per cent. —48 and 52 per cent. —200-mesh) is disposed of entirely by 
gravity (C. EZ. Chaffin, PC). All table tailing and part of the flotation tailing ar 
thickened just outside the mill 
to recover water at as high : 
ae al level as possible. The feed t 
( the roughing tanks carries 22.( 
per cent. solids; the overflov 
going to the Dorr thickener, 
carries 22 per cent. solids. Th 
' total water recovered is 4600 gal 
per min., or nearly 50 per cent 
of the whole circulation. Th 
final discharge to the tailing dam 
—= + containing all thickened product 
d and the unthickened portion o 
flotation tailing, averaged 31.. 
per cent. solids during 1922 
This flows in an open launde 
3000 ft. to the nearest corner c 


the tailing dam, roughly squar 
ian gets | in plan, and then in either on 
xe LL | pe L of two elevated launders, abou 


5000 ft. long, each extendin 
half-way around the perimete 
Fic. 3.—Tailing launder and trestle, Inspiration. The launders are 4 ft. wid 
and 2 ft. deep, made of 2-1 

plank with battened joints and have a uniform grade of 14 in, per 100 ft. Collars < 


Longitudinal section 
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3-ft. intervals are made of 4 X 6-in. sill and 2 X 4-in. posts and cap. The trestle (Fig. 
8) ranges from 30 to 70 ft. high. Bents are spaced 12 ft. For bents up to 50 ft. the legs 
and caps are 4 X 6-in., battered 3 in 12, transversely braced in 12-ft. panels with 2 x 6-in. 
-eross braces. For higher bents, 
the posts are increased 50 to 
100 per cent. in section. A 
walkway 2 ft. wide with hand- 
‘rail is carried at one side 
of the flume. Longitudinal 
bracing is effected by means 
of purlins spaced 12 ft. and 
slant bracing as shown in Fig. 
3. The total load is 750 lb. 
per linear ft. Total lumber 
for a 30-ft. trestle is 900 bd. 
ft. per 12-ft. section. 

Sand is de-slimed in auto- 
matic cones (Fig. 4) 15 4-in. 
inside diameter at the top, 
2-in. diameter at the bottom, 
and about 3 ft. 2 in. deep, 
made of No. 20 galvanized 
sheet. The cone is suspended 
by straps from counterweight- 
ed levers (a). The valve rod 
(b) is fixed in position so that 
when the cone is filled with 
pulp at low density the valve Fig. 4,-De-sliming cones, Inspiration tailing dam. 
is closed. As sand collects 
and the weight of the cone increases, it drops somewhat and the valve opens, discharging 
thickened sand. 

The cones are spaced at 12-ft. centers along the trestle. They are fed through 34-in. 
pipes inserted through the side of the flume. Sand and slime are discharged through short 
spouts, the former to a marginal pile and the latter to the enclosed pond. (See Fig. 6.) 
Of 400 cones installed, 250 are in use at a time; one man per shift watches 80 cones and 

1000 ft. of flume. Other labor 

- pe Pi includes a boss and three men 
x Peni illo ae Ms per shift. Wet sand settles 
Se cary ciaahags ee ‘ to a slope of 1% tol. The 
marginal pile is raised to 


i, sl + height of 40 ft., with a top 

4 | : width of 12 ft. When the 
| | 40ft. enclosed area is filled with 

| Le Ya slime, a new trestle is erected 


on top and about 80 ft. back 
from the edge of the preced- 
ing pile; the resulting terraces 
are necessary to prevent leak- 
age. In Feb., 1923, the fourth 

Fic. 5.—Section of tailing dam, Inspiration. parent abot onhag Ares es 1a 
of ground, and was expected to impound two years’ tailing; lower ponds will then be 
started, as no higher level can be reached without pumping. Table 15 gives costs. Prior 
to 1920, about the same annual tonnage was distributed to four smaller ponds at costs 


ranging from 2.65¢ to 3,71¢ per ton. 


a Slime 


round line’. .-° 
YY} SSS 


Table 15. Cost of tailing disposal at Inspiration mill (cents per dry ton) 


2 ; Launders A Operating iViiseal Total 
Year Tons solid Ree Ke Drain Isbor iscel. ota 
1920 4,943,000 0.488 0.168 0,490 0.224 1.370 
1921 884,950 1.420 0.463 0,539 0.168 2.690 
1922 3,534,000 1.120 0.090 0,550 0,460 2.220 
1923 4,957,730 1.620 0.100 0.570 0.120 2,410 
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See Table 13 for water recovery. Triplex pumps deliver the overflow of the thickene 
against a head of 125 ft. with power consumption of 0.801 kw.-hr. per 1000 gal. ata tot 
cost of 1.25¢ per 1000 gal. Water from the pond is returned by centrifugal pumps again 
a head of 280 ft., with consumption of 3.23 kw.-hr. per 1000 gal. at a total cost of 5¢ p 
1000 gal. 

Weta, since Dec., 1923, has disposed by gravity of a daily average of 7000 tons | 
flotation tailing (98 per cent. —48- and 55 per cent. —200-mesh) in an unthickened pu 
carrying about 27 per cent. solids, or at the rate of approximately 3300 gal. per min. (Cm 
Chaffin, PC). This flows through 4000 ft. of 18-in. redwood stave pipe under a head | 
26 ft. The pipe is large enough to allow sand to settle on its lower side and protect it fro 
wear, It lies on the ground, at no special grade (at one point passing over a low hill 
except where it crosses the slime pond ona trestle. When it is necessary to raise this trest] 
sand is allowed to flow through holes in the bottom of the pipe, forming a ridge across tl 
middle of the pond. The pipe delivers to a distribution box from which two launders e 
tend, one for 2400 ft. and one for 1600 ft., in opposite directions along the face of the dar 
The launders are V-shaped, with 24-in. sides, made of 2-in. plank, set on a grade of | 
to 346 in. per ft., and have V-notches to the full depth on the dam side at 20-ft. interval 
They are supported ona trestle (Fig. 6), 30 to 60 ft. high, 25 ft. back from the outer edge of tl 
dam. The bents, 10 ft. apar 
are made of 4 X 4-in. pos 
and 2 X 4-in. braces. TI 
entire flow in each launder 
discharged through its lowe 
notch, and directed towai 
the face of the dam by : 
apron 9 ft. long, 4 ft. wide a1 
1 ft. deep, made of 1-in. boarc 
1 3°Coverin The sands settle on the ban 

of woo while slime flows inwardly t 
ward the pond. When t 
sands have accumulated to 
depth of 6 ft., the next high 

oe : notch is opened, and the prc 

W = finished width of top when dry. H = height of dam °S8 }8 repeated until a 6- 
for stacking dry sand. For stacking wet sand for finished yer has been deposited ba 
top width W, place stake at S; for semi-wet sand move to the distribution box. TI 
slope stakes in H/4 from S. part of the operation requit 


: an caesar i man per shift, with anoth 
Fic. 6.—Section of tailing dam, Miami Copper Co. man = A a Wee ae 


shift, or 5 men per day. 
dam 6 ft. high is next formed along the outer edge of the pile by an American railw 
ditcher operated by three men and requiring 45 days (one shift) to complete a dam alo 
the whole length of the tailing pile. The outer face of this dam, sloping 114 to 1, is ec 
tinuous with the general outer slope of the whole pile; no terracing is necessary. O 
§-ft. dam provides retaining space for 6 months, or 1,250,000 tons. The highest point 
the dam (early 1924) was 200 ft. above ground; additional height will require pumpi 
of tailing, as was formerly practiced when the mill discharged from a lower level. Wo 
chips, collected on screens attached to Dorr classifiers in the mill and amounting to 3 
4 tons (dry) per day, are spread loosely in a 3-in. layer over the outer slope of the pile 
alleviate nuisance from blowing dust. The cost of gravity disposal (1923) including tres 
and launder building, ditcher operation, labor and maintenance wes 1.61¢ per ton; t 


additional cost of collecting, transporting and spreading wood chips was 0.75¢ per t 
of tailing. 


S= Top finish slope stake 
Ttol 


- Launder height x13 +25-0" ~~ 


Clarification of tailing water to avoid pollution of streams is required | 
the laws of certain states. 


At ENGELS, a concrete tailing dam, preceded by three Wsperanza drag classifiers in ser 
and one 80-ft. Dorr thickener, is used. Lime is added in the proportion of 1.76 lb. G 
per ton of ore, to assist settling. The cost of clarification (1920) was 17¢ per ton of « 
milled; water is not recovered (123 P 183). Settling ponds are frequently inadequate 
the desired degree of clarification at PENNSYLVANIA ANTHRACITE WASHERIES and electroly 
methods of coagulating fine suspended matter are under development. 


, Elevation of tailing is adopted, either to stack comparatively dry taili 
in a pile or to extend the radius of gravity disposal. The most commor 
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employed means of elevation are: (a) inclined trams, as at anthracite breakers 
and some So. African gold mills; (6) sand wheels, notably at some Lake 
Superior copper mills; (c) belt-bucket elevators, as in the Joplin district, and 
formerly at Chino; (d) inclined belt conveyors, as in south-east Missouri and 
more recently at Joplin; (e) centrifugal sand pumps, as at Bunker Hixy and 
SULLIVAN, and formerly at Miami; (f) air-lifts, of which there is a noteworthy 
installation at the Cuno mill. 

Sand wheels up to 60-ft. diameter have been used in So. Africa and are 
still retained at CaLumET anp Hecta copper mills, for transferring tailing from 
the main concentrator to re-treatment works, on account of their simplicity, 
durability and efficiency. For details see Sec. 20, Art. 14. 

Belt-bucket elevators are frequently used for tailing disposal in the Tri- 
State district but are gradually being replaced by inclined conveyors handling 
dewatered tailing (H. H. Wallower, PC). When the disposal space within 
reach of the mill elevator and its distributing launder is exhausted, a second 
elevator of the same height is erected on top of the first pile, receiving its pulp 
through launder from the top of the first elevator, and distributes its dis- 
charge by a second launder. The system is extended in this manner until as 
many as three or four intermediate ‘‘ dummy ” elevators are installed in addi- 
tion to the mill elevator and the final stacker. 


Owing to the grade (2 in. per ft.) required of the connecting launders, and an unavoid- 
able drop of 6 ft. at the upper end of each elevator, the combined lift of the elevators will 
be about twice the height of the final pile, and all water required for flushing through the 
successive launders (1.7 tons per ton of tailing) must be elevated the same distance. An 
average mill of the district discharges 25 tons and a large mill 45 tons of tailing per hour. 
At an average mill, elevator belts are 8-ply, 24 in. wide, with buckets 24 by 7 in., made 
of 10-gage steel, spaced on 18-in. centers; this permits 3 shifts of buckets during the life of 
one belt, which is usually about 18 months. Average speed is 275 ft. per min.; average 
power for a system containing one or two dummies, 0.44 hp. per ton of pulp, equivalent 
to 1.18 hp. per ton of dry tailing deposited. 

A new 60-ft. dummy elevator costs about $2000 complete, itemized as follows; 136 ft. of 
belt @ $3.85 = $524; 90 buckets @ $1.31 = $118; 1 spout, $40; 15-hp. motor and 
material and erection of elevator structure, $1318. Cost of operation of a system contain- 
ing five elevators will average, per year: power (300 days of 20 hr., 75 hp. @ 1.5¢ per 
hp.-hr.), $6750; labor for maintenance and attendance, $250; total, $7000, equivalent to 
4.7¢ per ton for a mill of average size, or 2.6¢ per ton for a large mill. 


Inclined belt conveyors represent standard practice in the lead belt of 
SOUTH-EAST MissourI, where a single mill may dispose of 2000 to 4000 tons of 


sand tailing per day (57 A 322). 


The sands are mechanically dewatered (shovel wheels are preferred) to 8 to 20 per 
cent. moisture and delivered to a rubber-covered belt conveyor, usually 24 in. wide, inclined 
16°, and moving 300 to 350 ft. per min.; in one exceptional case, the speed was 475 ft. per 
min. up 23° slope; in general, 18 per cent. moisture will cause tailing to slide on a 16° slope. 
The belt is usually lengthened by units of 75 ft., as the pile gains height. Idlers for this 
wet work must stand hard usage. The standard 5-pulley grease-lubricated type is in 
general use, experiments with ball-bearing idlers having proved disappointing. Discharging 
from the belt may require assistance by air or water jets. Tailing is distributed from the 
end of the belt through semi-circular launders (9-in. radius) of No. 10 sheet iron in 4-ft. 
sections. They are laid on the pile with a slope of 2.5 to 3 in. per ft. Flow is assisted by 
water (formerly also by flotation tailing) pumped through a pipe from the mill to the upper 
end of the conveyor; in some cases part of this flushing liquid is dropped on the flank of 
the sand pile, washing out a cavity to be concurrently filled with sand from the conveyor. 
Slime tailing was sometimes filtered through sand piles, yielding clear water to the reclaiming 
pond, but impounding dams for slime tailing are now practically always used. 

At certain mills of the Tri-State prstrict (H. H. Wallower, PC) the tailing, previously 
dewatered by cones, drag scrapers, shovel wheels, screens, etc., is now stacked by inclined 
belt conveyors instead of by elevators. Fig. 7 illustrates one method of arrangement. 
One 250-ft. conveyor inclined at 20° will replace a mill elevator, final stacking elevator 
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and two dummies, with their connecting launders; the power consumption will be abou 
one-third that for the four elevators, and the life of conveyor belt is 244 to 3 times tha: 
of elevator belts; attendance is alsoreduced. At the Govpmn Rop mill, one 450-ft. inclinec 
belt replaced tive elevators and avoided erection of a sixth and was expected to save $21,10( 
in a four years in addition to refunding the cost of the conveyor ($6300). The usual bel 
in the Tri-State district is 18 in. wide, inclined at 20°. Speeds are: 175 ft. per min. for 3. 
tons per hour; 220 ft. per min. for 45 tons; 230 ft. per min. and a 20-in. belt for 55 ton 
per hour. At one plant, stacking by a conveyor 260 ft. long rising 85 ft., requires 0.5 
hp.-hr. per ton, including dewatering wheel, conveyor, and slime pump. 

Tailing is distributed from the head of the conveyor with or without the addition o 
water. A common means for distribution without additional water is an auxiliary hori 
zontal reversible conveyor, at right-angles to the elevating conveyor, and extending in bot: 
directions. The Gotpen Rov mill will install a 40-ft. distributing conveyor pivoted a 
its feed end and supported by cable from an A-frame at the head of the inclined conveyor 


Section A: 


Fie. 7.—Tailing conveyor. 


this can then swing 180° and may be inclined to afford additional elevation. In the w 
method, the inclined conveyor discharges into a box which also reeeives flotation tailir 
pumped up from the mill; the combined pulp then flows through a steel launder slopir 
2 in. per ft. The average mill, discharging 45 tons sand tailing per hour, will pump 2: 
gal. per min. of flotation-tailing pulp the solids in which average 98 per cent. —100-mes 


Centrifugal sand pumps are now available in durable types and adequat 
sizes to stand the severe service of pumping large volumes of tailing. (KX 
pumps in general mill service, see Art. 6; also Sec. 20, Art. 11.) Sands up 1 
Yin. size can be pumped safely, if carried by at least three parts of wate 
coarser sands are being pumped, but at the cost of excessive wear. Pulps belo 
48-mesh can be pumped at a dilution of 1:1; and, in general, trouble dtu 
to sedimentation is less likely to occur with thick than with thin pulp 
Pipes through which coarse pulps are being pumped should be inclined : 


least 20° from the horizontal, to permit complete drainage when the pum 
stops. 


At Uran ConsoripatTep 950 tons per day of tailing (80 per cent. —200-mesh) in pu 
carrying 40 per cent. solids is pumped against a head of 35 ft., using a 6-in. Wilfley pum 
Bunker Hitt & Suuiivan lifts 600 tons of general tailing with 24,000 tons of waver per d 
against a 25-ft. head (to a gravity flume) with a 12-in. Byron Jackson pump diree kd 
nected to a 75-hp. motor at 900 r.p.m. (420 P 525). Mramr formerly used three 6-in. W 
fley pumps (with three others always in reserve) to lift 3300 gal. per min. of tailing pu 
carrying 22 to 27 per cent. solids (averaging 6000 tons dry solid per day crushed to 48 mes 
against a total head of 46 ft. Each pump was driven at 1020 r.p.m. by belt from a 50-h 
motor; the power requirement was 0.45 kw.-hr. per dry ton. The delivery pipe was 18 ; 
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diameter and was steel for a short distance from the pumps, the remainder redwood; total 
length, 1280 ft. The average pulp velocity was 4.2 ft. per sec. The expense per dry ton 
was: power, 0.594¢; labor and supplies for operation, 0.224¢; maintenance of pumping 
plant, 0.212¢; total, 1.032¢, not including labor on the dump. Wood pipe showed no wear 
after 18 months (C. H. Chaffin, PC). This system is now displaced, rearrangement of the 
milling process having made it possible to discard tailing by gravity from a higher level 
. (see p. 1284). 

; Air-lifts were installed at the Ca1no Copppr Co. in 1919 to raise 12,000 (dry) tons of 
tailing per 24 hr. to a height of 40 ft., delivering into a gravity launder (J. M. Sully, PC; 
112 J 806). For details of construction and operation, see Sec. 20, Art. 15. The costs 
for the initial period of 16 months (Sept., 1919 to Dec., 1920), for 9 months of 1922 (resumed 
Apr, 1 after a year’s suspension), and for the year 1923, are compared in Table 16. 


Table 16. Operating cost, Chino tailing air-lift 


16 months, | 9 months, | year, 1993 


1919-1920 1922 
Ore milled, tons..... ay sietaeues wie sc RE ERR MICA SPER circ axe 1,416,869 2,785,564 
Tailing lifted, tons...... Efe abietale! kei servers eager ich 2,207,922 1,348,619 2,645,182 
Cents per Cents per Cents per 
dry ton dry ton dry ton 
Steam power............ Sateen elses ehsuesetees 0.687 0.675 0.721 
Electric power (condenser auxiliaries)......... .102 O91 .078 
Compressor labor (operation and repairs)...... .120 -063 . 064 
Plant labor (mostly repairs)....... ekeseieid Wace s 2022 .194 A tiaul 
Compressor SupplieSn.s. a .rie ccc tacce cs Tein aes .040 .059 .021 
HAM SUP DITES dais sAule «ia)d\s eyed 3.8 Sean On ah hem 017 .261 . 087 
Total peridryiton lifted: daisies «cece tie: 0.988 1.343 1.082 
Total per ton milled............ | IOS ine el Ge RS ee 1.278 1.028 
Total per ton, of, pulpij..s sess ae Soe Oe EAS SoS livactescetestoistenal trenton 


During the first 16 months, a belt-bucket elevator in the mill was lifting a slightly 
greater volume of the same pulp to a corresponding height at total cost of 1.954¢ per dry 
ton (0.293¢ per ton of pulp). In addition to the indicated saving of nearly 50 per cent. 
in operating cost, the air-lift had the additional advantage of causing no delay for replace- 
ments, and of being more elastic in its power requirements. The air-lift was able to start 
and clear itself after the foot-piece had been buried under 32 ft. of settled slime. The 
estimated cost of a bucket-elevator installation for the same service as the air-lift plant 
was 33 per cent. greater than the estimated cost of the latter. During 1921, experiments 
demonstrated the possibility of air-lift elevation for tailing from the coarse-concentrating 
department, containing everything up to 1-in. size in a pulp with 50 per cent. solids in sus- 
pension. 


Possibility of utilizing tailing may have a bearing on the selection of the 
method for temporary disposal. Common uses for mill tailing are: (a) mine 
filling, as at certain mines in the Lake Superior copper district, Butte, So. 
Africa, and West Australia; (b) for re-treatment, as at the Calumet & Hecla, 
Utah Copper, Anaconda, Chino, and Panda mills; (c) for road building, rail- 
road ballast, and structural purposes; (d) for recovery of soluble constituents 
by natural efflorescence, as at certain cyanide mills; (e) for agricultural pur- 
poses, as at Mascot, Tenn. 

Mine filling. At the Cuampron mine deficiency of coarse waste filling is made up by 
hauling mill tailing up to 14-in. size in railroad cars and dumping into a raise connecting 
with the working levels. The sand is distributed in the stopes by blowing through pipes 
up to 250 ft. long from a tank holding a charge of 1.5 tons, using air at 75 lb. pressure. The 
cost is 2¢ per ton of sand moved. Burning stopes in the Lyonarp, Tramway and Wrst 
Coxusa mines, Butte, were filled with flotation tailing, both old and currently produced, of 
which 50 per cent. was —280-mesh. The material was sluiced through a 3650-ft. flume, 
23 in. wide, on 2-per cent. grade, in a pulp carrying 20 to 50 per cent. solids and 250 to 600 
gal. water per min. Pulp was conducted down the shaft in a 6-in. cast-iron pipe and dis- 
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tributed 800 to 1000 ft. laterally through 4-in. pipe (cast and wrought) with bends of 4-f 
radius. A head of 100 ft. was usually satisfactory for distribution (68 A 61). 

Re-treatment of tailing by tabling, ammonia leaching, and flotation, forms an importa 
part of the present milling operations at CaLumer & Hecua (117 J 277), the material havir 
been formerly deposited under water and along the shore of Torch Lake, from which it 
reclaimed by suction dredges. (See pp. 78, 967.) At ANaconpa, when starting the mi 
in 1901, slime tailing was saved for future treatment by collecting it in six earth pond 
each 300 by 600 ft. in area and averaging 15.5 ft. deep, the flow, when possible, being co1 
tinuous through three ponds in series. Settled material was excavated by drag-line scrap¢ 
and piled alongside the ponds (46 A 249). In subsequent years, this accumulation afforde 
notable amounts of cheaply recovered copper. At CuxrIno a similar plan was followe 
during early operations, and later a 1000-ton mill was erected to treat the accumulate 
tailing. At Panpa, 4000 tonssper day of a copper-carbonate ore is concentrated by jig 
and tables. The tailing averages 5 per cent. Cu, easily recoverable by leaching, for whic 
treatment it is being impounded (29 MM 137, 5 MMt 55). At the Swrrnry mill, Ke 
logg, Id., 1,200,000 tons of jig, table, and flotation tailing, —20-mm. in size and averagin 
1.9 per cent. Pb, was re-treated. The pile had been formed by the Joplin method of elev: 
tors and launders (see p. 1285); it covered 20 acres, had maximum height of 70 ft., max 
mum slope of 20° 07’, a minimum natural slope of 4° 30’, and weighed 110 lb. per cu. f 
It was reclaimed by steam shovel, standard-gage cars and locomotive, and inclined be 
conveyor. (119 P 289.) At Urau Leasine Co. (p. 99) old tailing (0.7 per cent. Cu ¢ 
chalcopyrite) from the Cactus mill was reclaimed at the rate of 620 tons per day by stea1 
shovel and 5-ton cars hauled 1000 ft. by a steam locomotive. 

In general, when disposing of tailing in expectation of subsequent re-treatment, tk 
following precautions should be observed, where practicable, even at some additional co; 
(68 A 178): (a) when starting a mill, the earliest tailing should not be placed so that 
will be buried under later accumulation, which will probably be of lower grade; (6) mic 
dling should not be mixed with tailing; (c) tailing should be placed in a deep and narro 
rather than a broad and shallow deposit, to facilitate reclamation; (d) sand and slime tai 
ing should be separated; the latter is not only lower in grade but also needs no re-crushin 
before further treatment. 

Road building and railroad ballasting consume important amounts of coarse mill tailin 
in the tri-state, south-eastern Missouri, Lake Superior, northern New Jersey and nume 
ous other districts situated near populous communities. At the RicHarp mine, Dove 
N. J., a large part of the hard, light-colored tailing from dry concentration of iron ore 
sold for structural purposes within a radius of 100 miles (115 J 973). Two coarse grade 
—2 + 3-in. and — % + \-in., sell for $1 per ton, and sand — \-in. for 80¢ per to 
The income from this source is a set-off against fine crushing for recovery of addition: 
iron. The jig tailing from the AMERICAN Z1INc, LEAD AND SMELTING Co. mill at Masco: 
Tenn. (5£-in. maximum size), is re-sereened and classified into sized products suitable fc 
various structural purposes; the largest consumption is for railroad ballast, but some 
shipped as far south as Tampa, Fla. A finer material (80 per cent. —200-mesh) is shippe 
as far as New Orleans, Memphis, and Washington, for use in street and road constructio 
(H. I. Young, PC). 

Brick of excellent quality and high acid resistance is made from ANACONDA flotatio 
tailing, which averages 20 per cent. alumina; the same practice is applied to mill an 
cyanide tailing at the Opp mine, Oregon (115 J 492). 

Agricultural uses. The fine limestone flotation tailing (85 per cent. —100-mesl 
at Mascor finds a good local market as soil dressing because of its lime content. 


4. Topography of mill-site 


General. The slope of the ground selected for the mill-site is not only a de 
termining factor in the cost of construction, but also has an important bearin 
on the cost of operation. Classified with respect to the slope of the site, mi 
buildings are of four general types: (a) Terraced, on steep hillside. EX AMPLne 
Alaska-Gastineau, Britannia, Copper Queen, Engels, Kimberley (B. C. 
Le Roi No. 2, Liberty Bell, Nevada Consolidated, Panda, Silver Dyke, Silve 
King, stinmngae ie Utah Consolidated, Utah Copper: (b) Low, broad buildin 
on practically level ground. Exampins: Armstead, St. Joseph Lead Cx 
(Bonne Terre), Federal Lead Co. No. 3 (Flat River), American Z. L. & 8. Ci 
(Mascot), and the typical mills of the Joplin district. (c).Tall and relativel 
narrow structure on level or slightly sloping ground. Exampies: man 
anthracite breakers, Bunker Hill & Sultivan, Calumet & Hecla, Northern O1 
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Co. (Edwards, N. Y.), Richard. (d) Composite type, represented by United 
Comstock, Ray, Miami, and numerous other cyanide and flotation mills; 
in these, the coarse-crushers and screens are housed in a tall structure (some- 
times separated by some distance from the concentrator) while agitators, set- 
tling tanks, tables or flotation machines are covered by a low broad building 
- with little or no slope. 

The CONSTRUCTION FEATURES most affected by slope of site and type of mill 
are: excavation, retaining and foundation walls, design and erection of frame, 
with special reference to support of heavy or vibrating machinery and snow 
loads; natural lighting, and ease of enlarging. The oppRATING FACTORS 
most strongly influenced are: elevation and re-elevation of ore and its products, 
pumping and re-pumping of water, labor required for supervision, facility in 
making repairs and replacements. 


Excavations required for a terraced site are not only larger in volume than for’a level 
or gently sloping site, but are also more expensive per cubic yard, owing to the difficulty 
of employing horse or mechanical traction in the constricted working spaces. For methods 
and cost of excavation, see Peele, Merriman, Gillette. See also Table 43. 

Retaining walls are an essential feature only in a terraced mill, although occasionally 
required elsewhere. On a steep hillside in loose material, retaining walls must have excep- 
tional solidity to withstand the combined settling effect of drainage and the jarring of heavy 
machinery. When benches are in rock, retaining walls become more or less ornamental 
only, and are sometimes omitted. Retaining walls generally serve also as foundations 
for building and equipment. See Sec. 27, Art. 14. 

Foundations for the mill building (aside from retaining walls) need have only moderate 
bearing strength for mills of low average height; in such mills, both terraced and level, the 
massive equipment rests on the ground, leaving little but the walls, roof, cranes and eleva- 
tors to be supported by the vertical members of the structure. In tall mills, while it is 
possible likewise to place the heaviest crushers on the ground, provision must usually be 
made for carrying heavy and vibrating loads on fairly long vertical columns, and the foun- 
dations for these must be substantial. Safe bearing pressures for earth and rock are given 


in Table 17. 


Table 17. Safe bearing pressures, tons per square foot. (After Baker) 


Minimum | Maximum 
Rock equal to the best ashlar masonry... 25 30 
Rock equal to the best brick masonry... 15 20 
Rock equal to poor brick masonry...... 5 10 
Clay in thick beds, always dry.......... 6 8 
Clay in thick beds, moderately dry...... 4 6 
Clsy-IDASOLb DEUS=4. cree hae ek aes 1 2 
Gravel and coarse sand, well cemented... 8 10 
Sand, dry, compact, well cemented...... 4 6 
Sand .clean,<@Pr yeas tages cect craven vate 2 4 
Quicksand; ‘alluvial’soitls. 00-0. o. As!. 2. 075 1 


Design and erection. In a terraced mill considerable diversity will occur in the dimen 
sions of the several panels and their individual members, calling for a large amount of 
detailed designing. rection is retarded by the necessary distribution of structural ele- 
ments over a large area and at numerous levels. A tall mill also requires skillful and de- 
tailed designing; its erection is usually more rapid than that of a terraced mill because 
the materials can be assembled at a few convenient points, and hoisted into place by one 
or two derricks. A low, flat building has the advantage of simplicity in design; standard- 
ized, stock types of trusses can be selected, and the height of vertical members can be 
reduced to a few dimensions by bringing foundation walls or piers up to a common level 
at small expense. Erection of such a building can be done by men working mainly from 
the ground, with the assistance of a few gin poles. Cost data relating to the erection of 
typical mills are given in Art. 11. Spx) ‘ 
Mipetarzemente are made most easily at a terraced mill, since the direction of flow is 
usually directly down the slope, with only subordinate amounts of lateral transfer of prod- 


i 
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ucts, and additional and similar sections at either end can be readily supplied with or 
by an extension of the receiving bins, or by a distributing conveyor. A flat mill can usu 
ally be extended in the same manner, provided it has been designed with a flow mainly i 
one direction. A tall building offers the most difficulty, since its ore must be received a 
a central point and the flow is mainly vertical. Bunker Hint & Suxiuivan doubled th 
original capacity of its No. 2 West mill by erecting a duplicate 5-story addition on th 
opposite side of its receiving bin. 

Gravity flow of feed and products, with the accompanying large volume of water, an 
as nearly complete elimination of elevators and pumps as is possible, are the main object 
sought by the terraced and tall types of mill. In districts such as south-west Colorad« 
and the coasts of Alaska and British Columbia, choice is practically limited to the terrace 
site, and in other localities, where ore or water or both can come by gravity to a mill havin 
the necessary space for tailing disposal, also by gravity, the advantages of a terraced sit 
probably outweigh its drawbacks. In other situations, requiring initial elevation of ore ¢ 
water or mechanical elevation of tailing, the choice of a site and the decision as to type « 
mill demand careful investigation. 


Type of mill. As between a tall or terraced and a low mill structure 
the decision is based on comparison of the costs of the following items: (a 
Initial elevation of ore. (6) Initial elevation of water. (c) Final elevation 
tailing. (d) Final elevation of concentrate, (e) Intermediate elevation of o1 
and products. (f) Re-elevation of water. (g) Interest and amortization o 
excess cost of erecting and installing a terraced or tall mill. (h) Increase 
labor charges, due to inconvenience of supervising operations on numerov 
floors; efficiency of extraction may be adversely affected for the same reason 

Initial elevation of ore to the top of the mill by means of the mine-shai 
hoist can be performed at little or no expense above that required to delive 
the ore at ground level; this is general practice in the Tri-State district and: 
often done elsewhere, as at Mascot, Butte & Superior, Engelmine, an 
Bonne Terre. Other common methods of initial elevation are by chain-bucke 
elevator, as at Utah Apex; inclined pan conveyor, as at United Comstock an 
at Federal Lead Co., No. 4 mill; inclined belt conveyor as at Bunker Hill . 
Sullivan, Chino, Copper Queen, Santa Barbara, and many others; and incline 
trams, as at those mills of the Joplin district that receive ore from other source 
than adjacent shafts. 


At Bunker Hitt & Sutiivan (S. A. Easton, PC) the entire feed for No. 2 West mi 
(50 tons per hr. of —1.25-in. material weighing 150 lb. per cu. ft.) is elevated by a be 
conveyor 227 ft. long, inclined 22°, and rising 52 ft.; 5-ply belt is 20 in. wide, speed 187 { 
per min. Head pulley 42 in., tail pulley 30 in., 5-pulley troughing idlers. Operatir 
power, including five feeders, one weigher, one pump, one distributer, and one sampler 
18 hp. Operating cost, per ton: equipment (troughing and idler pulleys, ete.), 0.029 
belting, total length, 465 ft., 0.068¢; power, 0.009¢; labor (cleaning, oiling, etc.), 0.217 
total, 0.323¢ per ton. 

At Uran Appx (J. H. Manwaring, PC) a chain-bucket elevator 76 ft. long, incline 
71° and moving at 63 ft. per min., is used to lift the entire mill feed of 100 tons per h 
The drive is a 25-hp. motor which draws 11.2 kw. at full load, 7.9 kw. empty. Run-of-mi1 
ore is fed from a track hopper by a steel-apron feeder driven from the tail pulley of tl 
elevator. Keystone rivetless manganese 9-in. chain lasted 5 years; 9-in. Simplex rivetle 
manganese chain, was still in use at the end of five years. Buckets, 108 spaced 18 in., a 
24 xX 14 X 17%-in., No. 8 steel; cost $10.61 each. The original cost of the elevator - 
1913, f.o.b. plant was $3093. The total cost of repairs during 10 years, including ot 
entire replacement of chains and sprockets, was 0.715¢ per ton; power (@ 1¢ per kw.-hr. 
0.112¢ per ton. 


Initial elevation of water. See Art. 2. In those cases where wat 
must be pumped, the cost of elevating water to the storage reservoir may | 
more costly than elevation of ore. In general, pumps are more efficien 
mechanically, than ore elevators, but the fact that they may be required { 
lift 4 to 40 tons of water for every ton of ore, and also to a higher level, makes 
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essential to keep down mill height, unless abundant water under natural head 
is available. 

Final elevation of tailing is ordinarily unavoidable at any mill on level 
ground. If treating an ore from which it is possible to extract clean tailing at a 
fairly coarse stage, a tall or a terraced mill may have the advantage of being 
able to dispose of this portion of its tailing without further elevation; but at 
Bunker Hitt & Suttivan, a tall mill on level ground at which some coarse- 
sand tailing is discharged, it is necessary to use a large tailing elevator with a lift 
of 25 ft. (120 P 525). Modern practice discourages coarse tailing; hence the 
disposal problem has less bearing upon the type of mill than upon the selection 
of asite. (See Art. 3.) 

Elevation of concentrate. The importance of this feature is often exag- 
gerated. Concentrate rarely exceeds 20 per cent. the weight of original ore, 
and at most of the largest mills it ranges from 3 per cent. to 7 per cent.; hence, 
any design that provides an additional story or terrace solely to permit gravity 
disposal of concentrate will be unnecessarily expensive to construct, and is 
likely to be uneconomical in operation, if it throws additional work upon pumps 
or elevators at earlier stages of the process. 

Intermediate elevation of ore in process can rarely be wholly avoided, 
even by the most steeply terraced mill. 


Brirannia, & flotation mill with seven terraces and a drop of 250 ft. in a horizontal 
length of 209 ft., requires only one elevator. ALASKA-GASTINEAU, a table mill on a steeply- 
terraced hillside, requires two sets of automatic skips (with 100-ft. lifts) and two bucket 
elevators. Sitver Dyke mill (tables and flotation) with 11 terraces and a total drop of 
150 ft. in a horizontal length of 277 ft., requires one elevator of 27-ft. lift and an inclined 
conveyor with 19-ft. rise, in addition to a number of sand pumps. 


Tn general, the necessity for intermediate elevation is most pronounced in 
those mills treating an ore in which the valuable minerals occur as particles of 
graduated size, recoverable by a stage process of reduction and giving rise to 
important quantities of middling products which must be returned for re-crush- 
ing; in such mills, terracing shows the least advantage over the flat system 
because no practicable amount of terracing (except in rare instances) can pro- 
vide an exclusively gravity flow for all unfinished product. On the other hand, 
ores containing only finely-disseminated minerals can often be reduced at once 
to the final size by consecutive crushing operations, most of the unavoidable 
re-elevation being performed by scraper classifiers, and separation is made on 
tables or flotation machines requiring but little mill height. For a milling 
operation of this character, a gravity flow through the whole concentrating 
division of the plant can be obtained by a moderate amount of terracing; 
the re-elevation saved thereby, as compared with a flat mill, while of relatively 
small lift is large in total volume, the pulp usually containing 75 per cent. or 
more of water. Methods of re-elevating ore, dry or in pulp, are described in 
Art. 6 and Sec. 20. 

Re-elevation of water. Assuming water reclamation necessary, the advan- 
tage is with a low mill. A tall or terraced mill can sometimes utilize the tail- 
ing water from jigs treating sized or washed ore as wash water on tables at a 
lower elevation, but in general clarified water in large amounts is not obtainable 
until near the end of the concentrating scheme, and most frequently is not 
recovered until after it has left the mill at the lowest point. If ore is re-elevated 
by pumps, it must be accompanied by at least an equal weight of water, and 
may require three times that amount, or more, depending upon its coarseness. 

Interest and amortization. The excess cost of a terraced or tall mill as 
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compared with a low mill of corresponding capacity should be taken inte 
account in comparison of operating costs. The amortization charge per ton 
will obviously be small for a mill of long life. An elaborate and expensive mill 
would be injudicious for a mine of dubious life. This explains the character ol 
mill structures commonly erected in the Wisconsin and Joplin zine districts. 

Supervision of machines is greatly impeded when the millmen are com- 
pelled to walk up and down stairs; hence in a large mill, justifying the employ- 
ment of specialized millmen, it is advisable to place as many as possible of the 
machines of one kind on the same level; in a small mill, as much as possible 
of the whole equipment should be on one floor, to insure equality of supervision. 
Facility of supervision not only fixes the number of millmen to be employed at 
a small mill, but may influence the tonnage and recovery attained. A mill 
using several dissimilar crushers, or operating a process requiring a variety ol 
concentrating apparatus or involving extended use of hydraulic classifiers 
will need more supervision than a miil of the same capacity using only bal 
mills and flotation. Any mill, however small, needs a certain minimum o! 
supervision, while in another mill of the same type a much larger tonnage maj 
often be treated with the same labor force. A large mill is justified in the 
installation of mechanical equipment for performing certain operations, such as 
collection of concentrate, which can more profitably be done in a small mill by 
hand labor. 

Repairs and renewals are much simplified in a level-site mill, where work. 
shops and the operating floor can be joined by a level traveling way or over. 
head crane. 

Lack of working space on the ball-mill terrace was one defect of the ALASKA-JUNEAT 
mill; the ALASKA-GASTINEAU provides a shop on every terrace; at the Unrrep Comstocr 


commodious shops serve every part of the ball-mill floor by track and crane (114 J 846 
PL IOLO) 


5. Materials for mill construction 


The durability of a mill building should bear an approximate relation to it: 
expected life; any expense incurred for making the structure outlast the min 
is wasted. The useful life of a mill cannot always be predicted, but during th 
development of any mine or group of mines up to the stage at which erection o 
a mill becomes justified, enough information should have been obtained t 
permit a reasonable estimate of the minimum tonnage likely to be available 
The largest and most expensive mills are not undertaken until the factor o 
ultimate tonnage has been most carefully investigated. 


Foundations. Concrete is almost universally employed, except at certait 
small mills on ground not likely to be heaved by frost, where wooden blockin, 
is sometimes sufficient. Materials for aggregate, already crushed, are usualh 
readily available around any mine, particularly if a mill has previously bee: 
operated on the premises. 


At Anasxa-Gastinwau all of the concrete was made with rock and sand provided b 
excavation of an underground storage pocket adjacent to the mill. | 


The customary batter of the outside face of terrace retaining walls is 1 t: 
114 in. per ft. but at ANaconpa and SanTa Barpara retaining walls are ver 
tical. Concrete foundations for vibrating equipment, notably stamp batterie: 
require special solidity, and the upper surfaces should be protected by a semi 
elastic mat. See Sec. 3, Art. 17. 


At ALASKA-JUNBAU, oak blocks were necessary under the ends of the vertical columr 
carrying Jaw crushers, to avoid disintegration of the concrete foundations. 
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Framework. Timber, steel, and reinforced concrete are the: customary 
materials. Woop is the only material found in older mills and is still occa- 
sionally employed for framing large mills and nearly always for small ones. 
Wood has the advantages of: (a) lower cost per unit of weight, and also, in 
most places, per unit of strength; (b) reduced amount of detailed designing; 
(c) quicker delivery; (d) cheaper erection, by less highly skilled and more 
easily obtained labor; (e) elasticity, as compared with reinforced conerete. 
Its principal drawbacks are inflammability and liability to decay, especially 
in floors and mud-sills, which are unavoidably damp. 

STRUCTURAL STEEL is the prevailing material for large permanent mills, 
such as Brirannia (1426 tons of steel in a terraced mill covering a horizontal 
area of 56,400 sq. ft. or 51 Ib. per sq. ft.), Copper QuEEN, Curtno, KimBEer.ey, 
Panpa, Strver Kine, Homesraxe (Sours), Ura Copper, and the cyanide 
division of the Unrrep Comstock mill (441 tons of steel in a building of 75 ft. 
maximum height covering 214 acres, or 9.2 Ib. per sq. ft. of area). In addition 
to being fireproof and durable (if painted), steel has the advantage of permit- 
ting longer trusses and wider spacing, thus reducing the necessary number of 
columns which occupy or obstruct useful floor space (66-ft. spacing both ways 
at Unrrep Comstock); the columns themselves can also be longer without re- 
quiring such extensive cross bracing as would be needed for a wooden structure 
of same height. Many of the heavy loads (up to 60 tons) commonly carried 
by cranes serving the crushing departments of modern mills could not be sup- 
ported safely on any practicable timber structure. While steel structures call 
for more detailed designing than wooden frames, much of this work can be 
delegated to the steel-work contractors; many steel fabricators carry in stock 
or can quickly supply columns, trusses, or whole buildings to cover specified 
floor areas with a roof of given height. Bearings or hangers for line shafts can 
be easily attached to steel beams by clamps; they are readily shifted and do not 
weaken the members by bolt holes, as is the case with wooden beams. 


Reinforced concrete has not yet been widely adopted for structural framework, although 
it was used in the coarse-crushing, fine-crushing, and concentrating departments of the 
Unirpp Comstock mill (114 J 846, 117 J 516); in this instance, owing to the easily avail- 
able aggregate for concrete, and the relatively high cost of structural steel, reinforced 
concrete was estimated to be nearly 20 per cent. cheaper than steel. Estimates of wooden 


- construction were 30 per cent. lower than for concrete, but the saving on insurance within 


three years was enough to offset this difference. The cost of the structural concrete work 
(excluding 15,000 cu. yd. of foundation and retaining walls) was: Concrete, 132 cu. yd., 
$1980; reinforcing steel, 21,600 lb., $1050; forms, 9500 sq. ft., $1700; total, $4730, or 
$35.83 per cu. yd. For all-steel construction, the corresponding cost for 106,020 Ib. of 
steel, at 8¢ erected, was estimated at $8481. In a mill of reinforced concrete, special atten- 
tion must be given to support of oscillating machinery, on account of the severity of the 
stresses caused by vibration continuously in one direction. 


Walls. CorruGaTED IRON, galvanized or asbestos coated, is the com- 
monest material for walls. A wooden frame is usually sheathed with boards, 
to which corrugated iron is nailed over a layer of paper. On a steel frame the 
corrugated sheet is attached by bolts, clamps, or wire, with no wood sheathing. 
Where this construction would not afford the necessary protection against 
cold, the interior can be coated with gunite, applied against woven-wire or 
expanded-metal reinforcement, with as much insulating material as desired. 


The walls of the Unrrep Comstock cyanide section are composed of an outer layer of 
No. 24 corrugated and an inner layer of No. 28 plain galvanized steel, separated by two 
thicknesses of tar paper (see below). At the N. Y. Zinc Co. 5-story mill at Edwards, 
N. Y., the walls are hollow tile, and the equipment is entirely supported by a steel framework 
haying no connection with the walls (116 J 95), The tall, steel-framed Ricuarp mill has 


1294 DESIGN OF ORE-TREATMENT PLANTS Sec. 23. 


hollow-tile walls for the lower half of its height, and asbestos-coated corrugated iron for 
the upper half (116 J 973). 

Tile walls are much improved in appearance by an outer coating of mortar or GUNITE; 
when this finish is intended, the tile should be placed rough side out. The best mixture 
for applying with a cement gun is four parts clean sharp sand to one part cement; in a dry 
climate, the sand may be increased to six parts. The outer face of the tile must be thor- 
oughly moistened before applying the mortar, but no reinforcement should be necessary, 
as would be required with a wooden wall. When applied with a cement gun (Bul. 114, 
Cement Gun Co.) one bag of cement and three cu. ft. of sand will cover 22 sq. ft. with a 
layer lin. thick. A ferce of eight men at $41 per day (including the operator of a portable 
compressor, which may not be necessary at an established mine plant) can average 1300 
sq. ft. of gunite per day. The cost of a cement gun, not including a portable compressor, 
was (1923) from $1325 to $1565 corresponding to free-air capacities of 100 and 225 cu. ft. 
per min. respectively. 

A comparison of estimates of costs and heat-insulating characteristics of different 
types of walls for the Unrrep Comstock cyanide building is shown in Table 18. 


Table 18. Comparison of estimates of costs and heat-insulating characteristics of 
different types of wall 


Cost per Boiler horse- 

square feot, power to 

cents heat plant 
Plain galvanized corrugated sheet... 2.2... 2.0.6.0. 02 ce ee eee 14.0 220 
Gurnites] Ygan, onametal lath oyu. ses) edaaet awash xfs * 19.6 116 
Hollows claw: ties 4-0 srt eco es Mini iets este one tas 35.0 93 

Galvanized corrugated steel outside, plain galvanized inside, 

2 layers of tar paper between... 1.1... cece eee eee 19.5 125 
Wood sheathing, tar paper, galvanized corrugated steel..... 24.5 93 


Roofs. Corrugated galvanized iron is the commonest roofing material. 
In a cool climate, a board sheathing is almost indispensable to prevent con- 
densation and dripping of moisture; the corrugated sheet is fastened down 
to this by lead-washered nails. 


BrITaNnIAa mill required 96 tons of corrugated sheet for a total roof area of 58,100 sq. 
ft. Smucoa.ER Unton mill in Colorado (cold winters with heavy snow) has a roof of No. 22 
corrugated iron laid on one layer of }{6-in. asbestos sheet and two layers of tar paper; th¢ 
inside is gunite on woven-wire reinforcement. The roof over the cyanide department 
of Unrrep Comstock (96,400 sq. ft.) is made of 1%4-in. Oregon pine, tongued and grooved. 
covered with No. 20 corrugated sheet. The roof of the Kimpprury steel-framed mill (77,00¢ 
sq. ft.) is composed of 2 X 4-in. timber on edge laid face to face and covered with felt, tar 
and gravel (115 J 244, 116 J 453). The ‘‘Malthoid” roof originally put on the ALASKA: 
JunbAv mill proved unsatisfactory, and was replaced by corrugated iron. 


Asbestos materials are durable without painting and resist fire. They 
are also good heat insulators. 


In Onrario, where winters are long and severe and forest fires have been frequent 
the usual roof construction is board sheathing, an intermediate layer of quilted hair fel! 
with paper covers, and an outer layer of Flexstone asbestos-asphalt sheeting, or Transit 
asbestos-cement boards. Keystone hair felt (J. W. Morrison, PC; Johns-Mansville, Inc. 
is sold in folded strips 3 ft. wide containing 500 sq. ft.; the edges are beveled and bound t« 
give smooth lapping. Flexstone 3-ply roofing comes in rolls of 100 sq. ft., 32-in. wide 
the 4-ply comes only in flat sheets 32 X 80 in. Transite boards, corrugated or plain 
are made in thicknesses of 14 and 14 in. and eut into sheets 42 in. wide by 4, 5, 6, 7 and 8 ft 
long; they are largely used for walls as well as for roofs having a pitch of 2 in. or more per ft 
The 14-in. boards can be laid directly on purlins spaced up to 45 in.; the 14-in. boards or 
supports spaced up to 60 in. 

Snow, in addition to its dead weight of 12 Ib. per cu. ft. (Trautwine), interferes witk 
roof lighting and may cause damage by sliding in heavy masses. This may be preventec 
by: (a) snow guards; (b) giving the roof sufficient slope (30° or more) to cause the snow t¢ 
slide soon after it falls (ALAsKa-JuNneEav installed salt water sprays to flush the snow off th« 
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roofs as fast as it fell); (c) making roof so nearly level that snow cannot slide (as at Homer- 
sTaKE Sour mill). According to Kidder, metal roofs in the Rocky Mountain and north- 
western states should be designed for the following snow loads per sq. ft. of roof surface: 
M-pitch, none; \-pitch, 10 to 12 lb.; 14-pitch, 20 to 25 lb.; 14-piteh, 27 to 37 lb.; K%- 
pitch or less, 35 to 45 1b. Unrrep Comsrocx roof, with an unbroken slope of 20° (14-pitch) 
was designed for a snow load of 40 lb. and a wind load of 20 lb. per sq. ft. 


Windows and skylights. Daylight is of the utmost importance in prac- 
tically every department of a concentrating mill. It is easily provided in a 
tall structure, the walls of which can be composed of glass to a large extent, as 
in anthracite breakers. A terraced mill can be amply lighted from its sides, 
and also by vertical windows in the breaks of the roof. 


The steeply-terraced BriranniA mill has 22,300 sq. ft. of windows for lighting a horizontal 
area of 56,400 sq. ft. (29 MM 204). 


A low, flat mill can be lighted by skylights in the roof, subject to inter- 
ference by snow and probability of leakage unless constructed with special 
care; a turreted or saw-tooth roof with windows in all available vertical spaces 
is frequently used for industrial plants and might be equally useful for ore 
dressing plants. 

Fenestra steel sashes have been installed in large numbers at Unrrpp Comstock, Homnr- 
STAKE, and numerous other mills with both steel and wood construction. At CoprEer 
QureENn the windows are glazed with ribbed glass, for diffusion of sunlight, and the skylights 


are of RUBBER GLASS. This material is used for skylights in many other mills in the south- 
west, where snow is unknown, rain not abundant, and the sunlight so intense as to make 


the yellow tint imparted agreeable. 


Floors. Wood and concrete are used indiscriminately in mills of either 
wood or steel construction. A wooden floor in the wet-concentrating section 
of a mill should be tight, to prevent loss of concentrate, and should preferably 
be laid with green timber, to avoid warping. Concrete floors are usually 
spread in place. 

Unitrep Comstock used pre-cast concrete slabs supported by steel frames. At the 
steeply-terraced mills of the Strver DyKn, NatronaLt CoprrrMines, and Ura Consoui- 
DATED mills, reinforcement was obtained by discarded hoisting rope in lengths running 


unbroken from the highest to the lowest floor, passing horizontally through every floor 
and downward through the intervening retaining walls, thus tying the latter securely to- 


gether. 


The store of floors in the wet parts of a mill should be sufficient to permit 
rapid drainage; dry floors are usually cleaned by sweeping and the floors 
require no slope. Slopes of 14 and 14 in. per ft. are most common, the latter 
preferred. Slopes up to 2 in. per ft. are sometimes adopted to permit launders 
to be laid on the floor, but this is unnecessary and makes walking unsafe. The 
discomfort of walking on a concrete floor, especially if wet, should be amelio- 
rated by providing walk-ways of wooden slats. 

Painting. Black corrugated iron should be protected by at least two 
coats of paint, renewed at frequent intervals. Galvanized iron does not usually 
require paint protection, although it is subject to rapid deterioration any- 
where in the vicinity of a smelter. A durable paint for new galvanized iron 
has not yet been found, but after the metal has been exposed for two or three 
years any good paint will adhere firmly. The inside of a mill should be painted 
white or a light tint. An air brush is a useful tool for applying oil paint. 
Whitewash does not adhere strongly enough to resist loosening under con- 


tinuous vibration. 
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6. Arrangement of mill equipment 


The grouping of mill equipment should aim to satisfy the following require- 
ments: (a) Mechanical transfer of feed and products by the shortest and most 
direct routes, utilizing gravity flow so far as economically practicable (sec 
Art. 4). (b) Convenience of superintendence (see Art. 4). (¢) Economical 
connection with driving power (see Art. 7). (d) Facility of repairs (see Art. 9). 
If possible, provision should be made for by-passing any piece of machinery 
undergoing repair, to avoid complete suspension of operations; in a small mill. 
without duplicate equipment, this may not be possible. (e) Facility of 
enlargement or remodeling (see Art. 4). (f) Isolation of dust-making opera:- 
tions, with or without arrangements for collecting the dust (see Art. 8). 

Grouping in plan. Dimension sheets giving over-all dimensions of the 
individual pieces of ore-dressing equipment are usually obtainable from the 
makers. The additional necessary allowance of floor space between and 
around the machines composing a single group should provide for: (a) Walk- 
ways for inspection and adjustment of machinery; also, in some cases, fot 
manual disposal of concentrate by wheelbarrow or tram car. (6) Working 
space for making repairs with minimum amount of carriage. (c) Launders. 
chutes, or conveyors for the several products of the operation. (d) Motors 
in case of individual drives, with speed reducers when required. (e) Ele. 
vators or pumps, possibly serving other groups of mill equipment. 

Jigs, tables, pneumatic flotation cells, and other equipment to which ¢ 
sufficient amount of attention can be given from one side, are often consolidated 
into pairs, or blocks of four, mainly to facilitate feeding and to combine dis- 
charges, but also to economize floorarea. Ball, pebble, or rod mills are usually 
set as close as possible to a sand-slime separator. Screens and hydraulic 
classifiers seldom require special allowance of floor space, since they can usually 
be supported overhead. Spacing of coarse crushers is frequently determinec 
by the dimensions of the bins from which they receive their feed or to whick 
they deliver, rather than by the amount of floor space they actually require 
Table 19 gives total floor area of representative mills. 

Grouping in vertical relation. The difference in elevation between the 
points at which a given piece of apparatus receives its feed and discharges it: 
products is most important from the standpoint of mill design, since it is thi 
dimension that fixes the position of the machine with respect to the “ strean 
line ” of the mill. Over-all vertical dimensions are needed for placing founda 
tions and making allowance for head room; the latter should make due pro 
vision for hoisting out parts of machines requiring replacement. 

Chutes and launders. (See Sec. 20, Art. 9, 10.) In general, a chuts 
for nominally dry material should have a slope of not less than 45°, to avoic 
choking in case of accidental or temporary wetting. A launder that proves t 
have insufficient grade can be corrected, if it is impossible to increase its slop 
or if inadvisable to increase the proportion of water, by diminishing its widtl 
or by introducing liners of smooth material with low coefficient of friction 
Rubber, both of crude crepe and vulcanized varieties, is receiving wide atten 
tion as lining material for launders subjected to hard service; in spite of it 
higher cost per pound, it is usually cheaper than steel or chilled iron per sq. ft 
of surface, and compares favorably with those materials in withstanding wear 
Locally made concrete slabs are usually much cheaper per sq. ft. than iron 
In places where sufficient gravity flow is not easily obtainable, as in collectio: 
of concentrate or tailing from a long line of jigs or tables, a shaking launder 01 
a grade as low as 34 in. per ft., suspended by flexible wood strips and oscillate 
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Table 19. 


Mill and general 
nature of process 


ARRANGEMENT OF MILL EQUIPMENT 


Total floor areas of typical mill buildings 


Allenby, B. C., fine crushing 
and flotation. 


Anaconda (one of 8 sec- 
tions), jigs, tables, flota- 
tion (as of 1919). 


Annapolis, Mo., jigs, tables 
and flotation 


Armstead, tables and flota- 
tion. 


Betty O’Neal (one of 2 sec- 
tions), flotation only. 


Britannia, B. C., flotation 
only. 


Chino, tables and flotation. 


Consolidated Coppermines, 
flotation and tables. 


Homestake South, amalga- 
mation (coarse crushing 
in separate building). 


Joplin, 
by United Iren Works, 
jigs and tables. 


Sectional 
Daily aed 
eae Department square 
feet per 
ton-day 
DOOD Pevarctecs ete rot KA renee oe ee alee, aes ar 
2,000 | Bin, Blake, 2 rolls, elevators...... 2.18 
36 @ 3-cell Evans jigs........... 156 
2 rolls, 18 Wilfleys, 5 elevators.... 2.60 
6 Hardinge, 10-ft.; and trackway... 2.50 
4M.S., 16-cell; 1 elevator....... 2.50 
1,000 | 1 gyratory, 2 rolls, 2 screens..... ee 
2 Hancock jigs, 2 rod mills....... Sa 
16 Wilfleys, cones and elevators... 4.0 
2 Callow, 11-cell; classifier and filter 3.2 
2 Dorr settlers, 20-ft., Lowdendryer 4.0 
150 | Bins, jaw crusher, elevators, secreens| 16.8 
Hardinge, 8-ft.; Dorrclassifier,6 ft. 4.8 
5 Wilfleys, 2 Callow, 10-cell.......| 22.0 
Thickeners, filter, concentrate bin..| 15.4 
150 | Receiving bin, ore partly crushed.. 2.8 
2 ball mills, classifier, etc......... S28 
MD. oS, opoell, SPSAM. 51st teins oo 5.3 
Table, 10-ft. thickener, pumps.... 7.0 
ZA OO | SEAS. S SEIN, ciale A Gia taty Le 
14,000 | (No coarse crushing in this build- 
PD NR BEL, Pe ec aee eee och ewe fo a 
1,000 | Bins and coarse crushing,........ 4.88 
Fine crushing, Hardinge......... Bean 
Flotation, 30 @ 7-ft. Callow cells. 3.46 
Tables} 22°Wilfleysi. eve aene e occ tee 4.32 
Thickening and filtering......... U fdas) 
Boilers; engines, etc.......0i 0.0. 9.28 
1,800. | 7200-ton bin, 120 stamps, 6 rod 
mills and classifiers, 24 amalga- 
mating plates, 30 motors (no 
cyanidation in this building)....]......... 
typical mill built DOOM Dabmaiir Swen sd t.. entews Pe eae 4.9 
4 rolls, 6 elevators, 4screens, 4 jigs} 15.7 
OnWilfley*tables... 6 ..c. ese ec ee es 7.6 
Engines and boilers............. Tn 
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Total 
area, 
square 
feet 
per 
ton- 
day 


33.12 


11.34 


itcseal 


23.3 


21.0 


32.74 


13.3 


40.4 
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only. 


tables. 
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Table 19. Total floor areas of typical mill buildings—Continued 
Total 
Sectional] area, 
; F area, |square 
Mill and general Daily Department square | feet 
nature of process tonnage feet per | per 
ton-day | ton- 
day 
Kiraberley, B.C) flotation|) 5 2}500) | Ai15ac Wop einsw.ctere © Uetetate: ale Pet eha teres ate fa cree teh 31.0 
Panda, Belgian Congo, jigs 4,000 Coarse crushing, hand picking... . 6.0 
and tables. Jigs, tables, fine crushers, ete.....| 11.5 BOS 
Santa Barbara, tables only. 500 | 2 rod mills, 5 elevators, 8 screens.. 8.0 
(Coarse crushing in sepa- 40 Deister tables.. bse 
rate building.) Dorr thickener, 5 eisyatans: ‘14 de- 
watering tables and screens..... 8.9 32.6 
Silver King Coalition, jigs,| 300 | 2 bins, total 4900 tons........... 12.0 
tables, flotation Gyratory and grizzly............ 5.3 
12, Harz 2-comp. jigs <}} desrsmaes Peer’ 
Roll, elevator and screen. 4.7 
1 Hardinge, 1 Marcy, 26 tabiés! 1ss3 
Flotation, thickening, filtering, Se L522 63.2 
United Comstock, tables} 2,000 | Coarse crushing, gyratory and rolls} 4.4 
and cyaniding (operations Fine crushing and tables......... LO 
in 4 separate buildings). Cyanide treatment.).... 0.055 20... 48.2 
Precipitation and refining..... 1.8 65.1 
United Eastern, fine crush- 400 | Gyratory, 2 Marcy, 3 tube-mills, 
ing and cyanidation leaching and settling tanks, etc.|........ 70.0 
Utah Consohdated, flota-| 1,000 | Coarse crushing, gyratory and rolis 1.86 
tion only. Fine bin, screens and elevator... . 1.75 
Fine crushing, 6 ball mills, 6 classi- 
fiers; G motorsin avihes pease ks 7.30 
Flotation, Callow, 120 cells...... 4.50 
Settling and filtering............ 4.74 | 20.05 
Utah Copper Co. (Arthur),]. 16,000 | Coarse breaking................ 0.36 
tables, vanners, flotation Secondary crushing............. 127, 
(as of 1918). Fine crushing, tables, vanners....| 13.30 
Flotation, including blowers...... 4.47 
Biltéring Oats: OeRAscdtelaoer 0.65 | 20.35 
22 Dorr tanks, 75-ft. (out doors)... (12) 
Silver Dyke, flotation and 450 | Bin, coarse crushing, conveyor... . 5.36 
Fine crushing, Marcy, ete........ 5.08 
Flotation, Callow, 48 cells........ 4.54 
ables?) Deister >... ocle ace oo 6.40 
Thickeners, concentrate and tailing) 12.00 | 33.38 


eee 
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by an ordinary table head-motion at one end, has been found useful at New 
Jersey Zinc Co. and Sanra Barpara (112 J 1050). Another method applic- 
able to jig tailing is to dewater on a screen and deliver to a horizontal belt 
conveyor. 

Launder slopes. The slopes given in Table 20 are suggested as working 
limits for rectangular wooden launders conveying average ores of pyrite, zinc, 
and copper, with concentrating ratios between 4 and 20 to 1, and dilutions of 
not less than 2 water to 1 ore. See also Sec. 20, Art. 10. 


Table 20. Average slopes for launders 


Jig and table mills ee | Fine-grinding and flotation mills | Bee 
Trommel product: Sands, 20 per cent. moisture, 

Sl eAQerian: sepetae dh foc 50s wie habe o 5-6 classifier to tube-mill: 

—20+10-mm 4-5 304mesh A, 2. |... dia 4-6 

AD -t- 5am. . sj ARMS. opose 3-4 SOSMMGSb i. wees th OR eta are oem 3-4 

—5+24-mm 2-3 Tube-mill discharge to classifier: 

— 2 Veeaiataldehec 1... ++... s Abed 14-2 DO-TROSH Fale. bs a ead. aoe 2-214 
Table feed, 20-mesh............| 14-1% SOanesh hs cee Lae Meee ee 14-2 
Table tailing, 20-mesh......... 1% Classifier overflow to flotation: 

Table middling, 20-mesh....... 1% 48-mesh .iks:..... eels. .suthleake Y-% 

Table concentrate, 20-mesh..... 24% 804mesh £2... .. ohiatt Bats Yy-¥w 
Tail race, mixed sizes.......... 34 Flotation concentrate......... 2-3 

Plota#tion t&ilime: |. occ. 24. cae Yy-W 

ide BUS cet, : Osman. Riccule ois toe. henctl 346-4 


For zine-lead and iron-oxide ores of low concentrating ratio, the launder slopes would 
need to be probably 25 per cent. steeper than those stated above. 

Cost of launders. From the figures in Table 21, relating to reconstruc- 
tion of the Phelps-Dodge Morenci mill in 1924, it is seen that the labor cost to 
install $1 worth of material ranges from $1 to $1.25. In this mill, only 14.4 
per cent. of the whole launder system was over 16 in. wide. 

Elevation of ore in transit through a mill is practically unavoidable, even 
on steeply terraced sites; on flat sites, elevators or sand pumps constitute a 
large and expensive part of the mill equipment, beside requiring close atten- 
tion to maintenance. Structural details of inclined belt or pan conveyors, 
belt-bucket or chain-bucket elevators, sand pumps, centrifugal pumps, and 
suction pumps for ore pulps are given in Sec. 20. 

Inclined belt conveyors (see Sec. 20, Art. 1) for initial delivery of ore to 
the mill are discussed in Art. 1, and those for disposal of tailing in Art. 3. 
Inside a mill, they are largely employed in the coarse-crushing department, 
being especially useful in delivery of ore into a long bin or receipt of ore from a 
row of chutes. Data on a few noteworthy installations are given in Table 22. 
Distribution of ore from a belt conveyor can be accomplished by (a) movable 
tripper, shifted by hand from place to place; (b) automatic traveling tripper, 
actuated by the belt itself; (c) shuttle conveyor mounted on a truck running 
on longitudinal! rails and discharging only from its end; this system is particu- 
larly useful for materials which have to be handled only at long or irregular 
intervals. 

Inclined pan conveyors (see Sec. 20, Art. 2) are most used for elevating 
crude ore in lumps of such size (say 4-in. and over) that they would be injurious 
to rubber belts; incidentally, they may serve as feed regulators for coarse 
crushers. 


At Unirep Comstock (114 J 846, 117 J 516) a 48-in. Stephens-Adamson pan con- 
veyor 91 ft. long and rising 30 ft. (20°), driven at 9 to 15 ft. per min. by a 20-hp. variable- 
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speed, slip-ring motor, carries 125 tons of mine-run ore per hour. At the CopPpER QuEEN 
concentrator are two 54-in. pan conveyors in parallel, each capable of carrying 1800 tons 
—8-in. ore per hour (250 tons normal rate); length, 61 ft.; rise, 21 ft.; slope, 20° 10’. 


Table 21. Cost of launder construction, Morenci mill, Phelps-Dodge Corporation 


| 
: A : Lumber, 
Department oo be Si pee ee boad Cost per M.B.M. 
Tables and de-slimers. 1866 12 Labor..... $1.46 Labor... . $34.00 
204 16 Lumber.... .64 Materials. 18.65 
100 18 Cast-iron 11,403 ——— 
»! 18~ 24 jinmgeaict... | 65 Total, 
ee including 
2188 $2.75 lining. . .$52.65 
Primary grinding, classifi- 363 12 Laborks.... $2.01 Labor... $68.23 
cation and flotation. 500 16 Lumber.... 2.92 Materials 97.47 
Wrought- 26,308 a 
——— iron lin- Total, 
863 ing wae a: 0.10 including 
lining. .$165.70 
$5.03 
Secondary grinding, clas- 801 12 
sification and flotation. 505 16 
72 18 Gabor ras. . $1.84 Labor. . .$147.78 
133 22 Lumber.... 1.17| 19,519 | Lumber... 94.44 
60 36 — —-. 
= $3.01 $242.22 
1571 
Concentrate dewatering. 1195 6 
186 12 Tabor... $0.66 Labor: i. <8. $104 
134 16 umber... 65) 10;280" "hamper... 100 
101 30 —— ea 
$1.29 $204 
1616 
Tailing dewatering. 90 1 
909 16 Diabortis. oy $2.01 Labor... $99.00 
588 24 Lumber.... 1.51} 33,496 | Lumber.. 74.40 
70 36 aa aliens 
$3.52 $173.40 
1650 . 
Total, all launders. 7888 Labor. .:.. $1.64 Labor. . . $128.23 
Materials... 1.27] 100,956 | Materials 99.50 
$2.91 $227.73 


Belt-bucket elevators (see also Sec. 20, Art. 6) are by far the most common 
appliance for elevating ore, whether wet or dry, For wet work they have the 
advantage over chain-bucket elevators of requiring no difficult and expensive 
lubrication and of having fewer wearing and friction-producing surfaces, 
The capacity of a given belt, however, is limited by its adhesion to the head 
pulley; this can be augmented by a wrapping of less slippery material around 
the pulley. As compared with inclined conveyors, they occupy much less floor 
space, and can also elevate thin pulps. It is important to provide means for 
emptying the boot of an elevator when repairs are needed; so placed that the 
discharged materiai can be sluiced or easily transferred by other means to an 
adjoining elevator. 


Art. 6. ARRANGEMENT OF MILL EQUIPMENT 1301 


Chain-bucket elevators (Sec. 20, Art. 7), in spite of their multiplicity of 
wearing and breaking elements, can be used satisfactorily for dry work but 
must then be lubricated with heavy grease to minimize the effect of grit; 
their capacity is limited only by the size of buckets that can be supported. 
Certain types have a pronounced advantage in being able to receive or dis- 
charge at a number of points in their travel, thus combining the functions of 
elevator and conveyor. 


Table 22. Examples of inclined belt conveyors in mills 


Speed, | Size of | Capac-| Power 
Mill Length,| Width, | Slope, feet /limiting|ity, tons|installed, 
feet inches | degrees} per screen, per horse- 
minute} inches | hour power 
Copper Queen... ..... .. 4... +4 335 AD BA sg 200 1 600 100 
1PADVIY0 pete Dinliicaet bens Oe uo gee 320 36 20l ah eae rt i 500 100 
iRaehard!. 14). Aue, SH 135 24 19 300 2 G2 Ch. AOR 
90 24 20 300 2 627 slew ies pee 
United Comstock........... 122 30 AOA ae eee 3 125 20 
United Eastern.............] 106 18 710) goede ont 3 36 10 
330 42 19 400 % 7004 250a 
380 42 Ly 450 1% 700a 250a 
140 42 0 450 "6 700 10 
Various examples from 30 36 18 100 Z ESO Gul ere weer, 
Stephens Adamson Co, 175 24 16 300 31% 180 15 
65 30 22 330 2 400 25 
80 24 20 330 1 220 15 
310 48 15 450 ah 700 100 
| 


a In tandem. 


In one 250-ton mill, a single Peck conveyor-elevator was devised to perform all the fol- 
lowing operations: (a) receive crushed ore via belt conveyor from a sampler; (b) elevate 
and deliver this ore, at will, into smelter bin, mill bin, storage bin for any class of ore (with 
the aid of a distributing belt conveyor), or bins for doubtful ore (pending assay); (c) with- 
draw doubtful ore from bins and deliver to smelter, storage, or mill bins; (d) withdraw ore 
from any storage bin (with the aid of a belt conveyor) and deliver to a smelter bin or mill} bin. 


Sand pumps. (See Sec. 20, Arts. 11, 12, 13.) Centrifugal pumps for 
elevating gritty pulp must be specially lined, and even this affords little pro- 
tection to the shaft, which is a source of weakness in all but the latest form of 
Wilfley pump. For pulp carrying solids coarser than 4%-in., a bucket elevator 
will usually require less repair than any centrifugal pump; for fine pulps 
(—30-mesh), centrifugal pumps are generally better than bucket elevators. 


At the Clifton mill of Arn1zona Copper Co. an Aldridge plunger pump, specially designed 
as to valves and plunger clearances, was used to dispose of table and vanner tailing. At 
Macma Copper Co. all mill concentrate (5 per cent. +20-, 63 per cent. —200-mesh), 
derived about equally from tables and flotation, is pumped in the form of a thickened 
pulp (70 per cent. solids) to filters at the smelter, which discharge cake directly into the 
smelter bins, thereby dispensing with at least one handling (J. W. Thompson, PC). The 
pipe line is 4 in. diameter, 2760 ft. long, and rises to height of 92 ft. near its middle 
point with slopes of 7°. No trouble has been experienced from sedimentation so long as 
the pulp consistency is held at 70 per cent. solids. A 4-in. Wilfley pump, driven at 1600 
r.p.m. by a 75-hp. motor, delivers 165 gal. of this pulp per min., equivalent to 60 tons solids 
per hour. The operating costs per ton of concentrate (dry) in 1925 were: repair parts, 
etc., 3.00¢; labor, operating and repairs, 1.94¢; power, 0.60¢; total, 5.54¢. 

Air-lifts (see Sec. 20, Art. 15) for elevating ore pulps in process are satisfactorily em- 
ployed in the Nevapa Consoriparep, Cuno, Ray, New Cornewia, and CoppER QUEEN 
mills, and in the older types of cyanide plants. 

Skips are used for elevating roll products to screens at two points in the intermediate- 
crushing department of the ALasKa-Gasrineau mill (63 A 488). The product from the 
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primary rolls, set at 1-in., is hoisted in four skips of 5-ton capacity; that from the secondary 
rolls, at 10-mesh, in ten skips of the same size. The lift is 100 ft. in both cases. The skips 
are operated automatically and in counterbalance by a 75- to 135-hp. hoist motor for each 
pair; plow-steel rope is flat, 34 X 5-in. The loading gate is operated by a compressed-air 
cylinder controlled through a 3-way valve actuated by the descending skip; high-pressure 
water can also be used for operating the gate. Loading time is governed by an oil dash- 
pot which also throws the motor switch. Loading takes 11 sec., and the complete cycle 
for two skip loads is 1 min. 50 sec. The cost of operation compares jfavorably with that 
of dry elevators; maintenance is 0.9¢ per ton milled. 


7. Driving power for mills 


Individual power requirements for commonly employed machines, oper- 
ating under stated conditions, are given in connection with the descriptions 
of the various machines. Table 23 gives the total motive power (installed or 
used) at a few mills of representative types. 

Line-shaft drives are used at small mills operated from a central power 
unit, whether water, steam, oil, or electric; large and small mills operated by 
steam power; and large motor-driven mills operating long blocks of similar 
machines having relatively small power requirements. At mills of the first two 
types line shafts are unavoidable; in the third type they reduce the number of 
motors necessary and the large motors cost less per unit of power and require 
no more frequent attention than small ones. Some large, modern mills, how- 
ever, as CoppER QUEEN, have introduced individual 1-hp. motors for driving 
concentrating tables. The use of line shafts for heavy-duty equipment has the 
disadvantage of requiring numerous friction clutches (frequently a source of 
trouble) while, if electrically driven, the stopping of an individual machine 
produces a bad effect on the power factor of the motor, the capacity of which is 
fixed by the total connected load; this irregularity can be more efficiently 
compensated by steam or oil-driven engines. 

Installation of line-shaft drives. For the elements of design, refer to 
mechanical-engineering handbooks (Kent, Marks, etc.; see also 107 J 1132). 
The following general suggestions refer particularly to ore-dressing works. 
(a) Shafts should have a wide margin of strength above that required for trans- 
mission alone; this is to provide against abnormal loads on pulleys due to 
shrinkage of damp belts, excessive shortening of belts to take up slack, ete. 
(b) Pulleys, couplings, and clutches should be closely adjacent to bearings; the 
end of an oiled bearing, however, should lie 1 to 2 in. outside the nearer edge of 
an adjoining pulley, so that oil drippings will not fall on belt or pulley. (c) 
Hangers with ball-socket journal boxes are as satisfactory as pillow blocks for 
shafts of moderate sizes, up to 27{¢-in. Larger shafts should be carried in pillow 
blocks, and for extra heavy service, a shaft should be mounted near the ground, 
on concrete piers if possible. (d) Ball-socket, or other self-aligning pillow blocks 
and journal boxes should always be installed for long shafts, and preferably 
also for short ones. (e) Ring-oiling journal boxes are satisfactory for general 
service; in dusty places, heavy-grease lubrication affords better protection. 
(f) Leather belts are admissible only in permanently dry places. Canvas belts 
deteriorate with moisture, and lack pliability in large sizes. Rubber-covered 
belts give the best service in all parts of a wet mill; the most satisfactory 
weights are: 4-ply for 4- and 6-in.; 6-ply for 8- to 12-in.; 8-ply for 18-in. (g) 
Vertical belts should be avoided. Quarter-turn belts are admissible in sizes up 
to 8-in., and are unavoidable for driving a group of vanners placed side by side 
and operated from a single line shaft. The minimum length between centers 
for belts without tightening idlers should be five times the diameter of the larger 
pulley. (h) Tightening idlers give good service, when needed, but require 
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Table 23. Total motive power for representative mills 


1303 


Mill 


Alaska-Gastineau. 


Armstead, 


Consolidated Cop- 
permines. 
Honduras Rosario, 


Inspiration (1922). 


Mountain Copper. 


Ottawa, Slocan, 
Bac, 


Panda. 


Richard. 


St. Joseph Lead Co., 
Bonne Terre 
(1917). 


St. Joseph Lead Co., 
Rivermines 
(1917). 


Daily 


tonnage ; 


7,000 


150 


1,000 


428 


11,437 


600 


50 


4,000 


1,500 


2,700 


4,000 


Nature of operation 


Crushing mine-run to 57 per cent. +48-mesh 
Concentrating (tables only), elevating, etc. 
Pumping. lightines etonloti dake .c 016k 


Blake, rolls, Hardinge, Callow flotation, 
CAD LES ro artes Ae ert eer ee Re ee 


Blake, Hardinge, flotation, tables. (Steam) 


Coarse crushing, 2 gyratories.,.......... 
Stamps; :20'@ L850 ba ascuth ) BiG a... 
Pubewmills 3i@ SX 224trw. 4 oe 
Pumps, 10 triplex, various sizes.......... 
Agitation tanks and compressors... 


Coarse. crushing. oe tev. ciptt eee 
Fine crushing and tables, 94 per cent. — 48- 

mesh, 52 per cent. —200-mesh......... 
Elotation:blowersh) ee ae eo eee 
Filtering and reclaiming water........... 
AAG Lee oor Feo Ow PTT oe eeORY MRE 108 See ae 


Crushing to 2.5-in., 2 gyratories in series, 
Fine crushing and M. 8. flotation........ 


Jaw, tube mill, M. S. flotation. Water 


Crushing: 10 gyratories, 6 rolls, to 1-in., 


Conveying and distributing, 8 hr......,.. 
Jigs, tables, re-crushing to l-mm......... 


Gyratory, rolls, magnetic separation begin- 


ning at 2-in.; finest crushing, %-in..... 
Jigs, tables, flotation. Concentration 
begins at Qamims; Gavollascks ssp = 
Jigs, tables, flotation. Concentration 


IDESTIS Ay OMIM aren Apes Migs eon Sie 


Total 
power, 

horse- 

power 


1909 a 
1532 
448 


3889 a 


3186 
5206 


15a 
ee 
233 
142 
140 


647a 
340a 


6686 
1498 
487 
77 


9088 a 


1006 
592 


6926 


1106 


15006 
285 
1800 


35856 


2006 


925a 


18404 


Horse- 
power 
per 
ton-day 


0,2727a 


.2188 
0641 


0.55564 


2.16 
0.526 


0,0342a 
. 2722 
- 5443 
. 3326 
. 3282 


i.51l5a 


0.0297a 


. 5846 
.1310 
- 0426 
.0067 


0.7946a@ 


0.1676 
.970 


1.1376 


bo 
iss} 
im 


0.460 @ 


a Power consumed, 


6 Power installed. 
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Table 23. Total motive power for representative mills—Continued 
Total | Horse- 
: Daily ‘ power,| power 
Mill tontaes Nature of operation woe per 
power ) ton-day 
Santa Barbara. 500 | Crushing all to 2-mm., gyratory, disk, rod 
HAY. SHOE) SAU BENS AIO os ee ae 3006; 0.600 6b 
40 Deistertables wy. Sey Ree es eh 33 066 
Conveyors, elevators, screens, classifiers...| 207 414 
Pumps: trardi, sevtlersics. cu ses Seb 51 .102 
591b| 1.182 6b 
Silver King. 300 | Jigs, tables, flotation; crushing to 16-mesh.| 4256) 1.4206 
S.E. Missouri, aver-| 2,000 | Crushing: gyratory, disk, rolls, ball and 
age practice. to Tod=miulks =, RRA eS, eto id OnLS (ia 
4,000 | Concentration: Hancock jigs, tables..... 095 
Flotation: Federal, Janney, K. & K., Callow . 062 
Wiater servicer) Vee cicn S Te .O81 
(General tailing averages 55 per cent. on 
8-mesh and 75 per cent. on 20-mesh.)... 0.395 a 
Sunnyside 550 | Crushing to 70 per cent. —200-mesh, flota- 
tron “and tables! 2% 20 Sth. «frye wns stort 9006) 1.64 6 
Tul Mi Chung, 470 |3Jawerushers (to l-in.), trommel, conveyors 47a\0.1009 a 
Korea. 6 Hardinge (ball and pebble), 6 Dorr clas- 
BULCT Sern soy Me ee cate ly ey A ee 393 . 8369 
M.S. flotation (8 @ 29%-in.; 8 @ 16-in. 
sadare). Oities, 41, PER AI ees bd 74 .1570 
5Deister tables. + ase520 ois scteue « Rane sons 6 .0130 
Re-grinding table tailing: 5 xX 5-ft. ball 
PTAMUlAvOr ens ao Ae et ee ene 64 1357 
Tailing disposal (3600 tons 1:7 pulp), 
centrifugalipumps tier.) deiies: tom BA 27 0569 
Water supply (1700 tons pumped 1 14 miles) 53 1129 
664a) 1.4133a@ 
United Comstock. 2,000 | Gyratory, rolls,  ball-mills, agitation, 
CY DLC TS, Se EE CR nse ek 28005} 1.400 6 
United Eastern. 300 | Gyratory, ball and tube-mills, cyanidation 
(85 per cent. —200-mesh)............. 330a| 1.100a@ 
United Verdecrush-| 6,000 | 4 jaw crushers (36 24) to 3-in., 4000 tons 
ing plant. (24 hr.) PEM SEM see tek ee Ree. 5006] 0.08336 
3 vertical disks (48-in.) to 34-in., 4000 tons 
perrlGrhr yc sees, oe SD a af 225 0375 
3 rolls (56 X 24)to 14-in., 4000 tons per 16hr.| 450 .0750 
2 exhaust fans (45,000 cu. ft. per minute 
Each). Meee, eas, eee Pe as ee 250 0417 
Conveyors, feeders, elevators............ 1200 2000 
2625b) 0.43756 


a Power consumed. 


b Power installed, 
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endless belts, since no form of lacing or coupling has proved satisfactory in this 
service; endless belts of leather can be spliced by glueing on the premises (107 J 
1132) but endless rubber belt can be made only at the factory. (i) Chain 
drives are useful for transmissions too short-centered for belts or where the 
desired speed ratio would require too small a pulley at one end; also for trans- 
mitting small power at low speed in dusty places. Their efficiency is high, and 
as they require no tension on the slack side, the journal friction at both ends is 
less than that caused by a short, tight belt. They are particularly applicable 
to the driving of tubular mills, blowers, etc.; for a good example, see 119 P 7. 

Stopping and starting from line shafts. Tight-and-loose pulleys with a 
belt shifter are suitable for machines of relatively small power requirements, up 
to 26 or 30 hp., with belts up to 8 in. wide; for larger powers, belt shifting not 
only throws excessive stresses on all moving parts, but the price of a loose pulley 
of large size and the extra cost for a large double-width flat-faced pulley will 
usually be greater than the cost of a suitable clutch. Dental or jaw clutches 
for throwing the load on a moving shaft can be used safely for speeds under 
30 r.p.m. Clutch pulleys are unsatisfactory where their power is likely to be 
unutilized for considerable periods, owing to rapid wear of the bushings, which 
cannot be constructed or lubricated like a standard journal box; this is par- 
ticularly objectionable in case of a stationary pulley riding on a moving shaft, 
since the wear will then be eccentric and likely to cause breakage of the clutch 
pulley. Friction-clutch couplings, of band, jaw, or disk types, connected with a 
short jack-shaft, or with a quill, and supported by adequate journal boxes, are 
much better than clutch pulleys. The quill system is well adapted to driving a 
row of machines from a long main shaft: It requires two large journal boxes for 
each quill, in addition to the smaller boxes for the line shaft, and the whole 
installation must be rigidly supported, preferably on concrete piers, to avoid 
internal friction from distorted alignment. 

Slack belt, with a swinging tension idler, was formerly the standard 
method of driving individual stamp batteries operated by a single line shaft; 
this practice is now almost obsolete, modern stamp mills using an individual 
motor for every five or ten stamps. 

Individual motor drives are almost universally installed at modern mills, 
for all classes of equipment. For tables and other small-power apparatus which 
can be closely grouped into rows or blocks and easily driven from line shafts, the 
economy of individual drives, whether as to cost of installation or expense for 
maintenance, has not yet been fully established; manufacturers expect soon to 
market a 1-hp. motor and speed reducer for $100, which is no greater than the 
cost per table for installing equivalent line-shaft drive. For tables, the present 
advantage of individual drives is mainly their ease of installation; they make 
accurate alignment unnecessary, avoid overhead supports for line-shafts, and 
are easy to maintain. For driving heavy equipment, individual motors offer 
the same advantages, with the added economies introduced by operating at 
higher efficiencies and power factors. | 

Motor characteristics. Large ore-dressing plants in North America 
operate, almost without exception, with 3-phase alternating current, usually at 
60 cycles but occasionally at 25 (50 cycles is standard practice in Europe). The 
advantages over direct current lie in the simplicity of apparatus, and, usually, 
lower cost of equipment. Standard rugged designs are cheapest both in first 
cost and maintenance expense. Motors having the same speed and size of 
shaft extension should be installed so far as is consistent with good efficiency, 
to reduce the number of spares carried. 
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Standard voltages are given in Table 24. Large a-c. motors (more than 
50-hp.) are commonly 2200- or 2300-volt; 440-volt current is used for large 


Table 24. Standard voltages 


Direct current Alternating current 
Generator Motor Generator |Transformer Motor 
125 115 120 115 110 
250 230 - 240 230 220 
575 550 480 460 440 
ieee at tate (or ge ER 600 575 550 
$0 EP STS Pa 2 AG oe 2,300 2,300 2,200a 
VOR Ls ea eae 6,600 6,600 6,600 
ogee Style © oars 11,000 11,000 11,000 
eS er cen 13,200 13,200 13,200 


a With synchronous motors it is customary to design the motor 
to operate at 2300 volts. 


motors in exposed conditions and for motors from 5- to 50-hp.; 220- or 110-volt 
for 5-hp. and smaller. 


At Honpuras Rosarro mill (115 J 1147) all but two of the motors of 15-hp. and larger 
are on 2200 volts, whereas at the Unrrpp Comstock (114 J 846, 117 J 616) all of the hun- 
dred motors (some of 150- and 200-hp.), aggregating 2800 hp., are on 440-volt current. 


Low-voltage operation causes higher operating losses and higher cost of 
conductor, but the equipment cost is less than in high-voltage work. In gen- 
eral, the economic voltage depends upon the load factor, the power consumed, 
and the distance from the generator to the point of consumption. (See Table 
25.) Distribution and interruption of current in a large mill are difficult at low 
voltage, and expansion is expensive, nevertheless the usual tendency is to adopt 
too low rather than too high voltage. 

Motor speed. High-speed motors are lighter, cheaper and usually more 
efficient than low-speed, provided they are equipped with efficient speed-reduc- 
ing drives. Speeds recommended (109 J 849) for 60-cycle synchronous motors 
in general mill service are shown in Table 27. E. Bachman (PC) recom- 
mends the speeds given in Table 28 for motors for general service. 

Outboard bearings should be specified for geared motors of 75 hp. and larger. 

Power rating. Highest efficiency and best power factor are obtained 
by operating a motor continuously at as near its rated capacity as possible. 
Hence motors for driving stamp batteries, ball, rod or pebble mills, compressors 
or blowers, pumps, and other steady-load apparatus, should have capacities 
corresponding as closely as practicable with the power requirements. For 
driving coarse crushers, rolls, Chilean mills, tables, agitators or settling tanks, 
elevators, conveyors, and other equipment subject to irregularity in feed or to 
excessive and variable friction, a motor should have a capacity two or three 
times greater than the normal requirement. The bad effect of so many over- 
sized motors on the power factor of a whole mill is not unduly serious, because 
in most mills, particularly those compelled to crush fine, a large part (50 to 75 
per cent.) of the total mill power is applied to the driving of steady-load equip- 
ment by efficient motors. 
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Table 25. Distances of transmission 


Distances to which 100-kw. three-phase current can be transmitted over different sizes 
of wires at different potentials, assuming an energy loss of 10 per cent. and a power factor 
of 85 per cent. 


Voltages 


3,000 4,000 5,000 


Number Area in 2,000 
B. & S. | circular mils 


6,000 | 8,000 


Distance of transmission in miles for various potentials 


at receiving end 
6 26,250 1.32 2.98 5.28 8.27 11.9 21.1 
5 33,100 1.66 8.75 6.64 10.4 15.0 26.6 
4 41,740 2.10 4.74 8.40 13.2 19.0 33.6 
3 52,630 2.54 5.96 10.2 16.6 23.8 40.6 
2 66,370 3.33 (ans 18:8 20.9 30.0 53.3 
1 83,690 4.21 9.48 16.8 26.3 37.9 67.4 
0 105,500 §.29 411.9 21.2 33.2 47.7 84.6 
00 133,100 6.71 15:2 26.8 42.0 60.4 107 
000 167,800 8.45 19.0 33.8 52.9 76.2 185 
0000 211,600 10.6 23.9 42.5 66.4 93.7 170 
250,000 12.6 28.3 50.3 AE 113 201 
500,000 25.2 56.7 101 57. 220 403 
Voltages 
Nishant dreatte 10,000 | 12,000 | 15,000 | 20,000 | 25,000 | 30,000 
B. & 8, | circular mils 
Distance of transmission in miles for various potentials 
at receiving end 
6 26,250 33.1 47.7 74.5 132 207 289 
5 33,100 41.6 60.0 93.7 166 260 375 
4 41,740 52.6 75.8 119 210 329 474 
3 52,630 66.2 95.4 149 255 414 596 
2 66,370 83.4 120 188 334 521 751 
a 83,690 105 152 212 421 658 948 
0 105,500 132 192 298 530 828 1190 
00 133,100 168 242 378 672 1050 1510 
000 167,800 211 305 476 846 1320 1900 
2390 
0000 211,600 266 283 598 1060 1660 
250,000 315 453 708 1260 1970 2830 
500,000 629 1 907 1420 - 2520 3930 5660 


Courtesy General Electric Co. 
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Table 26. Current in three-phase circuits with varying loads and voltages, 
100 per cent. power factor 
Kilowatts, amperes per phase 
Volts 

50 100 200 300 400 
110 262.431 524.863 1049 .727 1574. 591 2099 .455 
220 131.215 262.431 524.863 787.295 1049 .727 
330 87.477 174.954 349.909 §24.863 699.818 
440 65.607 #31.215 262.431 393.647 524.863 
600 48.112 96.225 192.450 288.675 384.900 
1,150 * 25.102 50.204 100.408 150.613 200.817 
2,300 12.551 25.102 50.204 75.306 100.408 
3,300 8.747 17.495 34.990 52.486 69.981 
4,400 6.560 13.421 26.243 29.364 525485 
6,600 4.373 8.747 17.495 26.243 34.990 
11,000 2.624 5.248 10.497 15.745 20.994 
13,200 2.186 4.373 8.747 13.121 17.495 
22,000 1.312 2.624 5.248 7.872 10.497 
30,000 .962 1.924 3.849 5.773 7.698 
33,000 874 1.749 3.499 5.248 6.998 
45,000 641 1.283 2.566 ~ 3.849 5.132 
60,000 .481 - 962 1.924 2.886 3.849 
100,000 . 288 577 1.154 1.732 2.309 

Kilowatts, amperes per phase 
Volts 

500 600 700 800 900 
110 2624.319 3149.183 3674.047 4198.911 4723 .774 
220 1312.159 1575.591 1837 .023 2099 .455 2361.887 
330 874.773 1049 .727 1224. 682 1399 . 637 1574.591 
440 656.079 787.295 918.511 1049 .727 1180 .943 
600 481.125 577.350 673.575 769.800 866.025 
1,150 251.021 301.226 351.430 401.634 451.8389 
2,300 125.510 150.613 175.715 200.817 225.919 
3,300 87.477 104.972 122.468 139.963 157.459 
4,400 65.607 78.729 91.851 104.972 118.094 
6,600 43.738 52.486 61.234 69.981 78.729 
11,000 26.243 31.491 36.740 41.989 47 .237 
13,200 21.869 26.243 30.617 34.990 39.364 
22,000 18.121 15.745 18.370 20.994 23.618 
30,000 9.622 11.547 13.471 15.396 17.320 
33,000 8.747 10.497 12.240 13.996 15.745 
45,000 6.415 7.698 8.981 10.264 11.547 
60,000 4.811 5.773 6.735 7.698 8.660 
100,000 2.886 3.464 4.041 4.618 5.196 


Courtesy General Electric Co. 


| 
| 
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Table 27. Speed of synchronous motors 


Table 28. Speed of general industrial 


Speeds, revolutions motors 
Horsepower per minute 
rating Maximum horsepower 
Belts Gears(a) of motor 
vga er ol bee ee eee Speeds, 
1-2 1800 900 revolutions 
5 1200 900 per minute Geared, 
714-10 1200 720 Belted steel 
15 1200 600 pinions 
20-50 900 600 RM eT me EL ORS eS 
75-100 720 514 1700 or 1800 40 5 
150-200 600 450 1440 or 1500 50 10 
1150 or 1200 75 25 
= 850 or 900 125 50 
a Plain spur gears; with herring bone ZOO LOTa TSO Tene sae 75 
gear, chain drive, or a flexible coupling on | | 


motor-shaft extension, the same speed 
may be used as recommended for belts. 


Applicability of motor types (115 J 1147, 109 J 849, 118 P 819, Peele; E 
Bachman, PC). The special fields for the various types of motors are given 
below; direct-current motors are included in view of their occasional desirability: 


DIRECT-CURRENT MOTORS 
Shunt-wound 
When the work is of a fairly steady nature. 
When a considerable range of speed adjustment is desired. 
When fairly close speed regulation is required. 
Compound-wound 
When there are sudden heavy loads of short duration. 
When heavy starting duty is required. 
Where, for these duties, series motors could not be used on account of excessive light- 
load speeds. 
Series 
When excessive starting torques are required, but only when speed regulation is not 
important and when light-load speeds do not become dangerous. 


ALTERNATING-CURRENT MOTORS 
Squirrel-cage 
For constant speed with normal starting duty. 
Squirrel-cage with high-resistance rotors 
For constant speed and heavy starting duty or when heavy loads of short duration are 
expected. 
Double squirrel-cage 
For excessive starting duty when the running duty would require a standard constant- 
speed squirrel-cage motor. Simplifies control. 
Slip-ring 
For heavy duty when some speed adjustment is necessary. These motors have the 
characteristics, not of d-c. adjustable-speed motors, but of d-c. motors with arma- 
ture control, the current consumed in the resistance to reduce speed being wasted. 
Multi-speed 
When direct current is not available and three or four definite speeds, in conjunction 
with gear changes, will give the desired speeds. 
Synchronous 
When load can be started by clutch or when the starting load is light. Applicable 
to centrifugal pumps starting under no load, and to air compressors or blowers 
where the load is increased after full speed is reached. 
Super-synchronous or ‘‘ Built-in Clutch” type synchronous 
When the load requires high starting duty but low and constant speed; ball and tube 
mills are typical examples. 
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“ Squirrel-cage’’ synchronous 
When the normal starting duty is too great for a standard synchronous motor, ¢.g., 
automatically-started compressors, pumps, etc. 


The distinguishing features of the three simple types of alternating-current 
motors compare as follows: 


SYNCHRONOUS SQUIRREL-CAGE INDUCTION SLIP-RING INDUCTION 
Constant speed. Constant speed, fixed by Variable speed, usually by 
frequency of the supply induction of resistance in 
current. the secondary circuit. 
Adaptable to high voltages, Adaptable to high vcltages. Adaptable to high voltages. 
thereby often obviating € 
transformers. } 
Good efficiency and high Good efficiency. Power Lower efficiency than squir- 
power factor at all loads. factor lower than syn- rel-cage. 


chronous motor, especially 
at fractional loads. 


Power factor under control. A low power-factor does not materially increase the power 


Can be used to equalize cost for driving the motor, but introduces greater voltage 
poor power-factor caused loss in the whole system, involving larger transformers, 
by induction motors. wiring, etc. 
Low starting torque (except Good starting torque except High starting torque. 
with special design). with low frequency. 
Requires d-c. excitation. Large current at start. Small current at start. 
Has collector rings. Nomoving contacts. Moving contacts may suffer 
from dust or moisture. 
Skillful manipulation re- Easily started. Fasily started. 
quired at starting. 
Costs more than induction Relatively cheap. Relatively expensive. 
motor. 
Principal uses 
Compressors or blowers. Coarse crushers. Intermittent hoist service. 
Centrifugal pumps. Rolls. Variable-speed drives. Start- 
Tube mills, if provided with Groups of any equipment ing under heavy load, as 
friction clutches. Stamp that can be started under elevators, plunger pumps, 
batteries. small load. tube-mills without  fric- 
In general, for loads that can oe Pe agitators 
be added gradually. 8: 


At Unrrep Comsrocr, operating at 440 volts exclusively (stepped from 60,000 and 
2300 volts), the tube mills are driven by slip-ring motors with reversible controllers; more 
than ninety other motors in the plant (some of 200-hp.) are of squirrel-cage type, with 
automatic compensators and push-button starters (114 J 846, 117 J 616). At Honpuras 
Rosario, mainly on 2200-volts, 20 stamps are driven by a 200-hp. synchronous motor with 
belted exciter, started by a 35-hp. induction motor and automatic synchronizer; three 
tube-mills each have a 75-hp. slip-ring motor with flexible coupling and reversing starter 
(no clutch); all plunger pumps have slip-ring motors; the agitator compressor has a 75-hp. 
squirrel-cage motor. At Panpa six synchronous motors (three of 350 and three of 525 hp., 
each at 6600 volts) are used to drive 2-stage centrifugal pumps for water supply of 10,000 
gal. per min. against a head of 506 ft. (29 MM 137). The Auaska-JunnAU mill contained 
several unusual features, made possible by an abundant surply of power from its own 
generators and those of the adjoining ALASKA-TREADWELL mine (120 P 251). Each of the 
two coarse-crushing sections contained one 36 X 48-in. jaw crusher and two No. 9 gyra- 
tories; these three crushers were driven by clutch pulleys on one shaft direct-connected to 
a 350-hp. synchronous motor of 2200 volts and 360 r.p.m., with direct-connected exciter. 
The starting torque was sufficient to start all connected equipment without releasing the 
clutches. The slow speed of this motor obviated countershafts and other reducers, space 
for which.was wanting. Fine crushing, in two stages, was done in twelve ball mills 
(8 X 6-ft.) each driven by one 225-hp. motor, and twelve tube mills (6 X 12-ft.) each with 
one 150-hp. motor; all of these motors were of squirrel-cage type, 2200-volt, 435-r.p.m., 
specially designed for large starting torque. The mills had friction clutches, but it was 
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seldom necessary to use them; motors were thrown directly on the full line voltage by spe- 
eial circuit breakers and without compensators, but extra-heavy feeder lines.were installed. 
The unbalancing caused by these motors was compensated by the synchronous motors at 
the coarse crushers. Two centrifugal pumps for mill water, 3000 gal. per min. each, were 
each driven by a 400-hp., direct-connected, squirrel-cage motor, not specially designed 
for high starting torque; a synchronous torque 33 per cent. of the full-load torque proved 
satisfactory. These motors were excited by independent d-c. circuit. At the SANTA 
Barpara mill (112 J 1050), with nineteen motors aggregating 590 hp., three slip-ring motors 
of 100 hp. each are used for coarse crushing and rod-mill grinding, but all others are of the 
squirrel-cage type. 


Mechanical transmission in some form is necessary between the motor 
and the driven machine. 


Long belts are efficient, but may occupy space needed for other purposes. The belt 
span should not be less than five times the diameter of the larger pulley, and the more 
nearly horizontal the better; inclinations up to 60° are allowable. 

Short belt, with a tightening idler permits the motor to be placed at either side or above 
or below the driven pulley, with a clear distance as small as 2 or 3 ft. between faces of 
pulleys; endless belt is practically unavoidable. 

Chain drive is as efficient mechanically as a short belt with tightener and has the advan- 
tage of producing less journal friction in both sprocket shafts. The shaft must be accur- 
ately aligned and so mounted that the chain may be tightened. Wherever possible, ver- 
tical chain drives should be avoided and the machines should be mounted so that the chain 
may be conveniently taken off and replaced without undue loss of time. For this reason 
the sprockets should not be too close to walls or other machines. 

Spur gearing is an accepted method of driving tube mills. Owing to the impossibility of 
preventing some longitudinal motion in the mill which will be transmitted to the pinion 
shaft, a motor cannot safely be rigidly connected to the shaft, but must drive through 
a flexible coupling; or by belt or chain, if further reduction of speed is desired. A further 
purpose of flexible couplings is to avoid minutely accurate alignment of the motor. A 
spur gear is often applied to an elevator drive, in which case the reduction should be made 
near the motor, the elevator being driven by belt from a jack-shaft. Geared machines 
must be accurately aligned and rigidly fastened to a common base. An error of a few 
thousandths of an inch may produce serious vibration and ultimately break the shaft or 
wreck the apparatus. When gears are properly meshed, it should be possible to pull a thin 
piece of paper from between the teeth without tearing. 

Herringbone gear is more expensive than spur gears, but permits larger speed reduction 
and is sufficiently more efficient in power transmission to pay for itself easily in tube- and 
ball-mill drives where the motor is direct-connected to the pinion shaft. 

Worm gear with high ratio of speed reduction is applied to such slow-moving apparatus 
as thickening tanks, and with a lower reduction ratio, in head motions of unit-driven tables 
and for conveyors. For driving inclined conveyors and all forms of bucket elevators, 
worm-gear drive avoids the necessity of safety devices to prevent back travel on stopping. 

Bevel gears are found chiefly in gyratories, Huntington and Chilean mills, trommels, 
and M.S. flotation cells; they are usually a source of annoyance, and are to be avoided 
wherever possible. 


Direct connection is desirable for high-speed and constant-speed apparatus, 
such as centrifugal pumps of moderate size, fans, blowers, etc., and even for 
slower-speed equipment, the advantages of direct drive may sometimes justify 
the additional expense of aslow-speed motor. Direct-connected machines must 
be mounted on and rigidly fastened to a common base in order to maintain accu- 
rate alignment and flexible couplings must be used to prevent trouble from end 
thrust. Couplings should be aligned with a straight edge placed against the 
outer diameter at top, bottom, and sides, with the rotating parts standing in 
different positions. 

Electrical power transmission. (H. Bachman, PC.) The relation between 
kv-a., power, current, potential, and power factor in the different types of 


circuits is as follows: 


Direct current. See Fig. 8a. I = current per wire, in amperes; H = potential 
between wires, in volts; P = HZI/1000 in kw. 
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Alternating current, single phase. See Fig. 8b. cos ¢ = power-factor. Apparent 
power = Kv-a. = EI/1000 and P = EI cos ¢/1000 in kw. 

Alternating-current, 3-phase, 3-wire. See Fig. 8c. This is the most common 
form in which alternating-current energy for power purposes is produced. Potential to 
neutral, in volts = ¢ = H/\/3. Apparent power = Kv-a. = +/3 EI/1000 = 3 eI/1000; 
and P = 4/3 EI cos ¢/1000 = 3 eI cos ¢/1000 in kw. 

Alternating-current, 3-phase, 4-wire. A 3-phase, 4-wire system is commonly used in 
cases where it is desired to supply power at maximum potential to a number of single- 

phase independent circuits, which may and prob- 


bee i 0) ably will be unbalanced; and at the same time have 
ies aN maximum assurance against insulation breakdown. 

(a) (b) COON For example, a 4000-volt Y-connected generator 
Gp lee oy) with the neutral grounded and brought out to form 

aD) y - = the fourth wire of a 3-phase, 4-wire system, may 
Lal oun ) be used to supply power to single-phase transformers 
iseelly te SR having 2300-volt primary windings and connected 
vr Wa between one of the phase wires and the neutral. It 
t Oo moO is advisable to endeavor to balance this type of 
| N Ay ay single-phase load so as not to overload any one 
® keiths a @ phase of the generator while other phases remain 
Seeeebas go Nara underloaded. For a balanced load (equal load be- 

(d) (e) tween each conductor and neutral) no current will 

ihe, Seay e oe re flow through the neutral and the circuit may be 


considered simply as 3-phase, 3-wire. In case of 

an unbalanced load, the unbalanced current will flow through the neutral. 

Alternating-current, 2-phase, 4-wire. See Fig. 8d. Potential to neutral, in volts 
=e= E/2. Apparent power = Kv-a. = 2 £I/1000; P = 2 EI cos 4/1000 in kw. 

Alternating-current, 2-phase, 3-wire. J = current in outside wire, in amperes; 27 = 
current in common wire, in amperes; EH = potential between outside and common wire, 
volts; e, = 0.745 E = potential between outside wire and neutral; eg = 0.471 E = poten- 
tial between common wire and neutral. Apparent power = Kvy-a. = 2 #I/1000; P = 
2 ET cos ¢/1000 in kw. 


Conductors are of the following classes: (a) Exposed bare conductors 
for ground connections. (b) Exposed insulated conductors mounted on insu- 
lators, for low and medium potentials. (c) Exposed bare conductors mounted 
on insulators, for high potentials. (d) Small insulated conductors in iron con- 
duit. (e) Large insulated conductors in fiber or tile duct. 


Short-circuit currents and their effects. An installation must be constructed proof 
against any reasonably conceivable abnormal condition. The most important, and pos- 
sibly most frequent, cause of trouble is short-circuiting, despite most elaborate precautions. 
Hence all measures within reasonable expense should be employed to limit the destructive 
effects. The initial short circuit usually results from failure of insulation. Any circuit or 
piece of apparatus subject to short circuits should be removed from service as soon after 
the short circuit has occurred as is reasonably possible 

Four important provisions against short-circuiting must always be made: (a) Material 
of fireproof or fire-resisting nature should be used whenever possible; if not possible, appa- 
ratus and conductors should be segregated and enclosed by suitable barriers or cells, so that 
a fire resulting from a short circuit will be confined to a small part of the installation. (b) 
All apparatus and material should have ample strength to resist the mechanical stresses 
resulting from the abnormal flow of current during a short circuit. (c) All circuit breakers 
that may be called upon to open a short circuit should have ample capacity to rupture 
the maximum current that can flow at the instant they are called upon to operate. It is 
necessary not only that breakers be amply insulated to operate safely at the installation 
potential, and that the contacts have sufficient area to carry the maximum current during 
normal operation; but it is also necessary to know the maximum short-circuit current 
that they may be required to open and to be certain that each breaker selected has ample 
rupturing capacity to open that circuit safely. This is one of the most important points to 
be considered but unfortunately is the one most frequently neglected, often with dis- 


astrous results. (d) Current should not be allowed to flow through a short circuit any 
longer than can be avoided. 


Bare conductors are usually employed when the voltage exceeds 15,000. 
These consist of solid wire, copper tubing, or iron pipe. The use of tubing 
makes it possible to reduce the number of expensive insulators used for sup- 
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port. It is expensive and quite unnecessary to insulate such high-voltage 
conductors because when properly installed they are widely spaced and kept 
well away from the ground. 

Cable is used for inter-connection of apparatus and generally for low- 
voltage distribution. That for inter-connection should be of the best grade of 
material and installed in the best possible manner. The cost is but a small 
percentage of the total. Transmission cables may represent a considerable part 
of the total investment in electrical equipment when used for distribution of 
power to a number of isolated loads. 


When large cables are multiplied to carry the current for low-voltage machines it is 
necessary to arrange and group the phases so that each conductor will have about the same 
reactance and thus the current will be properly apportioned between the different con- 
ductors in parallel. When dealing with large conductors, special care should be taken to 
support them rigidly so that they will not be torn from their supports should a severe short 
circuit occur. 

Exposed cable runs. The best arrangement, provided the number of cables in close 
proximity does not make the group too congested or hazardous, is to use wires or cable 
insulated for full potential and rigidly supported on insulators good for full potential. 
This arrangement is safe, since each method of insulation affords full protection. Exposed 
runs are under constant observation. VaRNISHED CAMBRIC is the most lasting insulation 
because it does not absorb moisture, like paper insulation, and does not deteriorate ag 
rapidly as rubber. It should be thoroughly covered with a fireproof braid or tape to mini- 
mize communication between circuits in the event of a short circuit or ground on one cir- 
cuit or conductor. A 32-in. asbestos tape with a flame-proof braid covering gives excellent 
fire protection. 

Cables in conduits or ducts should be stranded. Iron conduit is ordinarily used up 
to 4-in. diameter; above this size fiber or tile is satisfactory and less expensive. Iron 
should not be used with alternating current unless all conductors of the circuit are in the 
same conduit. Rubber-covered standard conductors with double waterproofed braid 
(or tape and braid) are generally used for conductors up to 600 volts and as large as 0000 
B. & S. gauge. Varnished-cambric insulation is by far the best for larger cables and higher 
voltages, provided it is covered with good weatherproofed braid for protection against 
abrasion. Cambric-covered cables may be run in fiber ducts, if they are carefully drained. 
Cables for main connections of considerable importance are frequently installed with 
insulation suitable for voltages 50 per cent. in excess of the rated voltage. 

Lead-covered cable used on a-c. circuits should be of the multiple-conductor type. 
Eddy currents in the lead sheaths of single-conductor cables increase the energy losses. 
Single-conductor lead-covered cables should not, in general, be used for heavy a-c. circuits. 

Armored cables and conduits. On d-c. circuits, where maximum copper area is desired, 
single conductors should be used. Single-conductor cable is preferable for low-tension, d-c. 
mains on account of the simplicity of service connections. Concentric cables give maximum 
ampere capacity per duct for single-phase alternating current, but flat twin cables are 
usually more convenient and cheaper for mains and lines where the area is less than 250,000 
circular mils. They are liable to kink and are not recommended in sizes larger than 250,000 
circular mils. For two-conductor cables larger than 250,000 circular mils, either round 
cable (two conductors twisted together) or concentric cable is best. Triple conductor is 
almost a necessity in three-phase, a-c. work in order to avoid disturbance to parallel cir- 
cuits and reduce loss in the lead sheath to a minimum. (If single-conductor lead-covered 
cables are used in a-c. circuits the sheaths should not be in contact nor connected by any 
low-resistance path.) Multiple-conductor cable is best for a number of small conductors 
run in one duct. : ; 

The cheapest cable insulation for UNDERGROUND crrcuITS is paper and it can be used 
safely when the lead cover is not subject to corrosion. The insulation on sizes smaller 
than No. 6 B. & 8. is likely to be injured by sharp bending or handling, and for smaller con- 
ductors, rubber insulation is best. It is also best for cables placed in very wet ducts, where 

> osion is to be expected. 
ao or nsceneds of insulation is principally dependent on mechanical requirements with 
low-tension cables (less than 1000-volt); for higher voltages the thickness is governed 
by the diclectric strength required. For 3-phase alternating current ungrounded or delta- 
connected, one-half the thickness of insulation should be put around each conducton and 
the other half surrounding the three conductors. This gives the same total ee of 
insulation between conductors and between each conductor and ground. sa 3-p a 
circuits Y-connected, with the neutral grounded, the thickness of the outer ee et may be 
reduced to roughly one-half the thickness of the insulation on the individual conductors, 
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since the pressure to ground is approximately 60 per cent. of the pressure between con= 
ductors. 

Finish on cables in clean, dry ducts or wooden boxes underground or in any situation 
where the cable is not subject to mechanical injury or liable to corrosion should be plain 
lead. For wet ducts, or other places where corrosion (but not mechanical injury) is to 
be feared, and for burying directly in clean earth, with a protecting plank or tile laid above 
the cable, use a jute and asphalt jacket over the lead. When mechanical injury is to be 
guarded against, use band-steel armor over the jute and asphalted lead. If the cable is 
not to be supported practically continuously use wire-armored instead of band-steel armored 
cables. Such cable may be suspended for any practical distance, practically the entire 
strain being taken by the wire armor. 

Current-carrying capacity of an insulated conductor is determined within practical 
limits by the maximum temperature the insulation will withstand. The temperature 
should not be above 85° C. for saturated paper, 75° for cambric, and 60° for rubber. The 
limit is lower for high voltage. The following maximum safe temperatures at the surface 
of the conductor in the cable are recommended in the Standardization Rules of the A. I, 
E. E.: For impregnated-paper insulation, 85-H; for varnished-cambric insulation, 75—E; 
for rubber compound insulation 60-0.25EZ, where E = the effective operating yoltage in 
kilovolts between conductors. 

The maximum safe continuous load for any given cable is higher with direct than with 
alternating current, but the difference is of slight practical importance for conductors less 
than 500,000 circular mils in area. The safe load is less for 60 cycles than for 25 cycles; 
less in the tropics than in temperate zones; it increases markedly in winter; it decreases 
with the number of loaded cables adjacent to each other; e.g., the average safe load in a 
four-duct line would be about 60 per cent. greater than in a 16-duct line; and cables immersed 
in water carry at least 50 per cent. more current than those buried in earth. 

Table 29 shows the carrying capacity of different sizes of cables. The figures in the 
table are based on concentric stranded conductors. If solid conductors are used, reduce 


Table 29. Allowable current in copper wire and cable 


Amperes Amperes 
Size 
B, & S. | Circular mils Circular mils 
gage Rubber Other Rubber Other 
insulation | insulation insulation | insulation 

18 1,624 3 5 250,000 237 350 
16 2,583 6 10 300,000 275 400 
14 4,107 15 20 350,000 300 450 
12 6,530 20 25 400,000 325 500 
10 10,380 25 30 450,000 362 550 
8 16,510 35 50 500,000 400 600 
6 26,250 50 70 600,000 450 680 
4 41,740 70 90 700,000 500 760 
7 66,370 90 125 800,000 550 840 
ab 83,690 100 150 1,000,000 650 1000 
0 105,500 125 200 1,250,000 750 1180 
00 133,100 150 225 1,500,000 850 1360 
000 167,800 175 275 1,750,000 950 1520 
0000 211,600 225 325 2,000,000 1050 1670 


the current given (for 30°C rise) by 7 per cent. For two-conductor cables, either round 
or flat, decrease the current given for single conductor by 15 per cent. For two-conductor 
concentric cables, decrease the current given for single conductor by 25 per cent. For four- 
eonductor cables, reduce the current given for three-conductor cables by 12.5 per cent 
For higher-voltage cable reduce table values by 1 per cent. for each 2000 volts that Ay 


working pressure exceeds 3000 volts; for example, 25,000 volt cable 11 per cent. less than 
the tabulated values. 


Conduit sizes. See Table 30. 
Current in motor terminals. See Table 31. 
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Table 30. Conduit sizes for wire and cable 
(As adopted by the National Fire Protection Association) 


Conductors Conductors 
in conduit 1 2 3 Pate con dtiG 1 2 3 4 
Wire, B. & S. ; Aa Wire, ci : bins. 
ere Size of conduit, inches es cin Size of conduit, inches 
14 Vv, % 4% 34 200,000. A ND Dale WW ORV 
12 y% 34 34 34 250,000 TRY eel a Ny G3 
10 V4 34 % | 1 300,000 Te eo a ee ort ce [ae 
8 Le be I 1 1 400,000 sie hg 3 3% 
6 % | 1 MA uel ely, 500,000 Aa |e 3 3% 
5 3 Po 1 dK 600,000 14/8 Ya | aie 
4 Bo Neel agi) ula eat te, 700,000 2 ie) al Me Yel ee ees 
3 LOTR ae) a eZ 800,000 2 SG Mea te ieee rene 
2 34 14%} 1%] 1% 900,000 2 Bag Phage), Lathes 
1 he AY |g 4) 2 1,000,000 2 4 Lalli a 
0. 1 14% | 2 2 1,250,000 SWAN Be BE © Wiig 
00 1 2 2 2 1,500,000 SUVA AN A Se aeonene es 
000 1 2 2 2u% 1,750,000 3 5 BN Fralemeres 
0000 1a 20 eA 2,000,000 3 5 yes alee ccaats 


Table 31. Current in motor terminals 
(Approximate amperes per terminal for a-c. induction motors, for determining size 
of wires, capacity of fuses, and setting of circuit breakers) 


| Voltage, three-phase 
Horsepower 
of motor 
110 220 440 550 2200 
1 6.5 3 62 A iad arr are OE oc 
2 12 6 3 DLAI) Basel 
3 17 9 4.5 Biath wei haste 
5 30 15 (Ce) Cor Ero eke. 
7% 45 22 11 OUR a er 
10 59 29 14 ME an wht 
15 84 41 20 16 4.5 
Oa = thie ote 55 27 22 oe 
25 ee AES 62 31 25 7 
LO Ra Bae ee aes 81 40 32 8 
Sorrel ei saa 94 47 38 OES 
AOE TURIN SR 109 54 44 11 
(OO ap tes eR RS OF 127 64 52 13 
TN AE SO 192 96 77 20 
LOG AMPAE S18 oe 248 124 100 25 
PHOS See 366 183 147 40 
DOORS I TM Aa 475 237 192 49 
DEOL Fare ave 590 290 Zar 62 
SOOR Me say To 700 350 285 74 


For single-phase motors, multiply the current for three-phase motors by 1.73, For 
two-phase motors, multiply the current for three-phase motors by 0.886, 


= ees 
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Power generation. The great majority of American ore-dressing mills 
of medium and large size operate electrically; public-service water-generated 
power is transmitted for this purpose as far as 175 miles (to Butte), 150 miles 
(to Mascot, Tenn.), and 100 miles (to Tonopah), while transmission of 50 to 75 
miles is common. MN Oe ’ 

Hydro-electric generators are rarely warranted for an individual mill of 
short or unknown life owing to the heavy expense usually required for storage 
reservoirs, although the generating station itself may be no more expensive than 
a steam plant of corresponding size. 


In the rugged and rainy coasts of British Columbia and southern Alaska exceptionally 
favorable hydraulic conditions justified several of the large mining and milling companies 
in erecting water-driven generators. The total cost of hydro-electric plants (before 1917) 
including dams, ditches, and all equipment, was estimated at $100 to $200 per kw. capacity 
(Peele). On the score of reliability of operation, a hydro-electric plant is equal to steam 
and superior to gas-engine, the most common source of delay being ice at the intake; a 
long transmission line, however, is always subject to interruption. 


Steam generation in plants designed for the utmost efficiency is the 
usual practice at many large mills in the United States, and steam genera- 
tion is usually preferred at small mills where first cost 1s considered more 
important than fuel economy. Coal or oil is used as fuel, depending upon 
availability; the convenience of the latter may offset higher unit cost. The 
plant should be designed to furnish power at a minimum cost per hp.-hr. 
delivered (not rated output), including interest and amortization of plant within 
the life of the mill. The necessity for uninterrupted service may justify a 
greater outlay than would be warranted on grounds of fuel or labor economy. 

The essential elements of a steam plant are boiler, engine and feed-water 
pump; further equipment intended to economize fuel or labor, stated in the 
order in which it is usually adopted, is feed-water heater, compound engine, 
condenser, superheater, automatic stoker (107 J 1121). Fuel economy and 
reduced cost per unit of power generated are thus gained at the expense of 
simplicity (entailing more skilled supervision) and of original outlay. Tur- 
bines are cheaper and simpler than reciprocating engines, but require more 
skilled supervision. The cost of steam-driven generating plants (before 1917) 
including buildings and all equipment (Peele) varied from $$0 to $140 per rated 
kw. for reciprocating engines, and from $40 to $90 per rated kw. for turbines. 

Diesel engine has about the same weight and cost, per unit of installed 
power, as a steam-engine plant of the more elaborate types; it is particularly 
noteworthy for its high fuel efficiency up to the safe limit, which is fixed by the 
weight of air that can be admitted to its cylinders, but it is incapable of carrying 
sustained overloads. It requires skillful supervision, and repairs and renewals 
constitute a large item of expense, which, however, can be diminished by regular 
replacement of worn valves, etc., before failure. Its best field is at plants of 
moderate size, where coal would be uneconomical and fuel oil expensive; its 
consumption averages only 30 to 40 per cent. of the amount required at a high- 
class oil-fired steam plant of corresponding size. 

Notable installations of Diesel-driven generators have been made by the Phelps Dodge 
Corp. at Tyrone, Morenci, Globe, and Nacozari. Those at TyRONE, at 5950-ft. elevation 
(119 P 369), are vertical, 2-cycle, with 5 cylinders 20.6-in. diameter and 26-in. stroke; speed, 
180 r.p.m.; rated at 1250 brake hp. at sea level. The scavenger pump is large enough to 
maintain a pressure of 2 to 3 lb. per sq. in. in the cylinder at the beginning of the stroke, 
thereby simulating sea-level conditions; this plan increases fuel consumption per available 
hp., but makes the total cost lower by permitting investment in a smaller engine. A 


compressor for the oil injector, and to store compressed air for starting, is direct-connected 
to the engine. Wach engine is direct-connected to a 60-cycle alternator of 815 to 850 ky-a, 
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capacity. Fuel is the same quality as that used under steam boilers, California 14° to 20° Bé. 
occasionally carrying 2 per cent. sulphur; some oil of 24° Bé. is fed just before stopping an 
engine, so that its first supply on starting will ignite more readily. The heavier oil is 
warmed by coils carrying cooling water from the exhaust jackets of the engines. Fuel 
consumption, per hour, varies directly with the load, from 175 lb. at 100 kw. to 420 lb. at 
600 kw.; above that point, consumption increases somewhat more rapidly, being 570 |b. 
at 800 kw. A steam plant with the same output as the Diesel engines at Tyrone is esti- 
mated to require five times more water, 214 to 214 times more fuel, but only one-third as 
much expense for repairs and replacements. Costs for labor and miscellaneous supplies 
are practically identical. A Iron Mr., Mo., two 500-hp. Diesel engines drive two 436-kv-a. 
generators at 2300 volts. The cost of the whole plant (1923), including building and all 
accessories, erected and running, was $100,000. Operating at half capacity, with oil at 
$1.65 per bbl., the cost was 1.78¢ per kw.-hr. including interest and amortization (15 yr.). 
Berry O’Neau mill (and mine) Lewis, Nev., operates two Fairbanks-Morse 6-cylinder 
semi-Diesels of 300- hp., each direct-connected to a 200-kw., 460-volt alternator of 60 cycles. 
Fuel is 27° Bé. distillate, costing 7.1¢ per gal. at the mine; each engine consumes 17 gal. 
perhr. The total power cost is $6 per hp.-month (117 J 449). Cooling water from the mine 
is chemically softened before use. 


8. Lighting 


Artificial lighting (#. Bachman, PC) is necessary for safety and to enable 
workmen to inspect operations. The usual practice is to install a lighting cir- 
cult of 110 volts with separate transformer, or an individual dynamo so that 
lighting need not be subject to interruption. It is possible to secure lamps for 
220-volt circuits but these are not so efficient, sturdy or generally useful as 
110-volt lamps. Exposed wires are permissible in a steel structure; iron pipe or 
flexible metallic conduit is safer for wooden mills. 

Incandescent lamps of high intensity on series circuits are installed at Uran Consout- 
DATED, CHIEF CONSOLIDATED, SitverR Dyke, U. 8S. SmetTinc R. & M. Co. and other 
mills. ‘This system is more efficient, lower in first cost, and easier to maintain than mul- 
tiple systems. The layout is the same as for multiple circuits, except that series sockets, 
lamps, and reflectors such as are used for street illumination are necessary. Lead-covered, 
single-conductor cable, No. 8-gage is most economical, since it can be run on girders, etc., 


without insulators or pipe conduits. For comparative efficiencies of the two systems, see 
Fig. 9, Series circuits are fully safeguarded from the effect of high voltage coming from 
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Fic. 9.—Relative efficiencies of multiple and series Edison Mazda lamps. 


an open-circuited secondary, lamp burn-out, etc., by suitable protective devices. Lamp 
operation is protected by a film cut-out in each socket. In case a lamp burns out, the film 
cut-out is punctured in the socket, which permits current to flow through the circuit without 
interrupting the operation of other lamps. 
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Methods of illumination (123 P 751, 61 EW 628, 70 EW 6, 201; 72 ER 907, 
9 Trans. Illum. Eng. Soc., 814). In a small mill, 50-watt lamps or larger, with 
reflectors and waterproof sockets, are suspended by cords, wherever needed; 
they should be within reach for easy cleaning and replacement, and the number 
should not be stinted. With power at 1¢ per kw.-hr., the total cost for lighting 
with Mazda lamps (including replacements) is 4¢ to 5¢ per 1000 candle-power- 
hours (c-p.-hr.) One c-p. = 0.75 watt in this type of lamp. Globes and reflectors 
should be kept clean. Theft-proof sockets are on the market. Drop lamps 
are necessary for close work, but produce glare, which reduces acuity of sight 
and tires the whole body. Breakage of lamps is liable to be excessive and the 
cost of wiring is high. General illumination with a relatively small number of 
large, efficient lamps is now in extensive use for all types of industrial light- 
ing and is well suited to large ore-dressing plants. When the arrangement 
of a mill is such that the greater part of the area needs only relatively low 
intensity of general illumination, but some few operations require much higher 
intensity, the most economical plan is to supplement overhead lighting with 
local lamps judiciously placed, e.g., at tables and jigs. In some of the most 
modern plants portable lamps are issued in the same way as special tools and 
conveniently located wall outlets are installed for attaching them. 

Types of lamps. The inside-frosted Mazda C lamp is most generally 
applicable for general illumination. It is efficient and sturdy; the smooth white 
mineral coating on the lower portion of the bulb diffuses the light, eliminates 
glare, and makes the shadows soft and feathery rather than dense and harsh. 
Special features of construction, such as the short stem and flexible supports, 
give these lamps greater strength than the old Mazda B lamps. 

Cooper Hewitt mercury tubes have proved satisfactory at Mramr and other large mills. 
They are particularly useful where it is difficult to recognize the valuable minerals by incan- 
descent light. Iron ares are used at the Franklin plant of New Jersry Zinc Co. to show 
apple-green willemite on the tables. 

Reflectors. The RLM standard dome reflector is most used for general 
or localized general illumination. It gives a desirable distribution of light with 
adequate illumination on vertical surfaces, is efficient, easy to clean, and so 
designed that direct glare is reduced to a satisfactory minimum. The deep- 
bowl metal reflector gives a lower cut-off. This tends to reduce the amount of 
light on vertical surfaces and although there may be exeellent illumination on 
the working plane a room often appears dull. The deep-bowl reflector is espe- 
cially serviceable in local lighting with low-hung lamps. Angle metal reflectors 
are used where especially high illumination is required on vertical surfaces and 
where hghting units must be located on the side walls. They are frequently 
placed below a crane track and should generally be supplemented by overhead 
units. : 

A number of types of metal reflectors specially designed for industrial light- 
ing provide additional means of diffusing the light. Sometimes a polished- 
metal cap is placed over the lower half of the lamp bulb to cut off the direct 
hight. Diffusion is sometimes accomplished by opal-glass diffusing caps, and 
some devices employ a shield of metal.on the level with the filament. If the 
teflector itself is properly designed, these additional accessories tend to eliminate 
sharp shadows and annoying reflections from the work at a reduction in total 
output of light and a somewhat higher cost of equipment. Prismatic, mir- 
rored, and dense opal, deep-bowl glass reflectors are also used. ‘These may be 
very efficient and give suitable distribution of light. The translucent types 
produce a bright, cheerful room. While it is evident that breakage is likely to 
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be greater than with metal reflectors, the hazard is not so great as often assumed. 
Enclosing, or semi-enclosing units of opalescent or diffusing glass find quite an 
extensive application; they produce excellent diffusion with slight sacrifice of 
efficiency. 

Lamp spacing. The standard dome reflector and bowl-enameled Mazda 
C lamp have become almost 
standard equipment for mill light- Table 32. Spacing of lights 
ing. Assuming this unit gives out 
a certain definite amount of light Rough work, requiring no discernment al 
the advisable spacings of different | detail; general illumination of approximately 
sizes are as shown in Table 32. Cie Oe a 


9. Heating Ceiling height, Unit lights, Maximum 
feet watt spacing, feet 


Heating of mills in cold cli- 
mates is necessary not only for we ie 
comfort but to avoid delays due 150 18 


| 75 12 
to freezing. Practically every im- | 100 15 
{ 
\ 


Less than 12... 


portant mill in the United States, | 12 to 16-...... a 
except a few in the Southwest, 150 18 
makes special provision for heating 200 22 
during the winter; in some cases, 
stoves are sufficient, in others ex- 
haust from steam engines is util- Work requiring observation of machine oper- 
A b h 1 F d ation; general illumination of approximately 
ized, but the general practice is | 5 foot-candles: 
to install radiators connected to 


CUPINE, treating 241,000 tons, the an- 
nual heating cost is $15,000, or 5.6 per 


cent. of the total milling expense; at mit Va See , 
Nirtsstve the annual cost for heating Work requiring discrimination of detail; 


the low-grade mill is $22,000, or 6.3 per general illumination of approximately 8 foot- 
cent. of the total milling cost for 82,000 | candles: 


steam boilers set aside for this 100 10 
Less than 12... { 
purpose. f 150 13 
. 7 : 15 
In Ontario, heating during 5 to 6 | 12 to16....... { 8 fe 
months of the year becomes a heavy 200 16 
item of expense. At McInryru-Por- | More than 16.. { 300 20 


tons. 

_ Steam-heating system for mills | 5... ¢uan 12... | WA * 
in the western and north-western 200 13 
United States may be designed on | jo to 16....... 150 10 
the following principles: (a) An a ae 
average radiator surface of 1 sq. | More than 16.. ( 300 16 
ft. (with steam at 5-lb. pressure) 


suffices for 160 cu. ft. of mill 
interior; in a terraced mill, radiator area in the lower sections should be some- 
what above average, and less than average in the upper sections. (b) Based on 
the area of radiators alone, the boiler rating should be 1 hp. per 50 sq. ft. (¢) 
Including the radiating surface of supply- and return-steam lines, 1 boiler hp. 
per 80 sq. ft. of total radiating surface is usually ample. (d) Cost of radiators, 
pipe and installation, but not including boilers, is 0.4 to 0.5¢ per cu. ft. of mill 
interior. (e) A reducing valve set to deliver at, say, 5-lb. pressure, should be 
placed in the supply main ahead of the first radiator branch. (f) A drip pocket, 
connected to a steam trap, should be placed in the high-pressure line near the 
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* 
boiler, or at any other low points in that line. (g) A steam trap should also be 
attached at the end of the return line, delivering its water to the sump for the 
boiler-feed pump; at a small mill or at one having no parts subject to a sudden 
drop in temperature, the return line may lead directly to the boiler. 

Design of radiators. (a) A continuous-pipe radiator, with U-joints, 
requires no left-hand threading, and is cheap and easy to construct; where large 
heating effect is required, this design is objectionable in that the cumulative 
effect of condensation may 
overload the lower pipes 
in the series with water 
and retard steam circula- 
tion. (6b) A grid of radia- 
tor pipes rigidly connect- 
ing two parallel headers 
requires right- and_ left- 
hand threading, is difficult 
to make tight at all joints, 
and is likely to develop 
leaks with unequal expan- ~ 
sion; pipes can be welded 
into a wrought-iron header 
by a skillful operator, but the expense is likely to exceed that of threading 
and tapping. (c) The design shown in Fig. 10 has the advantages of using 
only stock materials (headers are cast-iron), being easily and quickly con- 
structed, and having ample allowance for unequal expansion; the latter pro- 
vision could also be made, with parallel headers, by a right-angled bend, 
setting the radiator in a corner. For stated lengths A, the amounts of 1-in. 
pipe and the total radiating areas are as given in Table 33. 


13 Supply Branch tee #2 
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4 ‘Air cock 


1" Pipe, 


Branch tee *2 


Fie. 10.—Outline sketch of mill radiator. 


Table 33. Data for radiator shown in Fig. 10 

l-in. pipe, Radiation, | Cost (1924), 

A, feet ; 

linear feet square feet complete 
10 168 56 $63.25 
12 200 67 67.05 
14 232 78 70.85 
16 264 89 74.65 
18 296 100 78.45 


ee 


Radiator fittings 


Connecting fittings 


2 Crane ¢.-i. branch tees No. 2, with 16 @ 
1-in. branches, 14-in. tap at inlet end, 
1%-in. tap at outlet. 

2 Bushings, 14%- to 14-in. 

2 Air cocks, 4-in. 

16 @ 1-in. 90° ells, right- and left-hand 
threaded. 

8 Hook plates for 1-in. pipe, 4 hooks each, 
spaced 2 %-in. 


2 Kewanee unions, 1 4-in. 

2 Gate valves, 1 14-in. 

3 Standard 90° ells, 114-in. 

2 Street 90° ells, 114-in. 

(The above fittings allow for a swing joint 


in the supply line, and one ell in the 
return line.) 


Table 34 gives the radiator areas that can be adequately supplied with steam at 
5-Ib. pressure through supply pipes of stated lengths and diameters; also the diameters of 


suitable return lines. 


Knowing the total radiator area and the distance from mill to boiler, 
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the necessary sizes of supply and return lines can be calculated. In similar manner, the 
diameters of branch lines serving different sections of a large mill can be estimated. 


Table 34. Dimensions of pipe lines to supply stated radiator areas 


Length of supply line, feet 
Diameter | Diameter 
ofsupply | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000] of return 
line, line, 
inches 3 inches 
Radiator areas, square feet 
14% 1 0 fo) Parental eke Stree repel ver act lesen real merece Mote man erie ot Te 1 
1% 216 154 ZZ enh OS [tae tae el eaten nelle ets sacle eee eel dO om 14% 
2 432 307 251; 216) 195] 177) 164] 151]! 143] 138 1% 
2% 792 563 460) 396) 357 | 325) 301 | 277) 261) 254 2 
3 1,350 959 783| 675] 608} 554] 513] 473] 446] 432 2% 
3% 1,980} 1,406} 1,149} 990}; 891] 812] 753] 693] 654] 634 24% 
4 2,880} 2,045} 1,671) 1440 | 1296] 1181 | 1095] 1008} 951] 922 3 
4% 4,140} 2,940} 2,401] 2070 | 1863 | 1697 | 1573 | 1449 | 1366 | 1325 3 
5 5,580| 3,962] 3,237) 2790 | 2511 | 2288 | 2120 | 1953 | 1842 | 1786 3% 
6 9,000} 6,390} 5,220) 4500 | 4050 | 3690 | 3420 | 3150 | 2970 | 2880 314 
vi 13,500} 9,585} 7,830) 6750 | 6075 | 5535 | 5130 | 4725 | 4455 | 4320 4 
8 19,440] 13,803} 11,275| 9720 | 8748 | 7971 | 7387 | 6804 | 6415 | 6221 4 


10. Fire Protection 


Fire protection in a wood-frame mill should include as many of the following 
precautions as necessary: (a) Portable extinguishers, desirable in all mills. (6) 
Automatic water sprinklers, advisable in all wooden mills of large extent. If 
sprinkler lines are liable to freeze, the dry system of control must be installed. 
(c) Fire mains under constant pressure and used for no other purpose, with 
hydrant valves at frequent and convenient intervals, to which hoses and nozzles 
or monitor nozzles are permanently connected; this system is considered ade- 
quate for sma!l mills, and may render the installation of a sprinkler system 
unnecessary. (d) Well organized and regularly trained force of fire fighters, 
without whom the most elaborate system of equipment would be of little value 
in an emergency. (e) Cleanliness in the use of flotation and lubricating oils, 
with special precautions against accumulations of either. Advice on the gen- 
eral problem of fire protection, as well as detailed specifications for the most 
suitable installation in a given mill may be obtained gratis from: National 
Board of Fire Underwriters, New York; State boards of insurance inspectors; 
reputable fire insurance companies, all of whom maintain engineers for this 
express purpose, 

Portable extinguishers have important advantages for protection of 
mills, since during two-thirds of the day the number of men who can be 
instantly summoned is reduced to the minimum required for the supervision 
of operations. In a wooden mill, the points that should receive best protec- 
tion are: vicinity of flotation-oil feeders and storage, boiler rooms, store rooms, 
electric switchboards, and the neighborhood of all equipment requiring copious 


lubrication. 


Soda-acid, 214-gal. extinguisher is satisfactory for small fires in wood, rubbish, etc., not 
impregnated with oils or grease, but should not be used against fire in proximity to high- 
tension electric circuits; it must be protected against freezing. It is made also in 20- 


and 40-gal. sizes mounted on wheels. 
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Anti-freezing. 214-gal. tank contains calcium chloride solution which is discharged by 
pressure generated by an automatically ignited cartridge; this has the same limitations as 
the soda-acid type, but does not require protection against cold. 

Foamite extinguishers in 2 }4-gal. hand tanks and 40-gal. wheel-mounted tanks, contain 
solutions of aluminum sulphate, sodium bicarbonate, and a froth stabilizer (licorice extract). 
On mixing these solutions by inverting the tank, a frothy stream having about eight times 
the original bulk is discharged. The smothering effect is due to tenacious bubbles of 
carbon dioxide aided by films of aluminum hydroxide. It is suitable for ordinary fires, and 
particularly for those involving oils and grease, but is not safe for fires near high-voltage 
electric circuits although the stream of foam, after the momentary discharge of ungasified 
solution, is a poor conductor; foamite does not injure electric insulation. Foamite tanks 
must be protected from freezing. 

Carbon tetrachloride is the only fire-extinguishing medium that can be used with 
safety around high-tension electric circuits. For other fires, including those in oil or grease, 
it is also serviceable, but the small size of the containers adopted by manufacturers (usually 
1 or 1% at.) limits its effectiveness on a fire that has gained much headway, while the neces- 
sity for pumping the container is also a drawback to its efficiency. Larger containers are 
being developed. The tetrachloride supplied by extinguisher manufacturers contains 
ingredients to reduce its freezing point, and no protection against cold has to be given; 
no other than the special tetrachloride should be used. In the vicinity of electrical equip- 
ment or oil supplies, a unit of two tetrachloride extinguishers should be provided for 2500 
sq. ft. of floor, and within 15 ft. of any specially hazardous point. 


Automatic sprinklers, held closed by fusible links, are recognized by insur- 
ance companies as the most efficient form of protection against incipient 
fires. If sprinklers are installed, the standpipe and hose equipment may 
safely be reduced. The following recommendations apply particularly to 
the type of construction commonly found in wood-framed mills (Regulations 
of the National Board of Fire Underwriters governing the installation of auto- 
matic and open sprinkler equipment; New York, 1922): 


(a) The entire mill should be equipped with sprinklers, not merely that portion where 
fire is most likely to begin; any unsprinklered areas must be cut off by fire-proof walls. (6) 
Sprinklers must be in upright position (deflector on top), must have 24 in. of wholly clear 
space below them, and should be 6 to 8 in. below the ceiling or the bottom of joists. (c) One 
sprinkler must be provided for 80 sq. ft. of area, spaced, say, 8 ft. on lines 10 ft. apart, 
the sprinklers being in staggered rows. No sprinklers should come within 12 in. of a post, 
hanger, or other vertical obstruction, nor within 2 ft. of wall or partition. (d) Under 
pitched roof, one line of sprinklers’should be installed under the peak, or two lines each 
not more than 2% ft. from the peak. (e) The maximum number of sprinklers to be 
served by pipes of stated sizes is given in Table 35. Preferably, no branch line should 

carry more than eight 
Table 35. Size of pipe and number of sprinklers sprinklers. (f) Reducers, 
: not bushings, should be 


: : used for connecting pipes 
ami Maximum Boy Maximum of different ee esta 
Pipe, inches number of Pipe, inches number of lings should not be used 
sprinklers sprinklers unless practically un- 

: avoidable. (g) Dry-pipr 

: 34 : “8 ee SYSTEM should be adopt- 

O 4 Fike oe ed only in those parts 
ae 2 un of a mill where water 

; 18 2 500 pipes would be liable to 
ae = freeze; the air capacity 

a} of a dry-pipe system con- 


trolled by a single valve 
‘ : : should not exceed 115,500 
cu. in. (h) The air pressure in a dry system (maintained by compressor) should not be 
more than 15 to 20 Ib. in excess of the normal tripping pressure of the automatic water 
valve; the dry system should not leak more than 10 lb. pressure per week. (For detailed 
specifications, see the cited publication, obtainable on request.) 


_ Water mains exclusively for fire-fighting purposes should be connected 
with tanks of ample size (50,000 gal. at Timsrr Burrr) maintained constantly 
at full capacity; this is conveniently arranged by setting the fire tank first 
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in series with the mill-water tanks and allowing it to overflow into them. 
Fire mains should also be connected with other sources of water supply avail- 
able either instantly or by starting special fire pumps. If connection for this 


_ purpose must be made between the mill system and the domestic supply of 


the community, precautions must be taken to avoid contamination of the 
latter by installing a tight check valve which will not yield until the pressure 


on the mill side is considerably below that on the domestic side (this valve 


must not be forgotten during any readjustments which may affect the pres- 
sure on either side); a safer method is to discharge the domestic water into 
the fire tank from an open pipe. 


A minimum pressure of 75 Ib. per sq. in. should be provided for the highest fire-hose 
connection. Mains and principal hydrants should be situated at least 50 ft. outside the mill; 
near the most hazardous points inside the mill, other connections should be provided for 
lines of 1 14- or 114-in. hose, which is as large as one man can handle at adequate protective 
pressures. Hosr permanently connected to outside hydrants, not over 100 ft. in length 
(but with other 50-ft. lengths at hand), should be of standard 2-or 21%-in. size without 
rubber. The standard Nozzzx for this hose has 1\%-in. orifice (passing 250 gal. per min. 
at 45-lb. nozzle pressure), but with the higher pressures available at a well protected mill, 
orifices of 34- and 1-in. are sufficient. For the smaller hose, the nozzle opening should be 


Y-in. 


Fire-fighting forces are of little use unless well organized and thoroughly 
trained by frequent practice. Every member should be instructed in the 
manner of reporting a fire, use of portable extinguishers, the location of 
hydrants, the fire-piping system and the inter-relation of its valves, the water 
resources at immediate command and methods of adding to them. All of 
this information can be best communicated by printed instructions, as at 
Timper Burre mill (116 J 811), supplemented by regular practice drills 
with teams so organized that a sufficient number of trained men will be on duty 
every shift. Suggestions for organization and training are published by the 
National Board of Fire Underwriters. 

Cleanliness, always desirable on general principles, is particularly neces- 
sary at those parts of a wooden mill subject to spillage of lubricating and 
flotation oils. Journals that require frequent oiling should have drip pans 
or similar devices. Feeders for flotation oils should be similarly equipped. 
In a small mill, where flotation oils are transferred directly from barrels to 
the feeders, the area of floor used for this purpose should be covered with 
sheet iron with raised edges; sand is then spread on the floor, to be shoveled 
out and replaced as often as necessary. 


11. Dust collection 


Dust is likely to be produced in troublesome amounts by almost any 
operation (crushing, screening, elevating, etc.) performed on material carrying 
less than 7 per cent. moisture. If allowed to migrate freely, it is chiefly 
objectionable because of disagreeable or unhealthful working conditions, 
increased abrasion of lubricated bearings, expense for cleaning floors and 
equipment and: possible loss of valuable ore. Motors are the most seriously 
affected; they can be somewhat protected by grouping in an isolated room 
and driving the mill by line shaft, or by interposing an extra long shaft between 
a piece of equipment and its direct-connected motor, which can then be 
situated in an adjoining and dust-proof room, as in the Symons crushing 
department at Aso (114 J 184). The most satisfactory method of control 
is to confine and collect the dust at its sources; the worst dust-producing 
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machines, as a rule, can be enclosed readily with sheet-metal housings con- 
nected with an exhaust system, with or without appliances for recovering 
the dust. 


Where collectors have been installed, as at KaLcooruie, and Warnr (114 J 1070), and 
at Morenci and Nacozart (117 J 165), the value of the dust, which usually assays higher 
than the original ore, has been more than enough to defray the whole expense of its col- 
lection. 

Design of suction system. The following points were established at Morenci in 1917 
(22 CME 207). The hood should be so designed that the sum of its air inlets does not 
exceed the area of its exhaust pipe. The exhaust pipe should be attached at that point 
of the hood towards which the dust is naturally impelled by centrifugal or other forces or 
by air currents. Connections between the hood and the suction pipe should be by bolted 
flanges, to permit quick dismantling; other joints in the suction line should be riveted and 
soldered, with laps in such direction as to cause minimum friction. A velocity of 4000 ft. 
per min. will carry any ordinary dust. A main header should increase progressively in 
area, always being slightly larger than the sum of its branches. The system as a whole 
should be designed to maintain the desired velocities in mains and branches without recourse 
to valves and dampers for regulation. For straight pipe, 16- or 20-gage galvanized steel 
is best; on curves, 16-gage. Radius of bends (measured from the center line) should not 
be less than 1 14 times the diameter of the pipe, but there is no advantage in a radius greater 
than twice the diameter. Unless the headers are equipped with hopper pockets and gates 
at short intervals, they, as well as all other pipes, should have an inclination of 30° or more 
(preferably 45°) to allow dust to be withdrawn on stopping operations. The simplest 
mechanism for recovering dust is a dry cyclone separator; this will catch 75 to 80 per cent. 
of any ordinary dust. Of the remaining finest particles, 98 per cent. can be caught in a 
cloth-walled chamber, bag house, or wet centrifugal collector; the expense of a Cottrell 
precipitator will not usually be justified for this purpose. 

At a dry-crushing mill at Kalgoorlie (414 J 1070) one 36-in. Sturtevant suction fan, 
at 1000 r.p.m., drawing 5000 cu. ft. of air per min., collects dust from six large crushers of 
Griffin, Krupp, or Symons type. Branch pipes are 9-in. diameter; main header, 18-in., 
equipped with V-traps and vertical risers for collection of the coarser particles. The dust 
assays higher than the original ore. It is caught in a cyclone collector followed, by a cham- 
ber having double walls of fine burlap, with rapping devices, and hoppered bottom with 
serew conveyor. The original installation at Arizona Copper Co., Morenci, in 1917 
(22 CME 207), when crushing 250 tons per hr. to 34-in., the ore averaging 3.85 per cent. 
moisture, required seven hoods to cover one gyratory and grizzly, two horizontal disk 
crushers, and two pairs of rolls. The suction pipes were 8-in. diameter, except that from 
the gyratory hood, which was 10-in. The wet collector was a cylindrical tank of 346-in. 
steel, 10.5 ft. diaineter by 15.5 ft. tall, with tangential inlet near the top. The exhaust, 
through the top, came from inside a cylindrical shroud, 7 ft. diameter, extending down to 
within 6 ft. of the bottom of the tank. Water sprays impinged against this shroud, inside 
and out, and muddy water collected in a concrete basin on which the tank rested, flowing 
out through a water-sealed trap to flotation. The suction fan, following the wet collector, 
was a Sturtevant No. 70, exhausting 11,100 cu. ft. per min. at 577 r.p.m., and 3.5-oz. neg- 
ative pressure; motor input, 23 hp. The dust collected was 0.0367 per cent. of the weight 
of ore crushed, assayed 2.34 per cent. Cu, and consumed 6552 gal. of water per ton, which 
was probably more than actually necessary. <A later installation by Parteps Dope Co. 
(117 J 165) has two similar units each comprising a motor-driven Sturtevant fan No. 80, 
dry collector and wet collector. On fairly dry freshly-mined ore, the system collected 
8 to 10 tons of dust per shift (80 per cent. from the dry collector), of which 1 per cent. was 
coarser than 65-mesh and 93 per cent. finer than 200-mesh; its assay was about double 
that of the original ore. Hach wet collector used 10 gal. of water per min. When working 
on oxidized ore from the stockpile, about twice as much dust, of the same fineness, was 
collected, its assay being the same as that of the ore. At Nacozanrt, a similar but smaller 
installation collects three tons of dust per shift, produced entirely by coarse crushing, and 
assaying twice as much copper as the original ore. At a rock crushing plant at Corona, 
Cal. (116 J 889), trommels are enclosed in jackets connected by suction pipes to two Sly 
type-A units, each having 3000 sq. ft. of filter cloth and passing 10,000 cu. ft. of air per 
min. They collect 1.5 tons of dust per hr., coarse particles having been settled previously 
in a baffled chamber. Suction is stopped for 10 minutes every 4 hours to rap the filters. 
At Unirep Verve crushing plant, Clarkdale, Ariz, (117 J 396), dust is withdrawn from 
groups of four jaw crushers, four vibrating screens, four disk crushers, and four rolls, by 
a separate duct from each group. The ducts have cleaning pockets and gates every 15 ft. 
Fine dust is caught by plate-and-wire Cottrell precipitators, collected in hoppers and dis- 
charged into cars delivering to roasters. A negative pressure of 6-in. water-gage is produced 
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by two 45,000-cu. ft. fans, each direct-connected to a 125-hp. motor. At Aso leaching 
plant (114 J 184), disk crushers stand above a tunnel containing a belt conveyor on which 
the crushers discharge; when operating, the ends of the tunnel are closed by doors, and 
air is exhausted by a suction fan delivering to a group of cyclone separators. 


12. Shops, repairs, supplies, etc. 


Character of shop work. At an operating mill, shop work is confined 
almost exclusively to repairs; while a mill is under erection, however, the shops 
are a most valuable adjunct, and may well be the first buildings set up. A 
long, simple structure can be partitioned off, the most convenient arrangement 
being, starting at one end: office, warehouse, machine shop, carpenter shop. 
Blacksmith work can usually be done most conveniently at the mine shop. 
The scope of work to be arranged for depends on the size and elaborateness 
of the mill, and its situation with respect to other established shops capable 
of doing at least some of the required work. The foundries and machine 
shops of an enterprise like Ura Copper Co., for example, providing for the 
operation of mines, railroad, and two large mills, compare favorably as to 
size, arrangement, and completeness with the best industrial machine works. 
A small mill in an outlying district would be justified in the installation of 
fairly complete shop machinery, even if not all continuously occupied, so 
as to save time in repairs and avoid some duplication of expensive mill equip- 
ment to guard against delays. Some means of transferring parts of heavy 
mill equipment into the shop without excessive effort must be provided by 
car tracks, crane, or both. 

List of equipment for a MACHINE sHop for a small mill: Hand punch and shear; lathe, 
18-in. swing, 8- to 10-ft. bed; pipe-threading machine, 114 to 4 in.; oxy-acetylene torch 
outfit complete; bolt- and pipe-threading machine for 144- to 114-in. bolts and %%- to 1-in. 
pipe; electric- or air-driven hand drill; portable forge, anvil and blacksmith tools; radial 
drill press, 48-in.; power hack saw. The usual assortment of hand tools, vises, benches, 
ete. The CARPENTER sHOP, besides benches and hand tools, should have a saw bench with 
16-in. circular saws and a buzz planer. 

At one large mill in the Southwest, the following machine tools, all with individual 
motors, are installed: 27-in. X 28-ft. lathe, 14-in. & 12-ft. lathe, 6-ft. radial drill, 16-in. 
spindle drill, 28-in. swing drill, 100-in. boring mill, 42-in. & 12-ft. planer, 24-in. shaper, 
No. 2 and No. 6 pipe machines, friction saw, punch and shears, blacksmith forges, welding 
equipment. One five-ton crane serves these machine tools. A five-ton crane and a sixty- 
ton crane with a ten-ton auxiliary are installed over the secondary ball mills to carry loads 
from the mill to the machine shops which are nearby. 


Repairs, in most case, must be made without moving the machine from 
its place; small repairs can be made by the mill crew, who should be provided 
with benches and hand tools at convenient places in the mill. Worn parts 
of crushing machines can usually be repaired more conveniently in the shop, 
where screw-jacks, hydraulic presses, etc., are available. With such machines, 
the best practice is to keep one or more spare parts on hand, assembled and 
ready to install; this applies particularly to gyratory spindle and crushing 
head, rolls, cylinder-mill scoops, and entire mills. 

Cranes or crawls are essential in every part of a mill containing equip- 
ment too heavy to be lifted by rope or chain tackle and temporary staging; 
they also avoid the trouble and delay in erecting the latter, even where they 
might be strong enough. The usefulness of a crane begins while a mill is 
under construction, and it should be installed as soon as the columns and 
beams are in place. Care should be taken to insure that the crane is able to 
reach every unit of equipment it can advantageously serve, including motors, 
cylinder-mill scoops, classifiers, heads of elevators, pumps, etc., in addition to 
the heavier crushing equipment. A crane should also be able to travel either 
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into the repair shop or far enough to deliver its load to a car or another crane 
serving the shop; if possible, the cranes in those parts of a mill having the 
heaviest equipment should reach also the railroad or supply yard. 


At the Unrrep Comstock (114 J 846, 117 J 516) the coarse-crushing department, con- 
taining No. 714 gyratories, 72-in. rolls, and 200-hp. motors, has a 20-ton crane reaching 
the railroad and the working space between the shops; the fine-crushing section, with 7 x 6- 
ft. ball mills and 150-hp. motors, also has a 20-ton crane traveling over the supply yard 
and into the shops; the cyanide department, with basket filters aggregating 74,400 sq. ft. 
of filtering surface, contains two 40-ton traveling cranes. The Copprr Queen mill at 
Bisbee has an unusually complete equipment of electric cranes, as shown in Table 36. 


Table 36. Cranes in Copper Queen mill 


Ss 


Span of Lifting 
Serving craneway, capacity, 
feet tons 
1 jaw crusher, 66X 84-in.; 250-hp. motor...............-. 75 50 
2 gyratories, Gates No. 9; 2 motors, 125-hp............5. 39 20 
4 Symon’s disks, 48-in.; grizzlies, etc... ........0 0c eee ee ee 38 20 
8, Mareyarod anillg.:6 YOK 12fitscaie S cies ficial eomie nuatene tog den tebe ‘nates 30 60 
| (2 hoists) 
40 Deister tables, Dorr classifier, etc.......... 0.00000 ee eeee 28.5 5 
8 Marcy rod mills, 614x 12-ft., classifiers, etce..........-... 30 60 
(2 hoists) 
Callow flotation cells; 1256 sq. ft of bottom............. 37 5 
SN LIOIIECE. GALES. COR recor se cooie. old Shakar onehe Ipttiio bite lB) SIG MiSbRe es te wes 37 5 


Hand-operated chain blocks are available with lifting capacities up to 20 
tons and reaches up to 18 ft.; small, self-contained electric hoists, for sus- 
pending from girders, have capacities up to 10 tons with a lift of 10 ft. The 
simplest crawl consists of a 4-wheel trolley truck running on the lower flange 
of an J-beam; trolleys for loads up to 10 tons are on the market. 

Warehouse and supply department is essential to efficient operation; 
under competent administration it reduces waste, facilitates cost account- 
ing, and avoids loss of operating time resulting from lack of necessary mater- 
ials. The warehouse should adjoin the railroad and be as close as practicable 
to the mill and shops. Materials regularly consumed, such as balls and peb- 
bles, flotation oils and reagents, should be stored as near as practicable to the 
places where they are used, though still under the jurisdiction of the store- 
keeper; other supplies, used intermittently, should be kept in the storehouse 
and issued only on requisition. Paints, lubricating oils, and similar highly 
inflammable materials should have a separate fire-proof storage. Lumber 
should be protected from weather. 


13. Methods of practical design 


Preliminary layout. A rLow-sHEnr is the first requisite. This must 
have been exhaustively studied and thoroughly and finally decided upon in 
respect to every important detail, including: number, types, sizes and capac- 
ities of individual machines; their relative positions with respect to one 
another; quantities of ore and of water in transit at every point throughout 
the mill; power required by every machine; number, sizes and types of all 
motors and the speed reducers connected with each. The design of the flow- 
sheet will be based on the results of laboratory or pilot-mill experiments, 
interpreted in the light of experience, and will be guided by the available 
supply of water, sources of power, type of mill structure applicable to the site, 
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and other practical considerations. A TOPOGRAPHIC Map of the site is required, 
not only to select the general type of structure, but to determine the amount 
and character of the required excavations and the placing of walls, founda- 
tions, et¢., so as to reduce the amount of this work, after the manner of a rail- 
road location. The map, which will usually have been made early in the 
investigation, should cover a sufficient area to allow a choice among equally 
accessible sites and permit the final and precise selection to be deferred until 
the more important structural features have been determined. PRELIMINARY 
SKETCHES in three projections, not necessarily to scale, are a valuable means 
of crystallizing ideas, gaining a sense of proportion, and transmitting sugges- 
tions for execution of the next step. PRELIMINARY SCALE DRAWINGS should 
be confined to outlines, preferably on a scale of 4% in. to the foot; adoption 
of this small scale protects the draftsman from the constant temptation to 
go too far into detail, thereby obscuring general features. The three pro- 
jections of these drawings should appear on a single sheet, so as to give better 
idea of space proportions. On these drawings, the draftsman should prepare 
and make constant use of templates representing the outlines of individual 
machines or groups of closely related machines, such as rolls, elevator and 
trommel; ball-miil, motor and classifier; these templates (used under trans- 
parent paper) not only save much time during the initial period when erasures 
are likely to be frequent, but are of great assistance in fixing the mest advan- 
tageous position of the equipment. PRELIMINARY ESTIMATES of structural 
elements can be made from these small-scale drawings. These estimates, 
as well as those that follow, and all calculations on which they are based, 
should be preserved in bound notebooks (conveniently 8 xX 10 in. or 
larger). 

Detailed general drawings, in three projections on a scale of 4% to V4 in. 
to the foot, depending on overall dimensions, must be complete as to every 
item, and show as much detail as possible at that scale. Nothing having 
any bearing on the erection of the building and installation of machines should 
be omitted; the more complete these drawings, the quicker the construction 
can be finished and the less the chance for overlooking essential features. 
Among the items that must be plainly shown on the general drawings are: 
foundations and floors, frame, walls and roof, windows, cranes and crawls, 
all machinery, motors and drives, shafting, clutches and pulleys, launders 
and pipe lines. A small mill should be drawn in entirety, a separate sheet for 
plan, front elevation, and end elevation or sections; for a larger mill, a typical 
unit will suffice at this larger scale, if accompanied by a complete assembly 
at a smaller scale. 

Construction details. The amount of large-scale drafting of structural 
details depends upon the size of mill and type of construction. The following 
detailed drawings should be supplied for all mills: (a) Excavations: volume 
and character. (b) Founpatrons: footings, dimensions and batters, copings, 
reinforcements, drains or ‘‘weep”’ holes, elevations of the top of each wall, 
pier or foundation above the datum plane, and the position of anchor bolts. 
(c) MECHANICAL EQUIPMENT: where machines of standard types and sizes 
are adopted, dimensions and foundation plans of which are supplied by man- 
ufacturers, the drawings to be made for construction purposes will relate 
mainly to their support and the facilities for conveying ore to and from them; 
for the installation of the large variety of other equipment, such as trommels, 
elevators, conveyors, feeders, distributors, samplers, and all other devices 
that must be adapted in size and arrangement to suit the particular mill, com- 
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pletely detailed drawings should be prepared, including their connecting ele- 
ments. (d) Saarrine and all its appurtenances, including hangers or pillow 
blocks, journal boxes, clutches, pulleys, collars, and couplings; descriptions 
of all these elements should appear as completely as possible on the drawings, 
so that the accompanying written specifications need be little more than a 
reference list. (ec) Prerna system as a whole can be shown most easily and 
clearly by an isometric projection (see Fig. 11), on which the dimensions of 
all main and branch lines, valves and fittings can be indicated; for minor 
details of particular connec- 

NY tions, a sketch on larger scale 

* should be appended as an 

insert on the main drawing. 
(f) LAUNDER SYSTEM must be 
worked out in all its details 
and subjected to careful scru- 
tiny as to the ability of each 
member to carry the desired 
volume of its given pulp; this 
is a particularly important 
feature of design, and should 
not be left to the discretion 
of the millwright, since a 
launder once installed at too 
low a slope is difficult to re- 
construct. (g) WIRING DIA- 
GRAM, conveniently indicated 
by colored lines on a copy of 


b ciate aetahactahacistabedayy a AN aha 2 ‘ 
« a 4 Ua ela ae the general drawings, should 


os Bscreenng’ 
a 


) 
8!0°Callow tanks Sy wy A 


* 6 Wilfley tables 
SESE Saas 


\ 


{IT Flange ap! state the sizes of conductors, 
et Doe character of insulation, posi- 
il ‘ tion of switches, fuses, lights, 

E NNSA 2070840" etc. 

/ WE Doprtaate Steelstiuctures. Itisrarely 
i [xe necessary for the mill de- 
i } signer to prepare detailed 
( ! structural drawings for steel 
1 work. If the plant can be pro- 
x 16:0" 610" tected by one or a group of 

SN 7 Dorrtanks simple rectangular buildings, 

Fia. 11.—Typical arrangement for lay-out of these can be purchased ready- 
ait eeerieO nes made from a number of fabri- 


cators. Fora larger and more 
complicated structure, the usual procedure is to prepare several sets of 
general plans, accompanied by a statement of the roof load, floor load, 
crane capacities, character of wall material, etc., and submit these to steel- 
work fabricators, who thereupon assume responsibility for detailed working 
drawings. Bids from these fabricators are scrutinized and compared, and the 
low bids carefully checked before awarding contracts. 

Wooden structures. If, time permits, it is helpful to provide the mill- 
wright with a separate set of drawings of the structure dissociated from the 
mechanical equipment; this is easily done by tracing from the general detailed 
plans, If time is short, a set of the general plans can be amended by addition 
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Distributed costs of representative mills 


Table 38. 


DESIGN OF ORE-TREATMENT PLANTS 
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f Structural steel all second-hand. 


not distributable among the three principal headings. 


etc., 
d Original mill, 1914. 


supervision, 


c Included under building. 


such as freight, engineering fees, 


a Total includes miscellaneous items, st ; 
b Building for twice the capacity of machinery installed. 


Sec. 23. 


of dimensions and such details as are 
not shown with sufficient clearness 
for the wmillwright’s use, notably 
trusses and bins. 


14. Methods of cost estimating 


A preliminary, approximate idea 
of the ultimate cost of a complete 
mill of given type may be gained 
from the following factors represent- 
ing in round numbers the range in 
total cost of erection and installation 
per ton-day (24-hr.) capacity: 


Jig-table mill, Tri-State 
district (1923), buy- 


ing electric power... . $105 
Coarse concentration, 

no flotation. = a): $300-— 450 
Jigs and/or tables, and 

flotationen sos ache 800-1200 
Fine crushing, ail flota- 

UL 0) Demers jehOhcreneat trac vv 600- 800 
Fine crushing and cyan- 

idatiOn .Fseaee ee ys 1000-1400 
Stamps, amalgamation, 

and vanners........ 475-— 550 


Tri-State mills do not contain fine- 
crushing machinery; tables (though com- 
mon) are not universal; flotation has not 
been generally adopted, owing to the 
comparatively small proportion of the 
original feed that is reduced to suitable 
size; and the usual life of a mill demands 
cheapness and simplicity of construction. 


Table 37 gives examples of mills 
representing the above types. 

Erection and installation. When 
the prices of all essential machin- 
ery have been ascertained, the prob- 
able cost of the completed mill can 
be approximated by the empirical 
rule that for each $1 in machinery, 
f.o.b. factory, the cost of erecting 
the building and installing the equip- 
ment will range, under average 
conditions, from $0.75 to $1 per 
dollar of machinery cost, running 
up to $1.25 in exceptional circum- 
stances, such as_ expensive building 
materials, inefficient labor, delays, 
ete. 
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Table 39. Volume costs of mill buildings 
: Enclosed Cost of 
Mill Type of Seam volume of | building, per 
construction ea g building, cubic foot, 
y cubic feet eents 
Alamo. Sandon, C... <2.) Woodetrame..grel aa... en ss os 461,000 3.458* 
AMADOU aOR es ee Steele. cece $102,392a 716,604 14.3 
Agrastead 2.7 200% 220. U0! Wood frame..... 27,866 373,000 7.5 
Burro Mountain, 1914-16: 
Crusher building ,,...... Sbeelianpaet. tock: 35,097 357,424 9.8 
Mill & sampling plant....} Steel........... 109,319 1,200,000 9.1 
Machine shop........... Steeles a0) Fo} 10,268 108,760 9.4 
Carboni Mii. iste. > it.2x] Wooded. 44.2! 9,641 190,476 5.0 
Imlay, Imlay, Nev......... Woodiframe: sale: atboniery 88,740 3.328* 
IME teria a Ste eo cack Wood frame..... 35,7564 293,738 1220 
National -Gopperi@o:..5. ...|. Wood frames. clas > sar cece 738,458 2.917* 
Utah Consolidated......... Wood frame 4.).)0051 22. DO). 959,880 5.87% 
Watters, Sheridan, Mont...] Wood frame.....|............ 273,831 1.809* 
Winnémuccainni.ca es ve sac. Steel (mostly 
second-hand).. 11,756 123,160 9.5 


6 Includes expensive excavations and founda- 
* Labor only. 


a Includes installation of equipment. 
tions, amounting to 40 per cent. of the total cost. 


Table 40, Erection-cost factors 
Labor costs 
Total 
Mill, year Type pet Frame only, Complete 
. per 1000 uilding, 
beard feet bd, ft. per 1000 
bd. ft. 
Magma, Superior, Ariz., 1914} Wood frame, iron 
roof and sides. 228,000 $14.93 $20.60 
National, Mullan, Ida., 1915] Wood frame, 
boards and iron 
roof and sides. 443 OO0SS\c. ccetiobeice ee 23.79 
Watters, Sheridan, Mont., 
AYE ies Bee elicsicney Oa Eee re CeEae Wood frame, 
roof and sides. 155,000 17.17 19.00 
Imlay, Imlay, Nev., 1909...| Wood frame, 
roof and sides. SHOT V9 ORE ee Peet roo 25.12 
Utah-Apex, Bingham, Utah, 

ROO ae rien ee een ae Wood frame..... 108,000 a 15.01 
Alamo, Sandon, B. C., 1918.| Wood frame..... B54 WOOLSNLE .SEAMITED. 33.30 
Utah Consolidated, Tooele, 

Militant el OA Di ees excuse eg voxs Wood frame..... POSSE Da Se Sa ean 37.51 
Armstead, Talache, Idaho, 

HOOT Dime cterstsiotts sisletels. ° « Wood frame..... SP VO? fies Sues 29.65 

Steel, pounds Per pound 
Annapolis, Mo., 1922...... Steeliaeclacte se eh e 320,000 6.47¢ erected and with 
two coats of paint 


ee es ee LT 


a Remodeling and enlarging old mill. 
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In one case of an elaborate and complicated ore-dressing and metallurgical plant, requir- 
ing unusual provisions for storage and widely extended steel structures, designed for a mine 
in Utah, the carefully estimated cost of erection and installation was $1.04 for $1 worth 
of machinery, at factories. 


Table 38 gives the relation between the total cost of a few representative 
mills and the cost of their machinery. 

Cost-volume ratios. Under average conditions in United States mining 
districts, the cost for labor and materials of buildings alone will approximate, 
per cubic foot of enclosed space: Wooden buildings, 3 to 6¢; steel buildings, 
7 to 10¢. Table 39 gives examples. 

Erection, labor-cost factors. Based on the QUANTITY OF PRINCIPAL 
STRUCTURAL MATERIAL required, the cost of erection can be estimated roughly 
as follows: Wooden structure, $30 to $40 per M bd. ft.; steel structure, 
0.75 to 1.5¢ per Ib. See Table 40. 

Based on TONS OF EQUIPMENT INSTALLED, Table 41 gives the labor cost 
alone, covering the erection of building and installation of machinery, at 
representative mills. 


Table 41. Labor costs per ton of machinery installed , 


Labor costs per ton 


Wine of machinery Wages 
chinery 
Mill, year alle Com- Tastall- ! 
a plete ing Me- 
eg mill ma- BE chanics Labor 
building|chinery 

Alamo, Sandon, B. C., 1918.......... 161 |$99.30 |$62.10 |$161.40| $6.75 | $5.00 
Armstead, Talache, Idaho, 1921...... 160 40.08. Sd. COM L2e F800 1c 3.75 
Magma, Superior, Ariz., 1914........ 140 85.60 | 49.00 | 134.60) 4.50 3.00 
National, Mullan, Idaho, 1914....... 265 86.03 | 44.27 | 130.30} 4.75 3.50 
New Haven, Bingham, Utah, 1909.... 66 25.53 | 538.47 79.00} 5.00 3.00 
Imlay, Imlay, Nev., 1909............ 48 62.38 | 35.70 98.68} 5.00 3.50 
Utah Apex, Bingham, Utah, 1909...... 74 24.60 | 50.65 toyeo|. 2&.00 3.00 
Utah Consolidated, Toole, Utah, 1921-2} 786 69.30 | 49.50 | 118.80] ‘6.50 4.75 
Watters, Sheridan, Mont., 1912...... 81 37.99 | 40.36 98.35} 5.00 3.50 


The labor cost for ERECTION OF INDIVIDUAL MACHINES of stated types and 
sizes is given in Table 42, together with weights and approximate factory 
prices (1924). Erection costs, of course, will vary with local conditions and 
wages; hence it should be understood that the figures in Table 42 are intended 
only for approximate, preliminary estimates. 
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Table 42. 


Factory 


weight, Factory 
pounds price 
Crushers, Blake jaw: 
OG OR Ne he ches ad 12,000 $1,100 
2O SMO ne otek CR Gh ood 15,000 1,400 
7 OS VS lege ee ee 25,000 2,200 
COSG1LS-In.2 pate 45,000 3,900 
SONG LZAT iat we een «sd 86,000 8,300 
BO CEO eee ck nen’ 135,000 11,200 
Crushers, gyratory (primary): 
5X 18-in. opening (a)... 5,800 1,060 
6X 21-in. opening........| 8,350 1,215 
7X 22-in. opening........ 14,500 1,750 
8X 30-in. opening........ 21,800 2,210 
10X 38-in. opening........ 32,300 3,040 
12x 44-in. opening........ 47,100 4,120 
14 52-in. opening........ 68,100 5,900 
18X 68-in. opening........| 101,200 8,375 
21 76-in. opening........| 156,000 11,600 
Crushers, gyratory (Bull-dog 
type): 
14 52-in. opening (a)..... 60,000 5,550 
18x 68-in. opening........ 84,500 8,200 
21X 76-in. opening........| 135,000 11,000 
Rolls (belt-driven) : 
YS IC Srey hohe RRO RANE 14,000 $1,850 
BOS Asin ese a ayes 3 18,300 2,500 
3G) xe Gallien eee cides be on. 24,500 3,100 
DIS GES OG Pay the ee ee 39,000 4,500 
BAGO OSLER terrae EN «3.5 102,700 9,600 
GOSPE Sth, meaera ote eae eens 112,000 10,700 
HORSE PCS OS ONTO Te, Tee 186,000 16,750 
Grinders, grate ball-mills: 
BO S-fb5.0 . EE ee 10,700 2,000 
BOGAN G spe oy Mocvucde Ont HSE 25,500 3,940 
Sez Ere een iat ot ae st ages 31,000 4,800 
Der awl Gocas sirens Mave ors Bats 44,000 5,900 
TOTS R aN FROEL OR ROR EEN 66,000 8,350 
SAGal Gace es noone epee a 95,000 11,500 
Grinders, rod-mills: 
PIS AES tie RO aR eRe TORS 8,000 1,600 
Bins, Orble rae to en ieee es 23,000 4,550 
Ce Bebe oes serine, 5.0) ear 25,000 4,775 
Ae. Sy te soe ae tet ae 44,000 6,600 
XH Qetiiee nm potas cana ucdavotntetees 46,500 6,850 
ESS ONS ie Re Nee Uae 88,000 12,500 
COSC Ti iter roe ore orca 110,000 19,000 
Grinders, ball-pebble mills: 
Ol O=L ER aia ates on els 34,800 $5,160 
BOUL UA: Meter cece tose poke 37,800 5,280 
GS PE ihe a. Bepucktho cacracieay Care 43,200 6,540 
EXEL Safire erate eres: Ror onor 110,000 9,300 
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Weights, approximate (1924) prices, and labor cost for erecting 
the principal items of mill equipment 


Labor 
cost of 
erection 


$100 
123 
206 
387 
680 
1172 


56 
85 
135 
212 
288 
396 
603 
900 
1450 


603 
850 
1400 


$60 
145 
280 
346 
927 
1350 
1990 


60 
130 
225 
375 
660 
835 


55 
185 
220 
375 
430 
800 

1120 


$305 
330 
380 
970 


Remarks 


All chilled-iron fitted. 


If manganese-steel fit- 
ted, add 10 per cent. 
to prices up to and in- 
cluding 14 52-in.; on 
larger sizes, add 15 
per cent. 

(a) Two-armed spider. 


Same as preceding. 
(a) Two-armed spider. 


If manganese-steel fit- 
ted, add 10 per cent. 
to prices up to and in- 
cluding 14 52-in.; on 
larger sizes, add 15 
per cent. 


Fitted with Wuest gears, 
hard-iron liners, but 
no motor or ball 
charge. Weight of 
charge is approximate- 
ly 25 to 30 per cent. 
of the weight of mill 
and liners. 


Fitted with Wuest gears, 
hard-iron liners, but 
no motor or ball 
charge. Weight of 
charge is approximate- 
ly 25 to 30 per cent. 
of the weight of mill 
and liners. 
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Table 42. Weights, approximate (1924) prices, and labor cost for erecting 
the principal items of mill equipment—Continued 


Grinders, conical ball mills: 


4-62-16: 16=it. eset... 
G=t6s OZ 2 csc sce 
Matta GEL Soy aciee sta cuer 
Satta SK 22a eo csavcrobyanes 
Saft MASAI. Kn wae wlevctec 


Grinders, conical pebble mills: 
6-ft.> 22-in..... sa Sa Asp 
Sft. CSSA. voces Slee sz 
ETE GE SoLE Sela cease ate em, 9 


Screens, revolving stone: 
BUSING Ont bse aye eines s4eie 23 
AO GORE tauartat « bpd0 (sane s 
2 NEST Yl IE Ss 
48-in: Xa G6-fbs2.eadsta ack «3 
COA NO c aa aes s.- 


Screens, traveling-belt (Cal- 
low duplex): 
Barna 5=ftiewe 
Screens, vibrating (Hum-imer): 
3x 5-ft., type 37 (open)... 
Motor-driven generator... 


Screens, impact (Colorado 
Tron Works Co.): 


SGGrlb. 5 her apeicm, eooveralers haters 
SOX Pi aaiea vos oats. chee tci+0 
Bar QO-h heen Hest... | 
48% 108Ainiwsivivec oc... 


Jigs, Harz type, single: 


Compart- Sizes, inches 
ments 
2 18x 36 
2 24x 36 
3 18x 36 
3 24x 36 
4 18x 36 
4 24x 36 


Jigs, Hancock: 
3.54.5 25-ft. tank..... 


Jigs, Cooley: 


Compart- Size, inches 
ments 
6 48X 36 
4 42X 36 
5 42x 36 


Factory 
weight, 
pounds 


11,400 
22,100 
28,000 
38,000 
50,000 


17,500 
32,000 
37,000 


5,900 
8,500 
13,800 
15,800 
31,900 


3,600 


1,270 
600 


1,300 
1,450 


2,000 
2,400 
3,300 
4,000 


3,000 
3,450 
4,000 
4,800 
5,000 
6,150 


19,000 


Labor 
Factory cost of Remarks 
price i 
erection 
$3,200 $116 
6,200 208 
8,300 235 
10,500 300 
12,500 375 
4,500 200 
6,000 350 
6,200 400 
850 45 All iron and wood work; 
995 70 no screen covering. 
1,370 150 
1,550 190 
2,585 390 
600 65 With screen cloth. 
530 75 Without screen cloth. 
550 
350 60 Without screen cloth. 
475 75 
378 75 All iron work; no 
420 85 screen covering of 
565 115 housing. 
620 145 
575 75 All wood and iron work 
650 90 complete. 
800 115 
900 140 
1,025 150 
1,150 180 
4,000 540 As above: 
1,160 500 As above. 
1175 500 
905 400 
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Table 42. Weights, approximate (1924) prices, and labor cost for erecting 
the principal items of mill equipment—Continued 


Tables, Wilfley type: 
ING Grete mene er nen, eee sias 


UPADS C8 WARE space tele acid aeae 
ZADLO PS <A eR cee 


Classifiers, Dorr, Duplex, type 
D: 
4-ft. 6-in. x 14-ft. 8-in...... 
5-ft. 6-in. x 14-ft. 8-in..,... 
6-16. < 18-ft. 4am. 3. 5. 
8-ft. 18-ft. d-in.. se... 


Classifiers, Akins, heavy-duty, 
submerged: 


3.5-ft.. 


Classifiers, Richards hindered- 
settling: 
S-BDIZ Ober fete se etgars + 


Filters, vacuum-drum type: 
5-ft. 4-in. x 6-ft. 
= 108 sq. ft. area...... 
8-ft. x 8-ft. 
= 200 sq: ft: area....... 
12-ft. x 12-ft. 
= 432\sqe it. area. ..- ~~ 


Filters, vacuum-disk type: 

2 @ 6-ft. disks 

= 100 sq: it. area...-.. 
4 @ 6-ft. disks 

= 200:sq. ft. area...... 
4 @ 8.5-ft. disks 

= 400:sq. ft. area.....- 
6 @ 8.5-ft. disks 

= 600:sq. ft. area....-- 


Factory 
weight, 
pounds 


3,100 
1,850 


650 


25,000 
52,000 
166,000 
185,000 
85,000 


4,500 
5,800 
12,500 
13,900 


8,000 
14,400 
17,500 
34,000 
44,000 


675 
825 
1,050 
1,606 


700 


8,000 
12,500 


26,000 


6,300 
8,100 
14,600 


19,000 


Factory 
price 


$500 
450 


125 


2,500 
5,800 
8,500 
19,000 
17,000 


1,440 
1,610 
2,930 
3,710 


1,800 
2,850 
3,500 
4,700 
5,800 


400 
450 
550 
700 


428 


2,475 
3,590 


5,600 


2,100 
3,000 
4,800 


6,000 


Labor 
cost of 
erection 


$45 


20 


300 
500 
1300 
1500 
2500 


56 
70 
160 
175 


50 


150 


15 


Remarks 


Complete, without chan- 
nel-iron base. 


Wood tank and _ steel 
superstructure. 

As above. 

As above. 

Tron work only * 


With steel tanks. 


With steel tanks and lift- 
ing device. 


Iron and woodwork com- 
plete. 


Not including vacuum 
pump, receiver, ete. 


As above. 


* Concrete tank, including excavations and all other items = $31,000. 
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DESIGN OF ORE-TREATMENT PLANTS 


Weights, approximate (1924) prices, and labor cost for erecting 


the principal items of mil! equipment—Continued 


Filters, pressure, plate-and- 

frame: 
30 @ 18~X 18-in. sections 

= 117 isq. ft. area.:2... 
30 @ 24 24-in. sections 

= 212 sq. fb. avéa@....... 
36 @ 30X 30-in. sections 

= A00isq), 06, AREAS. ..e.i « 
60 @ 36x 36-in. sections 

= 977 sq: ftrarea....... 


Flotation machines, Minerals 
Separation Co.: 

24-in. @ 16-cell, standard. . 

24-in. @ 16-cell, sub-aeration. 


Flotation machines, Callow 
pneumatic: 

3 comp., double, 3X 3-ft. 

ELEN RA en eas nee eee 

6 comp., double, 3X 3-ft 

CEERISE 5 eee eee 

9 comp., double, 3X 3-ft 

MUNG SOT LON BAL EEO 

12 comp., double, 3X 3-ft 

EIT Gy. days ies als 1 eres 


Feeders, steel-apron type: 
18-in. X 3-ft. 2-in. long..... 
30-in. X 4-ft. 2-in. long..... 
48-in. X 5-ft. 2-in. long..... 


Feeders, armored-belt: 
ME Sea ENC See ota ore ace a: shoe 
QAI OC MORB Gs he ays, os5 005 G Ss 
SOS UO=EG odes. ses 
Pumps, centrifugal, water 
(Gould): 
2-in.= 120 gal. per min. 
(single suction)......... 
3-in.= 265 gal. per min. 
(single suction). . ne 
4-in.= 470 gal. per 1 min. 
(single suction). . me 
6-in. = 1000 gal. per} min. 
(single suction)... ne 
8-in.= 2000 gal. port min. 
(single suction).. 


Pumps, triplex, plunger: 
6.5X 8-in. 
=241 gal. permin.): |... 
7.5X 8-in. 
= 321 gal. per min...... 
9.5 8-in. 


=501 gal; per min. .... 


13 X 8-in. 
=975 gal. per min...... 


Factory 
weight, 
pounds 


3,900 
5,800 
12,300 


26,415 


45,500 
32,500 


4,050 
7,800 
10,700 
13,700 
2,000 


2,550 
3,200 


1,235 
1,870 
2,460 


1,000 


3,700 
4,600 
5,800 


10,900 


Factory 
price 


Labor 
cost of 
erection 


Remarks 


Sec. 28. 


600 Without motor. 
450 Without motor. 


60 Without blower, motor 


or blower piping. 


15 Complete with driving 


30 mechanism. 


30 As above. 


7.50 


12.50] Single-stage. 


50 Good for 100-ft. lift. 
65 Good for 100-it. lift. 


85 Good for 75-ft. lift. 


140 Good for 75-ft. lift. 
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Weights, approximate (1924) prices, and labor cost for erecting 
the principal items of mill equipment—Continued 


Factory Labor 
weight, aed cost of Remarks 
pounds erection 
Pumps, centrifugal, sand 
(Wilfley) : 
2-in.= 175 gal. per min.. . 660 $300 $10 
3-in.= 300 gal. per min... 900 400 15 
4-in.= 500 gal. per min... 1,650 550 20 
6-in.= 950 gal. per min... 2,550 750 30 
8-in. = 2000 gal. per min.. . 4,200 1,200 45 
Compressors and vacuum 
pumps: 
7.5X 6-in. 
= 106 cu. ft. per min... 1,400 434 15 
11 12-in. 
= 350 cu. ft. per min... 5,400 957 55 Feather valve, belt 
15x 14-in. driven. 
= 695 cu. ft. per min.. .| 8,500 1,520 90 
18x 16-in. 
=1030 cu. ft. per min... 12,500 1,891 135 
Blowers, Roots cycloidal: 
No. 2, 600- 800 
CS Lbs DEM MING 5 scree oss 2,200 463 25 | Good for 5 |b. per square 
No. 3, 800-1400 inch, 
Cle ite DOT MIN. 6.5. 54% + 3,300 598 35 
No. 4, 1400-2200 
euztt. per MIN... ..56 4,800 764 50 
No. 5, 2200-3000 
CU, tb. Per MIN ws ches 8,500 1,089 90 
No. 6, 3000-4600 
eu. {t.-per Min......4... 14,000 1,596 150 
Elevators, continuous-bucket 
(Dry): 
9X 6X 9-in. buckets, 
30-ft. centers. . : 3,000 405 120 Complete with wood- 
9X 6X Q-in. Buckets, work. 
70-ft. centers. . ; 5,200 (fans 280 
16X 8X 11-in. Guckets! 
30-ft. centers. . wee 4,100 675 135 
16X 8X 11-in. Buckets: 
70-ft. centers.. - 7,250 Pi 315 
30 12 13-in. buckets, 
30-ft..centers.+ sj... +«: 9,700 1,650 225 
30 12 13-in. cao 
70-ft. centers. . 18,000 2,750 525 
Elevators, belt-and-bucket 
(Wet): 
Buckets | Spaced |Centers 
2 @ 14-in. | 18-in. 60-ft. 11,800 2,364 600 All ironwork, belt and 
2 @ 14-in. | 18-in. 30-ft. 6,400 1,277 300 buckets, and wood 
1 @ 16-in. | 18-in. 60-ft. 6,300 1,400 450 housing. 
1 @ 16-in. | 18-in. | 30-ft. 3,600 792 225 
1 @ 12-in. | 16-in. | 60-ft. 4,400 1,018 390 
1 @ 12-in. | 16-in. | 30-ft. | ° 2,700 551 195 
1 @ 8-in. | 12-in. | 60-ft. 2,630 700 300 
1 @ 8-in. | 12-in. | 30-ft. 1,770 418 150 
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Table 42. Weights, approximate (1924) prices, and labor cost for erecting 
the principal items of mill equipment—Continued 


Tanks, wood, for water, ete.: 
8X 8-ft.= 2,625 gal. 
(2-in. staves)..........-- 
10X10-ft.= 5,260 gal. 
(=m. Stavies)|> vaetkench «sc 
12X12-ft.= 9,280 gal. 
(Grins Staves) cc ce cehee 
16X 12-ft.= 16,000 gal. 
(S=s SERVES) . nse. «+ 
20X 16-ft.= 34,700 gal. 
(Same Staves). 2... sis eas 
30x 20-ft. = 100,000 gal. 
(Baa StAVES).. << /2 6 «so. < 
40 20-ft. = 178,500 gal. 
(B=IN. BEAVES)/TCANS we aeicne 


Conveyors, belt: 
18-in. belt, 450-ft. centers.. 
18-in. belt, 250-ft. centers.. 
18-in. belt, 50-ft. centers. . 
24-in. belt, 450-ft. centers.. 
24-in. belt, 250-ft. centers.. 
24-in. belt, 50-ft. centers.. 
30-in. belt, 450-ft. centers.. 
30-in. belt, 250-ft. centers.. 
30-in. belt, 50-ft. centers... 
36-in. belt, 450-ft. centers.. 
36-in. belt, 250-ft. centers. . 
36-in. belt, 50-ft. centers.. 
42-in. belt, 450-ft. centers.. 
42-in. belt, 250-ft. centers... 
42-in. belt, 50-ft. centers.. 


Boilers, tubular: 
60-hp., 125-lb. pressure... 
100-hp., 125-lb. pressure... 
150-hp., 125-lb. pressure... 
200-hp., 125-lb. pressure... 


Boilers, Sterling: 
200-hp. (hand-fired) 
300-hp. (hand-fired) 
500-hp. (hand-fired) 
750-hp. (chain-grate 

BUORES orien. oc ao a: 
1000-hp. (chain-grate 
stoker) 


Dryers, Ruggles-Coles (class 
A type): 
AS-i ODO. whens cutest st 
GO-HEX SO=fM Ie... 
WON. X<SS-f PSF. 
SO=in Ca S-feRiaee te... 


Roasters, McDougall: 
20-ft. dia. and 7 hearths... 
16 \4-ft. dia. and 7 hearths. . 
10-ft. dia. and 7 hearths... 


a 


Factory 
weight, 
pounds 


1,332 
2,024 
2,914 
6,588 
11,532 
24,980 


38,213 


15,000 
8,100 
2,420 

19,400 

11,000 
3,300 

24,200 

14,550 
3,850 

29,900 

16,500 
4,500 

33,600 

19,800 
5,750 


11,300 
22,700 
29,200 
35,700 


45,000 
65,000 
90,000 


160,000 


210,000 


» 24,000 
38,000 
50,000 
85,000 


525,000 
300,000 
200,000 


Factory 
price 


$85 
126 
262 
389 
675 
1,470 


2,270 


3,834 
2,129 

545 
4,680 
2,600 

520 
6,007 
3,337 

667 
7,200 
4,000 

800 
9,787 
5,437 
1,087 


950 
1,400 
1,800 
2,320 


4,750 
6,500 
9,000 
16,000 


20,000 


Labor 
cost of 
erection 


Remarks 


Prices for Douglas fir; 
for redwood, add ap- 
proximately 15 per 
cent. 


All ironwork, belt and 
rollers; also wood 
frames and stringers. 


Full fronts, complete 
with stacks. 


Including brick work, 
but not including stack 
or foundation. 


All steel and iron work, 


Factory prices and labor 
erecting inelude beth 
iron and brick work. 
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Table 42. Weights, approximate (1924) prices, and labor cost for erecting 
the principal items of mill equipment—Continued 


Electric motors, squirrel-cage 


type: 
At full load 

5-hp.P W750F pint ss fe: 
10-hp., 1160 r.p.m........ 
15-hpW L155 Pripim.s: 26 +. 
20-hp., 1160-r.p.m........ 
30-hpsel 150 ripim.....4ee 52 
50-hp.; LL55 ripamis:.. 2. 
ZOD. SOO TED Whe. choca, 
100-hp., 860 r.p.m........ 


Transformers, 44,000-volt 
primary current: 
Syl LOLS lenceria Raa, art 
FGA OLDE eh 7e eaeney Beem ay ari 
By GUOH RVers eke: lo eet 
Sr 400H es warner omnes 
SOOKE VO cee Berh eis «sale sak 


Electric circuits and wiring: 
Interior lighting: 
$8 to $10 per drop...... 
Interior power: 
$2.50 to $5 per hp...... 


Ore-bin gates: 


Grizzlies, bar: 
2x 6-ft. @ 1.5-in. spaces. . 
3X 9-ft. @ 2-in. spaces.... 
4X 12-ft. @ 2-in. spaces... 


Chain blocks: 
Geared hoist 
2 ton; Obs Hitec. « ss4ie8 
SabOW MUO=hbs Wits. 5 ta.c.smeutee 
5=6ON; dae-tbasttesic =. dee. 
HO-ton, U2=ft, Whit. 2.2.9. .4 


Crawls, geared: 


Railroad track scales: 
B=t OD, DOSE Gi rc wipusiear us) execene 
MOO=COnWOO=EE. «2.5 ocr cenit ss 22 


Samplers: 
Brunton Noe 30.0% sete - 
ADP UG SOK ay years ysanw years 
Gxco automatic.......... 


Factory Pr Labor 
weight, oy cost of Remarks 
price ‘ 
pounds erection 
353 $129 $7.50] Includes _auto-starter, 
620 252 12.50 overload relays, and 
815 292 17 no-voltage release. All 
825 330 20 below 2200 volts. 
1,550 399 30 
1,580 560 35 
2,940 798 50 
3,680 991 60 
21,000 6,700 700 Includes accessories. 
30,000 8,100 850 
42,000 9,000 900 
49,000 10,000 1000 
52,000 10.700 1100 
re ea BARES fs ae eed ++eeees..-.| Labor and materials. 
455 91 10 Double rack, heavy pat- 
585 ae 15 tern, 
728 145 20 
684 67 10 Bars, 34 and 34x 2-in. 
1,296 151 15 
2,310 268 20 
184 87.50 
267 112.50 
443 175 
652 300 
90 AG wal eevee wiaudetes 7, 8, or 9-in. I-Beam. 
118 O42. Meets rc .| 8, 9, or 10-in. I-Beam. 
220 TEATS Neto ta Meroe 10, 12, or 15-in. I-Beam. 
480 132) [OOM esa eye 18, 20, or 24-in. I-Beam. 
18,000 2,500 600 
15,200 1,900 500 
1,500 250 20 Wood and ironwork. 
540 110 25 
275 200 7.50 
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Table 42. Weights, approximate (1924) prices, and labor cost for erecting 
the principal items of mill equipment—Continued 


Factor Labor 
yeni Berets) cost of Remarks 
price : 
pounds erection 
Cranes: 
5-ton, 20-ft. span........ 3,600 $800" — WW Sora oe Hand operated. 
10-ton, 20-ft. span........ 9,500 1 ZOO. Sale erncc eee se Hand operated. 
25-ton, 25-ft. span........ 26,000 S250" Oa oe oe ois os Hand operated. 
50-ton,, 30-ft. span.........- 70,000 LO:2OOL MON <6  S tscke cae Motor operated. 
75-ton, 40-ft. span 140,000 MS 500" Baie ois ecg 3 5-ton auxiliaries, 4 a-c. 
motors. 
Log washers, double, steel: 
ASCOOREGS. cnc akin ek ie Ss 20,000 1,750 $200 Not including woodwork. 
ASOD -fb ieee stiles Soh og 25,000 1,875 250 
Machine tools: 
Lathe 16-in. x 8-ft......... 2,150 869 25 Complete. 
Lathe 30-in. x 20-ft........ 5,600 1423 50 Complete. 
Lathe 13-in. + 8-ft......... 1,200 394 20 Complete. 
Radial drill press, 48-in.... 7,500 2935 80 
Upright drill press, 14-in... 1,900 440 20 
Upright drill press, 30-in.. . 2,200 700 25 
Planer, 24 24-in.X 6-ft.... 7,400 2025 80 
Slaper 20sins oo. <asakcu 3,150 925 35 
SHAD eR LOaMenc. crs uc prance 2,200 780 25 
Milling machine, No. 2.... 3,600 1800 40 
Pipe-threading machine, 
Maiteto dank FOU |. 1,368 520 20 
Pipe-threading machine, 
SU AbOLen Oa as asa Fou. 6,810 1317 75 
Bolt-threading machine, 
ZENE EOL OV GSLIN 6 a00.0 cease. 2,500 425 30 
Hacksaw, 18-in. blade..... 950 300 10 
Air hammer, 1200 lb....... 34,000 4350 250 For belt ot motor drive. 
Blacksmith forge......... 275 61.50 5 
Air hammer and ealker.... 12<5) 310 mel ence cos 
W2-1n, borme mill... f 5... 31,000 7700 300 Motor drive. 
Power punch and shear, up 
¢0:0;5-in, plate... 2.4... 5,100 1157 25 Motor drive. 
Acetylene cutting and weld- 
UMNOUOU CH bere aioe. 45 DG Sire |S. eee 
Generator and truck for 
SNe neeind Sake ee 1170 SS ai8 Cll... « Hees « 
Mlectricidrillen: cen vgs: 25 OS FARR. eee pote 
Power rip saw, 14-in....... 1350 325 20 
Vowiter, UG-inse 5. ao des 1800 488 30 
Band’ saw, 36-1m.......%... 1700 360 30 
150-ton hydraulic press, 
POEM StrOKe Woes ats vs 4000 SLae” Ne cate eae eres 
Weightometer, Merrick Scale 
Co.: 
16, or A Sombelt ivr wie 2300 2335 50 
VAIN E Lb rele sens) cee ce hel ve 2500 2400 50 
BOA Delta: ee 2600 2500 50 
Shafting, 
diameter, inches Pounds per foot Per foot Remarks 
16-2716 5.52-15.86 $0. 39-$1.06 5 to 24-ft. lengths; cold-rolled 
2146-316 19.29-31.56 1729= °2),.17 and turned. 
3146-416 36.31-52 .58 2.59- 3.89 
41546-515{6 65.10-94.14 4.88— 7.63 


a al 


Abt. 14. 
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Weights, approximate (1924) prices, and labor cost for erecting 
the principal items of mill equipment—Continwed 


Per pound, cents 


Remarks 


10-14 
22-31 


Solid, cast iron, key-seated. 


Pounds per foot, 


Belting, rubber i Goactiacs Per pound First quality 
4-ply 0.13 $0.80-1.00 1 to 24 in. wide. 
6-ply 0.18 0.90-1.05 2 to 24 in. wide. 
8-ply 0.24 0.85-0.95 6 to 24 in. wide. 
if 
: Couplings, Pounds Each Remarks 
diameter, inches 
16-246 20— 60 $11.55-$17.20 | Flange fitted to shafts, and faced. 
21146-3116 80-140 20.35— 32.70 
3114 6-46 165-260 37.65- 63.80 
41546-51546 360-550 82.50-132.00 
Clutches, 
horsepower 
10— 25 200-— 500 $100-158 Clutch only (on pulleys). Horse- 
45-— 90 650-1250 201-289 power figured at 100 r.p.m. 
125-275 1500-3200 345-722 
Collars, 
diameter, inches 
16-26 1.25-3.25 $0.30-0.55 Solid 
21146-2746 3.75-6.51 0.65-0.90 
3146-46 9 —14 1.00-1.88 
41546-51946 15 —24 2.35-3.45 
Per pound 
Complete mill transmission equipment.... 16-30¢ 
Lab or erecting s<iarwakecir eaten 6 3— 4¢ 
Weight per Price per Erection cost per 
Tassos M.B.M,, pounds| M.B.M.(a) M.B.M, 
Oregon-Ar, COMMON mash Aceh ler 3 3300 $20 25-35 
Oregon fir, mine grade.......... 3300 14 25-35 
Pe yO OU). Wednnt tae ieke meatal ea ik st 2750 85 25-35 
Reclaimed lumber 3000 7.50-10 25-35 


a Lumber is usually bought at a price of f.o.b. railroad point nearest the place of con- 
sumption; freights, while variable, will average about equal to the saw-mill cost of common 


Jumber. 


It is intended that the foregoing list shall be used for estimating purposes only. 


To 


the factory price of machinery should be added enough to cover (1) freight charges from 
factory to the railroad point nearest the mill (approximately $1.50 per 100 lb., or say 2¢ 
per ton mile, for carload, and, twice as much for less than carloads), (2) the cost of hauling 
from railroad to millsite (say 40¢ per ton-mile for teams, or 20¢ per ton-mile for motor 
trucks), and (3) the cost of unloading and distributing machinery on the millsite (about 


$2,50 per ton), 
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Excavation that was required at a few mills, and the cost per cubic yard, 
are given in Table 43. 


Table 43. Amount and cost of excavation at typical mills 


Excava-| Cost 
A tion, per | Labor Character of 

Mall Type cubic cubic | wages material 

yards yard 


Magma, Superior, Ariz..........- Terraced 1800 |$2.47 |$2.25 | Solid, hard rock. 
fmiay; Pintay, NOV. ose ee ee. Terraced 915 0.55 | 3.50 | Medium soft earth. 
National, Mullan, Idaho........: || 'Terraced 5000 0.88 | 3.50 | Looserock and earth 
Watters, Sheridan, Mont.........| Terraced ]........ 1 DOOR io: wit Medium hard rock. 
Winnemucca, Nev............-. Flat 1155 Oat a 


Utah Consolidated, Tooele, Utah.} Terraced 6000 1.17 | 4.50 | Medium soft earth. 


Concrete work, its volume and cost, covering walls, foundations and 
floors at typical mills, is shown in Table 44. 


Table 44. Volume and cost of conerete work at mills 


Cost per cubie yard 


Total Lab 
Mill Type cubic Wath izing 
yards Ce- ~| Labor 
Sand |Rock| ont! ber, fous and |Total 
ete. plac- 
ing 
Imlay, Imlay, Nev...... Terraced 166, |$1287| @ \S2e43)—2... $1.40 |$3.50 |$9.20 


3 
Magma, Superior, Ariz...) Terraced 965| 1.63] a 4.51/$1.80] 1.27 | 2. 

National, Mullan, Idaho.|Terraced 1950| 1.37| @ 1.92) 0:65) 1. 10°! 1280" 16784 
Utah Cons., Tooele, Utah| “erraced(b)| 1469} 1.33)/$0.50] 3.45] 0.60] 4.12 | 2 
2 


Utah Cons., Tooele, Utah} erraced(c)} 814] 2.00] 0.50) 4.27) 0.60) 4.12 71 14.20 
Armstead, Talache, Id...|Flat S2SU ARS e).ns, [era el ce al eee | eee 10.40 
Winnemucca, Nev...... Flat SES cle eg peda kA da SR ee 9.50 


a Gravel, included with sand. 6 Retaining walls and building foundations. c¢ Floors 
and machinery foundations. 


Final estimates are based on completed plans and specifications, previ- 
ously described (Art. 13). The first step is to prepare an ITEMIZED LisT of 
all equipment and materials required; much depends on the completeness of 
this list; nothing should be omitted that will contribute in the least degree 
to the satisfactory operation of the mill. A few of the items most likely to 
be overlooked are given in the following list: 


Windows. Screen covering. Steel balls. Ore bin, rods and washers. Building rods, 
bolts, drift spikes and washers. Blower air pipe. Master valves for cells. Main power 
cable. Main water pipe and cost of digging ditch. Main water tank. Main water 
pump. Lime bins and feeders (where lime is used). Cranes, hoists, trolleys, chain blocks 
and beams. Lighting transformers. Fire hydrants. Cable, conduits and connections. 
Paint and painting. Steam plant and all necessary piping and connections. Electric 
wiring, material and labor. Equalizing tank and float. Brick (where boiler is used). 
Fire and water hose. Coal for heating mill during construction. Electrie-power poles. 
Agitator for stock tank. All gear housings. Steel chutes. Bin, launder, chute and spout 
linings. Steam-pipe covering. Tank for condensation water (where this will not return 
by gravity). Pump for same. Feed distributors. Belt fasteners. Elevator bolts and 
washers. Lighting cables, cords, shades and globes. Sampler equipment. Reagent feeders. 
Reagent storage. Walkways. Stairs. Signal systems. Cleaning up. 
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Underestimating the cost of a proposed job is invariably due to failure 
properly to survey and list all the items composing the installation and the 
work to be done to complete the plant to the point of actual operation. Care 
in this particular is really more important than precision as to each item, for 
in the very long list of items almost always needed, individual errors will tend 
_ to compensate. 

The list should next be seGREGATED according to the character and source 
of the materials: ore-dressing equipment (further subdivided as to specialties 
offered by particular manufacturers); motors and electric appliances; shaft- 
ing, pulleys, clutches, speed reducers, etc.; belts; piping, valves and fittings; 
lumber; roofing and siding materials; windows; paints; structural steel-work 
(not usually necessary to list in detail—see Art. 13); boilers; engines. Bids 
are then invited from manufacturers of the respective classes, stating weights, 
prices, and time of delivery. Bids should be scrutinized, not only as to prices 
and quality, but also to insure-that each one covers exactly the amount and 
kind of material wanted; freight charges to the mill site may affect comparison 
of factory prices. A convenient form for final presentation is suggested in 
Fig, 12, 


Totals 


Coarse crusher 
& sampler 
| Concentrator 


Mach’y & miscellaneous 
iron work. FO. B. factory 
1 


-Lumber and/or steel work. 
Other structural mat'ls. 


Labor erecting mach'y etc. 
Labor erecting bldgs. etc. 


Freight & unloading mach’y etc. 
Freight & unloading build'g mat’! 


Excavation 
Foundations etc. 


Electric wiring etc, 
Piping etc. 


Contingent fund @ 5% 
Engineering 


Total of items 


Fra, 12, A form for final cost estimate. 


This generalized tabulation should be accompanied by individual lists 
relating to each separately-housed department of the plant, following the same 
itemizing as above, but in more detail; thus, each article of principal equip- 
ment should be listed as to weight and price; volumes of excavations and 
foundations should be stated, with their unit costs; lumber, quantity and unit 
cost; and similarly as to all other structural materials, 
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Art. 1. APPROXIMATE COMPUTATION 1345 


ARITHMETIC 


1. Approximate computation 


Numerical engineering data are subject to errors of various kinds and 
should be written so that no ambiguity can exist as to the significance of the 
figures. In the number 0.002953 it would naturally be understood that four 
SIGNIFICANT FIGURES 2, 9, 5, 3 are intended. In 2,953,000, however, it should 
be made clear whether the three zeros are in doubt or not. Attention to 
significant figures is especially important in performing the four fundamental 
operations of arithmetic, viz., addition, subtraction, multiplication and 
division. (1) 

Addition.’ A doubtful figure in any of the numbers makes the sum of the 
column in which it lies doubtful. 


2.953xx 

Example. In the sum retain figures for those columns only in which all 0.8942x 
figures are significant. Doubtful figures are indicated by sign x. 0.06483 
3.912xx 


Subtraction. Reject any column containing a doubtful figure. Ordinary 
method of subtraction may be replaced with advantage by ‘‘sHop”’ or “‘com- 
PLEMENTARY’”’ METHOD based upon subtraction as the inverse of addition. 


Example. Subtract the sum of 532 4+9+9 = 22. Set down 9, carry 2. 
6439 and 954 from 8532. Answer is ——- = 


1139. 6439 Vi teyotets 6. Sa15. Oe bf 98 ae Gy eth. 
Example illustrates the advantage O54 SI) ten 1 eee ss tam 

of the method in working out, in one = 

step, problems involving both addi- 1139 Wrote eSheitnt avinta 


tion and subtraction. 


Multiplication. It is convenient to arrange the work so that the figures 
of the multiplier are used from left to right, since doubtful figures are 
thus displayed prominently to the right of the ver- 


2,953 tical line. It is unnecessary to write the doubtful 2,953 
eS figures. The operation may be abbreviated by Se 
Sia 3 dropping the right-hand figures of the multiplicand eee 
59/06 one by one as multiplication is completed by 59 
23 | 624 successive figures of the multiplier, making proper 24 


12,19x| xxx allowance for so doing in the products. POSITION OF  12,19x 
THE DECIMAL POINT may be determined in the usual 
way (as many places of decimals in product as in multiplicand and multiplier 
combined), or, better still, estimated from the given numbers as below. 
Thus to point off 29.53 X 412.8, think of result as about equal to 30 X 400 = 12,000. 
Product required contains five figures to left of decimal point. Hence 29.53 % 412.8 = 


12,190. Again 0.00002953 X 4128 is best treated by thinking of the multiplier as about 
4000, that is, 4 X 1000, the last factor shifting decimal point three places to the right. 


Hence 0.00002953 X 4128 = 0.1219. 
Division. Work may be much abbreviated for numbers with limited 
significant figures- by cutting off one figure of the 


divisor at each division, instead of adding a doubt- 4128) nies (2 
ful zero from the dividend to the remainder. This 413) 3084 e 
method gives rise to no loss in accuracy, and leads 3717 
quickly to the desired result. Work may be further 41) 217 (5 
shortened by omitting the multiples of the divisor, 305s 
writing down remainders only, using shop method 4) 12 (3. 


of subtraction. 
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4128 | 12,190 | 2 2X8 = 16, +4 = 20. Write down 4, carry 2. 
413 | 3,934 | 9 2X2= 4+24+3= 9. Write down3. 
41 217 | 5 2X%1= 2,49 =11. Write down9, carry 1. 
4 12| 3 2X4= 8 +1+4+3=12. Write down 3. 


PosITION OF DECIMAL POINT is best determined by estimating the quotient in a manner 
analogous to that explained for multiplication. Thus in 0.001219 + 0.4128, think of the 
divisor as 4 and point off one less place in the quotient. Answer is 0.002953. 


Notation using powers of 10. Engineering tables often employ powers 
of 10 as factors to bring significant figures into prominence and also to save 
space. % 


A power of 10 is indicated by an EXPONENT, which is an integer written at the right and 
above 10, as 102, 10-3. A posITIVE EXPONENT indicates a product in which 10 appears as 
a factor a number of times equal to the exponent. Thus 102 = 10 X 10. A NEGATIVE 
EXPONENT indicates the reciprocal of (unity divided by) the corresponding positive power. 
Thus 10-3 = 1/103 = 1/1000 = 0.001. A negative power of 10 equals unity written in 
that place of decimals which corresponds to the numerical value of the exponent. Thus 
10-1! = 0.1, 10-4 = 0.0001. The product, or quotient of two powers of 10 is also a power 
of 10. Runs: 104 X 102 = 102+, 104/102 = 102-5. If 2, 9, 5, 3 are the significant 
figures in 2,953,000, write it 2953 X 103. Also 0.00002953 = 2.953 x 10-5. Rule is to 
write down all significant figures and multiply by the correct power of 10 to take care of 
decimal point. Multiplication or division of very small or very large numbers is performed 
conveniently by first writing them with powers of 10 as factors. 

Examples. Multiply 0.000002953 by 412,800. Workis, 2.953 K 10-6 & 4.128 * 105= 
12.19 X 10-1 = 1.219. Ans. Divide 0.001219 by 0.4128. Work is, 12.19 X 10-4 + 4.128 
XK 10-1 = 2.953 K 10-3 = 0.002953. Ans. ~ 


The above illustrations afford examples of the rule to be followed in pis- 
CARDING SUPERFLUOUS FIGURES, v2z.: if the first figure of a number discarded 
is five or more, add a unit to preceding figure. 


For greater refinement, when the number rejected is known to be exactly five, add a unit 
to preceding figure when this is odd, leave it unchanged when even. Vhus 7.5 * 75 = 
562.5 = 562 to three figures. 15 X 22.5 = 337.5 = 338 to three figures, 


Fractions. Product of two fractions is the product of the numerators 
divided by the product of the denominators. To divide one fraction by 
another, invert the divisor and multiply. 

Ratio and Proportion. Ratio of one number to another is the quotient 
of the first by second. 


Example. Ratio of 7 to 4 is 134. 

Ratio of two numbers is often indicated by the sign : between them. Four numbers 
are said to be in proportion when the ratio of the first to the second equals the ratio of the 
third to the fourth. 

Example. 2, 3, 8,12 are in proportion. This is written 2:3 = 8: 12, 


In a proportion, the first and last numbers are called exTREMES, second and 
third numbers are called mEans. -A proportion remains true if any of follow- 
ing changes are made: (1) interchange extremes; (2) interchange means; 
(3) make extremes the means, and means the extremes. In any proportion, 
product of means equals product of extremes. 


Example. Given 2:3 = 8:12. (1) 12:3=8:2; (2) 2:8=3:12: (3) 3:24 
12:8. 


Variation. One number is said to VARY DIRECTLY as another number 
when their ratio is constant, and to VARY INVERSELY as another number when 
their product is constant. 
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Charts to display tables of numerical data. A graphical representation 
of a table giving corresponding pairs of numbers is made by drawing two 
lines at right angles from a common point and laying off on one line a scale by 
which to plot one set of numbers, on the other line an appropriate scale for 
the second set of numbers. A point on the paper can then be marked for 
each pair of corresponding numbers, as in Fig. 1. 


Example. Chart showing increase of population of United States. 


RCA me ae See. oe Lee ee ee 1850 | 1860 | 1870 | 1880 | 1890 | 1900 | 1910 
Population HEY HATTON Sats watyins chests oe 23.2 | 31.4 | 38.6 | 50.2 | 62.6 | 76.0 | 92.0 
100,000,000 


Scale of years is laid off on hori- 
zontal line as marked, and scale of 80,000,000 
millions in population on vertical 
line, each division on the latter 
representing 5,000,000. A point on 
the vertical line 5 units upward 
represents population in 1850. For 
each decade a point is marked di- 20,000,000 | 
rectly above the corresponding point 
for the year at a distance represent- 0 itera 
ing population for that year. For 
example, for 1890, point is 62.6 +5 = 
12,5 divisions upward, 


60,000,000 


ulation 


40,000,000 


Pop 


2. Errors 


A definite number of significant figures is usually implied in a numerical 
table. The last right-hand digit may be im error, at most, half a unit. 


For example, from Table 3, the value for the square root of 7 = 2.646, which means that 
the exact value lies between 2.6455 and 2.6465, that is, the error lies between — .0005 and 


+ 0005, 


In adding numbers taken from a table, errors*may accumulate. The last 
right-hand digit may then be in error several units, and this fact should be 
1oted carefully in any computation. Similar observations apply to other 
yperations of arithmetic. In general the result obtained by computing with 
umerical tables of say four significant figures cannot be depended upon 
yeyond three significant figures. Hence to reach a desired degree of accuracy 
t is essential to carry along one extra figure up to the last step. 

The ABSOLUTE ERROR in any approximation is the actual difference between 
he approximate and the exact value. The limits between which the absolute 
rror lies are usually all that is known of its magnitude. 


Thus when we take «/7 = 2.646, absolute error lies between — 0.0005 and + 0.0005 
nd is numerically < 0.0005. 


The RELATIVE ERROR is the ratio of absolute error to exact value. Usually 
n any given case an upper limit only of the relative error 1s known. 


Thus in the preceding illustration, the relative error in 4/7 = 2.646 is less than “one 
art in 2645.” 
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Following are simple theorems on errors. 

IN A SUM OR DIFFERENCE, ABSOLUTE ERROR OF THE RESULT IS NOT GREATE! 
THAN THE SUM OF THE ABSOLUTE ERRORS OF THE GIVEN TERMS. 

IN A PRODUCT OR QUOTIENT, RELATIVE ERROR OF THE RESULT IS NO‘ 
GREATER THAN THE SUM OF THE RELATIVE ERRORS OF THE TERMS (practically) 

In calculating, from any formula, a value depending upon given approxi 
mate values, limits of the absolute and relative errors may often be found by 
aid of the Calculus. See Art. 59. 


3. Interpolation in Tables 


It is often convenient to consult tables for values not directly given, bu 
which may be found by INTERPOLATION BY FIRST DIFFERENCES. This tech 
nical phrase is based upon a simple assumption and its application is merel} 
the principle of proportion in arithmetic. 


Suppose that in a Table of Square Roots, entries are for numbers of three significan 
figures, and the square root of a number with four significant figures is wanted to a fai 
degree of accuracy. Assume that the table gives 1/211 = 14.525 and 1/212 = 14.560 
and that ./211.4 is desired. Note that the square root increases .035 when the numbe 
increases 1 unit. Interpolation is accomplished on the assumption that a fractional increas 
in the number will cause the same fractional (proportional) increase in the square root 
In this case, therefore, the increase of 0.4 (ratio 0.4 : 1) in the number should increase th 
square root by .035 X 0.4 = .014. Hence +/211.4 = 14.525 + .014 = 14.539. If th 
tabular square roots have five significant figures, the interpolated result cannot be depende 
upon to the same degree, but the last figure is in doubt by one unit at most. 


4. Logarithms 


Explanation of Table 16. The tables are common LoGARITHMS. The number 10 i 
called the Base of the system, and the common logarithm of a given number is that powe 
to which 10 must be raised to equal the number. In other words, common logarithms ar 
powers (not necessarily integral) of 10. From the relations 10-3,= 0.001, 10-2 = 0.01 
10-1 = 0.1, 10° = 1, 101 = 10, 102 = 100, 10% = 1060, etc., it is seen that the logarithr 
of 0.001 = — 3 (written log 0.001 =— 3), log0.01 = —2,log0.1 =— 1,log1 = 0,log1 

= 1, log 100 = 2, log 1000 = 38, etc. 

To find the logarithm of a given number. When the number is greate 
than 1, the logarithm is positive. To find the decimal part, called manTIsss 
consider the first three significant figures of the number, paying no attentio 
to the position of the decimal point, at present. Table 16 gives the decime 
part for any three significant figures, correct to four decimal places. 


Thus, the decimal part of log 3.21 = 0.5065; of log 14,000 = 0.1461, of log 98.6 = 0.993% 
If the number has four significant figures and the first figure is 1, the cot 


rect decimal part of the logarithm is given immediately in Table 16 (p. 147% 
the fourth significant figure being found in the top row. 


Thus for log 12.15, decimal part = 0.0846. 
When the first figure is 2 or more, pp. 1474-1475 give a corREcTION fc 


a fourth significant figure at the right of the page. This correction is to k 
added to the number given in the body of the table. 


Thus for log 2634, on the line for 26, the correction under 4 is 7. Hence add 7 to 420( 
giving mantissa of log 2634 = 0.4207. 


The part of the logarithm preceding the decimal point, called the cHar 
ACTERISTIC, is the number which is one less than the number of digits in th 
given number preceding the decimal point. 


The characteristic of log 26.45 is 1, of log 36,840 is 4, of log 3.862 is 0. 
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The complete logarithm of a number consists of the characteristic followed 
by the mantissa. 


Thus log 13.15 = 1.1189; log 986.5 = 2.9941; log 3.216 = 0.5073. 


If given number has more than four significant figures, cut off the excess 
figures. (Art. 1.) 

When the number is less than 1, the logarithm is negative. To find 
the mantissa, which is taken positive, follow the same rule as before. 


Thus, mantissa of log 0.2652 or log 0.0002652, is same as for 2652. 


To the mantissa add the characteristic, which is now negative and equal to 
the number of zeros between the decimal point and the first significant figure 
of the number, increased by 1. 


Thus the characteristic of log 0.2652 =— 1; of log 0.0002652 =— 4. Hence log 
0.2652 = 0.4235 — 1(=— 0.5765); log 0.0002652 = 0.4235 — 4(=— 3.5765). 


For convenience in calculation, it is customary not to perform the opera- 
tion of subtracting the characteristic from the mantissa, but to write the char- 
acteristic preceding the mantissa, as when positive, and to place a minus sign 
above it. 


or example, write 0.42354 as 4.4235. It must not be forgotten, however, that 
4.4235 = — 4 + 0.4235. 


Some computers prefer to add and subtract 10 from a negative logarithm, 
so as to have a positive number in the units place. In this case — 4 + 
0.4235 would be written 6.4235 — 10. 


To find a number whose logarithm is given is the inverse of that just 
described. 


Example. To find number whose logarithm = 2.6049. Mantissa is 0.6049. Find in 
the body of the table the next smaller mantissa. This is 0.6042, corresponding to significant 
figures 402. A fourth figure must give an added correction 6049 — 6042 = 7, and hence 
this figure may be either 6 or 7 from the right-hand column. Choosing 6, significant figures 
are 4026. Characteristic being 2, point off three places. Hence required number is 402.6. 
If logarithm is 1.6049, corresponding number is 0.4026. 

Remark. Above process may lead to an error of at most one unit in last right-hand digit. 


Fundamental properties of logarithms. The application of logarithms 
to computation depends upon the following relations: 


(1) log (ab) = log a + log b (38) log (a)” = n loga 
a 
(2) log (a + b) = log a — logb (4) log V/a = (loga) +n 


Multiplication by using logarithms. Find the logarithm of each factor 
and add. The sum is the logarithm of the required product. 


Example. Compute x = 4128 < 0.00002953. 
log 4128 3.6157 
log 0.00002953 = 0.4702 — 5 


Adding, log x = 4.0859 — 5 or 1.0859. Hence x = 0.1219. 


Wl 


Products of more than two factors are worked out in same manner. 

Division by using logarithms. Find the logarithm of the numerator 
and subtract from it the logarithm of the denominator. The remainder is 
the logarithm of the quotient. Shop method of subtraction is recommended. 
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4.128 log 4.128 = 0.6157 
Example. To computez = 0.02953 log 0.02953 = 3.4702 
Subtracting, log « = 2.1455 

x = 189.8 Ans. 


In computing by use of logarithms, negative mantissas must be avoided, 
since tables give only positive numbers as mantissas. Hence in subtracting 
a mantissa from a smaller one, first add and subtract 1 from the latter. 


0.02953 log 0.02953 =— 3 + 1.4702 

Example. Compute x = 0.4128 log 0.4128 =- 1, -- 0.6157 
2 log x = 93.8545 

= 0.07153 Ans. 


Instead of dividing by a number N, we may multiply by its reciprocal 1/N. Log of 
reciprocal of a number is called the cotocaritHM. Hence in using logarithms in division, 
we may add the cologarithm of N in place of subtracting log N. This device is useful 
especially where the divisor is itself a product. Some caution must be observed in using 
cologarithms. Colog N = log 1 — log N, and log 1 = 0. Illustrations following will show 
the method. 


log 1 = 1.0000 — 1 log 1 = 2.0000 — 2 
log 0.2953 = 0.4702 — 1 log 41.28 = 1.6157 
Colog 0.2953 = 0.5298 Colog 41.28 = 3.3843. 


In computation using cologarithms Tables of Cologarithms are useful. 

To compute any power of a number using logarithms. [Find the logarithm 
of the number and multiply it by the given power. The product is the loga- 
rithm of the desired result. 


Example. Compute x = (0.2953)5 log 0.2953 =— 1 + 0.4702 
Multiply by 5 
5 + 2.3510 = 3.3510 


log « =— 
= 0.002244 Ans. 


To compute any root of a number using logarithms. Find the logarithm 
of the given number and divide it by the given index of the root. Quotient 
is logarithm of desired result. Care is necessary to avoid the introduction of 
fractional characteristics in the case of roots of numbers less than unity. 


Examples. 1. Compute x = V0. 4128 


log 0.4128 =— 1 + 0.6157 
(Adding and subtracting 4) =— 5 + 4.6157 
—— Oat elon 
log x = 5 = 1.923) 
= 0.8377 Ans. 


0. 0730-062 

0.062 log 0.073, 

—2 + 0.8663 = —1.1337, 
0.062 X — 1.1337 
—0.0703 =—1 + 0.9297: 
zx = 0.8506. Ans. 


2. Compute x 
Solution, log x 
log 0.073 

log x 


(fo oe | 


In computations such as are illustrated above, errors in final logarithms 
are introduced which may be appreciably greater than the error of the tables. 
The latter may be assumed to be not greater than half a unit in the fourth 
decimal place, although it may, by interpolation, be a whole unit at times. 
Hence, for example, in raising a number to fifth power, an error of five units 
may occur in the final logarithm and this may even lead to an error, in the 
number itself, of one unit in the third significant figure. Computation with 
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four-place tables does not ensure more than three-figure accuracy. Tables 
with mantissas carried out to five or more places are essential for accuracy to 
four or more significant figures. Such tables are available in great variety. (2) 


5. Slide rule 


. A logarithmic scale is constructed as follows. On a line (Fig. 2) choose a 
convenient length OZ. Take OZ as unit of length. Mark at each point on 
the line the number whose log- 


arithm is the distance of that aN een at sea eh 
point from O, ¢g.,if OA =loga, 9 A Z 
mark at point A the number a. Fia) 2 


If any other unit of length is 
more convenient, the ratio OA : OZ isloga. Point O is marked 1 (log 1 = 0), 
point Z is marked 10 (log 10 = 1). Integers 2, 3, etc., fall on the scale as 
marked. Graduations between integers will make it possible to read the 
number corresponding to any point. 

Let two such logarithmic scales of the same length be made on cardboard 
and placed as in Fig. 3 with O, on lower scale beneath A on upper scale. Let 
reading at A be a, at Ai be a:. Then reading at B is product aa, For OA 
+0:4, = OB. But OA = log a@ and OA: = log a. Hence OB = 
log a+ log a; = log aq (Art. 4). Fig. 3 illustrates multiplication by 
adding two logarithmic scales. If A; comes beyond Z, place scales as in 
Fig. 4. Then reading at B is product aa; divided by 10. ForOA = OB+BA 


Fié. 4. 


= OB + 0,4, —O,A1. Hence OB = OA +0,A1 — O12; = log a + log a, — 
log 10=log aa;/10. Reading at B is the product, as before, save for the position 
of the decimal point. By writing any number as a product of a number between 
1 and 10 by a power of 10, multiplication of any two numbers can be performed 
as in Fig. 3 or Fig. 4, the position of the decimal point being determined by 
inspection. In fact, to locate the point on the scale corresponding to any 
number, consider its significant figures only, and disregard the position of the 

decimal point. ; 
If readings a and x on the upper scale are directly over readings b and y, 
respectively, on the lower scale, (Fig. 


love sliog joo a 28) 3), oe yO (For AX = BY: 
Sn PLE, But AX = log x — log a = log 2/a. 
And BY =logy/b.) Write this equa- 

pietil tion in the form of a proportion 


z:y =a: b, then for any position of 
the scales, the readings at two points in a vertical line have a constant ratio. 


1 a 10 p 30 100 


Fie. 6. 


The logarithmic scale of Fig. 2 is extended to include numbers from 10 to 
100 by reproducing the same scale to the right of Z, moving O over to fall on Z, 
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and replacing the marks 2, 3, 4, etc., by 20, 30, 40, ete. The reason for this 
lies in the fact that multiplication of a number by 10 increases its logarithm 
by 1. The scale is now a double logarithmic scale. An immediate advantage 
of such a scale is that two points on the scale can be marked for any number, 
according to whether that number is written as the product of a power of 10 
by a number between 1 and 10, or between 10 and 100. 


Example. 0.0265 can be marked at 2.65, or 26.5. 


In the following discussion, assume a pair of double logarithmic scales as 
in Fig. 6: 

Product of two numbers ab. Locate a on upper scale between 1 and 10 
and b on lower scale between 1 and 10. Move the lower scale to the right 
until 1 isin line with a. Product ab is read on the upper scale over b (Fig. 7). 
Or, locate a on upper scale between 10 and 100, bring 100 on slide in line with 
a, and read product over b. 

Quotient of two numbers a/b. Locate a on upper scale between 10 and 
100 and b on lower scale between 1 and 10. Bring 6 under a. (Fig. 8.) 
Quotient « = a/b is read on upper scale over 1 on lower scale (x : 1 = a: 5). 


Picea Fie. 8. Fie. 9. Fre. 10. 


Combination of multiplication and division, ab/c. Locate c on lower 
scale and b on upper scale, and place boverc. (Fig. 9.) Read value x = ab/c 
on upper seale overa. (x«:a@=b:c.) Orbandccan be marked on one scale 
and a on the other scale brought over c, when the value of x is read on line 
Wu (eso Sa Ser 

To calculate x from 

gd) 2) 8) & 
COE Gs De AO GC 


DON Svs me yo aur Vas WTS VAL 
(1) Place scales so that value of ab/p appears on the upper scale. A RUNNER 
(R, Fig. 10) is now necessary, consisting of a metal frame with upper and 
lower edges fitted to the slides so as to move freely back and forth, and 
carrying a transparent (glass) plate with a visible vertical hair line. Move 
the runner so that the hair line falls on the reading for ab/p on 
upper scale. (2) Keeping runner fixed on the upper scale, move the lower 


aes Sab abc, 
scale until gis under the hair line. Value of —-- is then on upper scale over c. 


Move the runner until the hair line falls on this reading. (8) (4), etc.: pro- 
ceed as in (2). Note that the number of factors in the numerator must be one 
more than in denominator. Adding the factor 1 a certain number of times 
may be necessary to accomplish this. 

35 & 144 


E i pe POE ALN 
xample. Find value of « when x L.7 Xx 60 X 6.25" 


35 X 144 1 1 
ales 6056 58" 


Successive steps are shown in the figures (7), (2), (3), Fig. 11. The result 790 is read 
over 1 in the position given in the last figure. Decimal point is seen to be after 7. Hence 
« = 7.90 Ans, 


Write x = 
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The ordinary slide rule (Fig. 12) consists of a RuLE ABCD with a double 
logarithmic scale AB (called Top scauE) and a single logarithmic scale CD 
(BOTTOM SCALE) of equal length with AB, a suing F having a double log- 
arithmic scale on its upper edge identical with AB, a single logarithmic scale 
on the lower edge, congruent with CD, andarunnmr. (3) The slide has also 
three scales on the reverse 
side, to which reference is [2  ® |. Lad ; 
made later. Multiplica- 14s 1.7 Li ie orf voters bates 
tion and division are per- @ (2) (3) 
formed as already ex- Fie. 11. 
plained by using scale AB 
and the upper edge of the slide, or scale CD and the lower edge of the slide. 
The latter scales are best used, because graduated more finely. 

Scales are graduated (reference is to the standard 10-in. or 25-cm. rule) 
as follows: DouBLe scatp, each division between 1 and 2 is an increase of .02; 
between 2 and 5, an increase of .05; between 5 and 10, an increase of 0.1. 
SINGLE SCALE, each division between 1 and 2 is an increase of 0.01; between 
2 and 4, increase of 0.02; between 4 and 10, increase of 0.05. On commercial 
rules 10, 20, etc., on the top scale are marked 1, 2, etc. 


Squares and square roots. If the runner is placed in any position, the 
number under the hair line on AB is the square of the number under the hair 
line on CD (Fig. 12), proper attention being paid to the decimal point. To 
find the square root of any number, estimate the first figure of the answer 
and place the number on AB so that the number under it on CD will begin 
with the correct figure. 


Example. For V18.5, first figure is 4. Hence place the runner on 185 on the right- 


hand half of AB. For V0.0185, first figure is 1, hence place the runner on 185 on the left- 
hand half of AB. 


Cubes of numbers. To find x3, set run- 


ee oaieriovennd? on CD, and multiply z? on AB 


aa Kee mes 


Clan Wn) Suh 20 srdJD 
triple scale on the lower edge of CD of the same length 


Fig..13. as CD. The hair line on the runner projects over its 
ower edge, so that cubes of numbers on CD can be read on the triple scale, and cube 
roots of numbers on the latter can be read on CD. 


Cube root. Some slide rules are provided with a 


If the slide is pulled out and turned over, its under side (Fig. 14) shows 
three scales of the same length as the upper scales. The top scale (marked S) 
s called S sce, the bottom scale (marked 7’) is called T scaun, and the middle 
3 called the CENTRAL SCALE. The last is simply the length of the rule sub- 
livided into 500 equal parts, numbered from right to ieft. 

Logarithms of numbers. If the slide is pulled out, inverted, turned end 
for end and run home, points on scale CD (Fig. 12) will be in line with num- 
berson the central scale (Fig. 14) thus giving the distances of these points 
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from C, measured with length CD = 10. Hence, numbers on the central 
seale give mantissas of logarithms of the numbers on the bottom scale. 

S-scale (Fig. 14). This isa LOGARITHMIC SINE SCALE, constructed as follows: 
Length OZ equals length of scales on rule. Mark Z as 90°, and _any point 
Aasanangle z satisfying the equation log 100 sin a = 2 0A/OZ. Using Table 
18 of logarithmic sines (p. 1476) this scale is readily constructed. The 
point at the left end is 34’, since log sin 34’ = —2. Let the slide be pulled 
out, inverted, and run back (Fig. 15), so that S-scale comes below scale AB 
on the rule. A point on the latter is marked a, satisfying log a = 204A /OZ. 
Hence, corresponding readings a on AB and z on S-scale satisfy sin # = a/ 100. 
Hence, sines of angles between 34’ and 90° may be read off immediately. 
(Note that sin 34’ = 0.01.) 


Fic. 14., 


T-scale, at bottom of Fig. 14 is a LOGARITHMIC TANGENT SCALE. Point Z; is 
marked 45°, any point A; as the angle z for which log 10 tan x = 0,A4;1/O1/1. 
Let the slide be pulled out, inverted, and run back, as before, the T-scale com- 
ing above seale CD on the rule (Fig. 
15). Readings z on T-scale and c 
on CD, in line, satisfy 10 tan x = c. 
Hence, tangents of angles from 5° 
43’ to 45° can be read. (tan 5° 
43’ = 0.1.) For angles greater 
than 45°, use the formula tan (90 — x) = 1/tan x. For angles less than 
5° 43’, sine = tangent with sufficient accuracy. 

Multiplication or division using S-scale or T-scale presents no new prin- 
ciple. For position shown in Fig. 15, the following relations hold: a: sin x 
=b:sny, andc: tan « =d: tan y. Comparison of these equations with 
the basic equation x: y = a:b (p. 1351) shows how calculations involving 
sines or tangents can be made. 


iGo to. 


Assuming the slide in usual position with number scales in view, turn the rule over and 
pull out the slide. S- and T-seale will appear as in Fig. 16. A 
piece of transparent celluloid with hair line H is placed in the 
end of the rule over the slide as in the figure. It is easy to see 
that: (1) The reading on the central scale is the logarithm of 
the number on seale CD under 1 on slide. (2) The reading on 
the S-scale is the angle whose sine equals the number on the 
slide beneath 100 on scale AB, divided by 100. (3) The read- 
ing on the T-scale is the angle whose tangent equals the number 
on the slide above 10 on scale CD, divided by 10. 

For use of the slide rule in trigonometry, see Art. 34. 


ALGEBRA 


6. Fundamental operations 


Notation. The use of letters of the alphabet to represent numbers is 
the most striking difference between arithmetic and algebra. Different num- 
bers may be represented by the same letter with accents (primes) as a’, a!’ 
(read “a-prime,” ‘‘a-second”’), or subscripts as ai, a2 (read “‘a-sub-one,” 
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“a-sub-two”’). When letters occur in a product the multiplication sign (X) 
is omitted. Thus 3a = 3 X a; 22y =2 XxX y. The product of a number 
by itself one or more times is abbreviated by the use of an exponent. Thus 
aXaXa=a'. An exponent is an integer written at the right and above 
another number to show how many times the latter is to be taken as a factor. 

Exponent 1 is not expressed. Thus, write a, not a. (See also Art. 15.) 
- Letters in algebra stand for negative numbers as well as positive. (4) 

Addition and subtraction. In arithmetic, 
where numbers are always positive, a number 5432-1 0414248 9445 Unit 
may be subtractedfroma greaternumberonly. OES : s 
In algebra it is necessary to subtract numbers Fig. 17 
regardless of their relative magnitudes. To vere 
do this, arrange positive and negative numbers on a NUMBER SCALE (Fig. 17). 

Beginning on a line at a point marked zero, lay off equal distances and mark successive 
points as indicated, positive numbers to the right, negative to the left. To add the 
positive number a to the number b begin at b on the number scale and count a spaces to the 
right. To subtract the positive number a from the number b, begin at b and count off a 
spaces to the left. Thus, + 2+3=5; —~5+2=-—3; -— 2-3 =—5. 

To add a negative number is the same operation as subtracting that number taken with 
a positive sign. Hence, to add a negative number n to a given number, begin at the latter 
on the scale and count off n spaces to the left. Subtracting a negative number is the same, 
in effect, as adding the corresponding positive number. Rule for subtraction is usually 
stated: Change the sign of the subtrahend and add. 

Absolute value of a number is its value without regard to sign. Absolute value of a is 
written |a|. Absolute values of 3, — 1144, — 0.51 are 3, 114, 0.51, respectively. (|3|= 
3, |— 1%| = 1%.) 

Sign. To add two or more positive (or negative) numbers, find the sum 
of their absolute values and prefix to this sum the plus (or minus) sign. 

To add a positive and a negative number, find the difference of their abso- 
lute values, and prefix to the result the sign of the one which has the greater 
absolute value. 

The product of two numbers having like signs is a positive number and the 
product of two numbers having unlike signs is a negative number, ¢.g., 
ta X +b = +ab, —a X +b = —ab, +a XK —b = —ab, —a X —b =+ ab. 
Tf one factor in a product is zero, the product itself is zero. 

The quotient of two numbers having like signs is a positive number, and the 
quotient of two numbers having unlike signs is a negative number. Division 
by zero is always excluded. 

A MONOMIAL or TERM is an indicated product of two or more numbers. Any factor in a 


product is called the coprricient of the product of the other factors, e.g., in dazy, 3a is 
coefficient of zy. Terms alike in all respects except coefficients are called stmitar. Thus, 


ax, — 3a2x, 7a2x are similar terms; also v2, - 2V2, and 3V 2. 


To add similar terms, find the algebraic sum of the numerical coefficients 
and prefix the result to the common part. 


Example. a2x — 3a2x + 7a2x = (1 — 34 7)a@2a = 5a2x. 
To subtract similar terms, change the sign of the subtrahend and add. 


A POLYNOMIAL is an expression indicating algebraic addition of two or more dissimilar 


terms. 
Example. Add 9ac — be, 


oe ‘ A sysltae Tab — 3ac, and — 12ab + be. 
Addition of polynomials. Write similar terms Gone Be 


in the same column. Find the sum of the terms in tab — Bac 
each column and add the results. gah athe 
Ans. — 5ab + 6ac 
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Use of parentheses. In solving problems it is often necessary to inclose 
several terms in a parenthesis and such expressions as (5x — 6y) — [—4x+ 
(42 — y) —2z] occur frequently. A parenthesis preceded by a plus sign may be 
removed without change in signs of the terms enclosed by that parenthesis. 
A parenthesis preceded by a minus sign may be removed provided the sign of 
each term enclosed by that parenthesis is changed. First rewrite the given 
expression removing the innermost parenthesis, and repeat until all paren- 
theses are removed. 


Example. (52 — 6y) — [— 4x + (42 — y) — 22] = (5% — 6y) — [— 4x 4+ 42 — y — 2a] 
= 5a — by + 4a — 42 + y + 22 = 9x — By — 2z. Ans. 


One or more terms may be placed within a parenthesis preceded by a plus 
sign without changing the sign of any terms; or preceded by a minus sign 
provided the sign of each term enclosed is changed. 


Example. a+ 2b—c=a-+ (2b—c) =a-— (ec — 2b). 


Multiplication 


The factors in a product may be written in any order. Product of a num- 
ber by itself, a, a4, etc., is called a pPowER of that number. The exponent of 
the product of powers of the same number is the sum of exponents of factors, 
Gide, uae: OPA tS 

To multiply two monomials. Obeying the rule of signs for multiplication 
(see above), write the product of the numerical coefficients followed by all the 
letters in multiplier and multiplicand, each letter having as its exponent the 
sum of its exponents in multiplier and multiplicand. 


Example. (3axz)(— 2a2x)(— 7ax3) = 42a4z5, 


To multiply a polynomial by a monomial, multiply each term of the poly- 
nomial by the monomial and write the algebraic sum of the resulting terms. 
Example. Multiply 52 — 22 — 4y by — 2zy. 522 — Qx — Ay 
— Oe 
— 10x5y a6 4x2y + 8xry2, Ans. 


To multiply polynomials. Multiply the multiplicand by each term of the 
multiplier in turn, and add the partial products. 


Example. Multiply 2 — zy+ybyx2t+y. 

Before multiplication, a polynomial should be arranged a py tae 
according to descending powers of one of its letters, that is,so Sve) a 
that exponents of that letter in successive terms decrease ———=——— 
from left to right. Multiplier and multiplicand should both v8 — xy + xy? 
be arranged with respect to same letter, when possible. vy — xy? + y? 
DEGREE OF A POLYNOMIAL in any letter equals the greatest 2? + y3. Ans. 
exponent of that letter. 


Division 

Formula for quotient of powers of a number, a” + a” = a”~—” (m greater 
than n). 

To divide one monomial by another divide the numerical coefficient of 
the dividend by the numerical coefficient of the divisor, following rule of 
signs in division (see above). Write after this quotient all letters of the 
dividend except those having the same exponent in divisor and dividend, 
giving each letter an exponent equal to the difference of exponents in dividend 
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and divisor. Write any letters in divisor not occurring in dividend under the 
preceding result as a denominator. 
— 36atxb§ 12ax3 a 


Oocrhe =— 4ab. 2 3hes =— 4. 


Examples. 


To divide a polynomial by a monomial, write down the algebraic sum of 
the quotients of terms of the polynomial by the monomial. 


15a2b2 + 9atb3 — 30a6b4 A 
— 30262 =— 5 — 3a2b + 10a4b2. Ans. 


Example. 


To divide one polynomial by another. Arrange dividend and divisor 
according to descending powers 


of some common letter called the x eee. Divide 16x + 1223 — 15 — 22e2 by 
LETTER OF ARRANGEMENT. Di- 19- “'99.2 4 i627 — A rae 
vide the first term of the divi- 55,3 _ 19,2 en ore. 5S Quctiont 
dend by the first term of the —— ya Meee ort ee 
divisor and write the result as a AEB Si 

the first term of the quotient. 10z = 15 

Multiply the entire divisor by 10x — 15 


the first term of the quotient, 

write the result under the dividend, and subtract. Treat the remainder as 
a new dividend, and proceed as before, obtaining second term of divisor. 
Continue until the remainder is zero, or of lower degree than the divisor in 


the letter of arrangement. 


Examples in division should be checked by multiplication, using the formula: dividend = 
quotient times divisor + remainder. 


Important special products. (a + b)(x + y) = ax + ay + ba + by; 
(a + b)(a — b) = a? — b2; (a +b)? = a? + 2ab + b?; (a — b)? = a? — 2ab + b?; 
(ec ta)(a +b) =2?+ (a+ b)x + ab; (ax + b)(cx +d) = acx? + (ad +be)x 
+ bd; (a + b)(@ — ab + 6?) = a3 + 8; (a — b)(a? + ab + 0b?) = a3 — BE. 
These formulas aid in factoring a polynomial, that is, resolving it into other 
polynomials of which it is the product. Suggestions that aid in factoring are: 
(J) look for a monomial factor, and if there is one, separate polynomial into the 
product consisting of the greatest monomial factor and the quotient of the 
polynomial by it. (II) From the form of the polynomial factor determine 
under which of the above types it should be classed and, use the corresponding 
special-product formula to determine the factors. 


Examples. 23 — 4% = x(x2 — 4) = x(a + 2)(x — 2). 
9x22 + 62 +1 = (8x + 1)?. a2 — 5x — 6 = (x — 6)(x + 1). 
15a2 + 16ab + 462 = (5a + 2b)(3a + 2b). 
w§ — 64y12 = (22 — 4y4) (at + 4a2y4 + 16y8. 


7. Fractions 


The following formulas are important: 


a na a+n a —a a a b a+b 


Dic othbunsb He We. int Sp ie Sy eG ¢ 


The value of a fraction is unchanged by multiplying numerator and 
denominator by same number, or by changing the sign of the fraction simul- 
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taneously with the sign of either numerator or denominator. Sum of fractions 
with a common denominator equals a fraction with the same denominator 
and with a numerator equal to the sum of the given numerators. A fraction 
is in its Lowest TERMS when no factor except 1 is common to both numerator 
and denominator. 

To reduce a fraction to lowest terms, resolve numerator and denominator 
into their prime factors, and cancel the factors common to both. (Cancella- 
tion is equivalent to dividing numerator and denominator by the product of the 
common factors.) 


Examples in reducing to lowest terms follow: - 


a m2 — n2 x 4aa—ar}(m + n) m+n 

m3 — n> ote) (m2 + mn + n2) ~ m2 + mn + n2 ane: 
at — zx! tr (a + 2) (a — 2) a2 — x2 

2. = Ans. 


at + 3a2x2 $+ 224 Set (a2 + 2r2) a + 22" 
Addition and subtraction 


Addition and subtraction of fractions with unlike denominators is accom- 
plished by reduction to a common denominator, as in arithmetic. The Leasr 
Common Denominator (L.C.D.) of given fractions is the LrEast ComMon 
Muttipie (L.C.M.) of their denominators, namely, that expression having 
the least number of factors which is divisible by each denominator. 

To find L.C.M., resolve each given expression into prime factors. L.C.M. 
is product of all different prime factors, using each the greatest number of 
times it occurs in any one expression. 


Examples. 1. Find L.C.M. of 6a2b, 9ab2c, 3ab3c3. 

Solution. 6a2b = 2-3-a2b; Qab2c = 32ab2c: 30b3c3 = 2-3-5633, 
L.C.M. is 2°32-5+a2b3c3 = 90a2b3c3, Ans. 

2. Find L.C:M. of ax — ay, 22 + ay, 22 — y2. 


Solution. ax — ay = a(x— y); 2 +2ry=x(ea+y); 2 — y= (x + y) (x — y). 
L.C.M. is gx(a — y)( + y) = ax? — azy2, Ans. 


To find the algebraic sum of two or more fractions (in their lowest terms). 
Reduce the given fractions to equivalent fractions having the L.C.D. Write 
in succession over L.C.D. the numerators of equivalent fractions, inclosing 
each numerator in a parenthesis preceded by the sign of the corresponding 
fraction. In this fraction, remove parentheses, combine like terms, and 
reduce the result to lowest terms, if necessary. 


4x2 — 5 2 — 32 32. — 7 
3020 vont Qu 5x3 


Example. 1. Reduce 


Solution. L.C.D. = 3023. 
Hence, 
(422 — 5)10x (2 — 3x)1522 (3a — 7)6 ag 10a (42 — 5) — 1522(2 — 3x) + 6(3x — 7) 
3x2-10zx Qu-1522 503-6 30x3 
8523 — 3022 — 322 — 42 
= 3028 » Ans, 
2. Red Se ee 
Wis Mee Gols Geter gicalmeeey: 


Solution. L.C.D. = x(x — 7). 
2 3(« — 7) 3a Dea (aa ee aoe 23 


Hence, 23 5 be ee 
Ome ele — 7) ala = 7)" 2(@@ = 7) a(@ — 7) 2 — 7, Ans. 
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Multiplication of fractions follows the formula : x , =< = Numerators 


and denominators must be resolved into prime factors and the common factors 
in the products of numerators and of denominators canceled. 
Division of fractions. Invert divisor, and proceed as in multiplication, 


2+2-—30 «2 — 25 
+52 —6 ° 22-62 + 5° 
Solution. Factoring, ® 


Example. Reduce 


fom} (z — 5), fo S(e + 5) (z= Shep — 55 
er} (2 — 1) 7 fen -— 1) ete +5) oe + 


8. Equations 


An equation is a statement of equality between number symbols. In 
algebra, equations contain certain letters, called UNKNOWNS, and it is desired 
to find numerical values te be assigned to these unknowns such that the 
equations are satisfied. This process is called soLVING THE EQUATIONS. The 
following statements suggest methods for simple equations. If the same 
number is added to, or subtracted from, each member of an equation, the 
result is an equation. If each member of an equation is multiplied or divided 
by the same number, the result is an equation, 


Example. Solve the equation 5z — 8 = 2x + 19 for z. 


Solution. Subtracting 2x from each member, 32 — 8 = 19. 
Adding 8 to each member, oe = 27; 
Dividing each member by 3, m=) 9... Ans. 
Check. Substituting « = 9 in given equation, 5(9) — 8 = 2(9) + 19, or 37 = 387. 


The first of the preceding statements is replaced by the RULE roR TRANS- 
POSITION of terms from one member to the other, which is: A term may be 
omitted from one member of an equation, provided the same term with sign 
changed is written in the other member. 

Equations often contain other letters beside the unknowns. In solving 
such equations, called LITERAL EQUA- 
TIONS, answers will usually involve the 
other letters. Unknowns are gen- Swtion. Transposing 

az — bx = 2a2 — 2ab 
erally denoted by letters near the end — practoring first member, 


Example. Solve aa -+ 2ab = 2a2 + bz. 


of the alphabet, as x and y. Equations (a — b)x = 2a2 — 2d. 
containing fractions are CLEARED OF 2a —2ab 
FRACTIONS when both members are Ree era oe 


multiplied by the L.C.M. of the de- Check. a-2a + 2ab = 2a? - 


nominators of the fractions. 2a? + 2ab 


A LINDAR EQUATION (OR EQUATION OF FIRST DEGRED) is one in which the unknown does 
not appear in any denominator, and its first power only is involved. A QUADRATIC EQUA- 
TION (OR EQUATION OF SECOND DEGREB) is one which, when cleared of fractions, involves the 
square of the unknown but no higher power. 


Many quadratic equations can be solved immediately by factoring. 
Transpose all terms to the first member. Factor this, set each factor contain- 
ing the unknown equal to zero, and solve the resulting equations. 

Algebraic methods are widely used for solving problems expressible in 


form of equations, 
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Example. An automobile makes a run of 120 miles. The driver on the return route 
increases the speed by 5 mi. per hr., and reduces the time by 4 hr. Find speed going and 
returning. 

Solution. Let « = speed (mi. per hr.) going, then z + 5 = speed (mi. per hr.) returning. 


Ore, ; ' " ; +120 120 1a 
Also aaa time (hr.) going, and Pir rm = time (hr.) returning. .. we 2 


L.C.M. of denominators is «(a + 5). Multiply both members by this 
120(a + 5) = 1202 + 4x(@ + 5). 
Transposing and reducing, 22 +52 —150=0. Factoring (# + 15)(* — 10) = 
"¢+15=0,0orz=— 15. x — 10 = Ofor x = 10. 
Disregarding the negative answer, speed going is 10 mi. per hr.; speed returning, 15 mi. 
perhr. Ans. 


9. Simultaneous linear equations 


System of two equations with two unknowns. The typical form to 
which such a system can be reduced is ayz + biy = ¢1, dow + boy = co. The 
system may be solved by (a) ADDITION and SUBTRACTION, or by (b) SUBSTITU- 
TION. (For determinants, see Art. 14.) In either case, the principle used 
is to obtain from the given equations one equation containing only one of the 
unknowns (ELIMINATION of the other unknown). 

Equations of a system are INCOMPATIBLE when there is no common solu- 
tion} DEPENDENT when there is an indeterminate number of solutions. Thus 
x + 2y = 4, and x + 2y = 8 are obviously incompatible, while « +2y = 4, 
and 2x + 4y = 8 are dependent, the second arising from the first by using the 
multiplier 2. 


Example. Solve the simultaneous equations: (1) 5% — 3y =— 1, (2) «+ 2y = 5. 
(a) Solution by addition and subtraction: Eliminate x by multiplying members of (2) by 5: 
(ip "bs —Ssy-s— £ 
(8) * ‘Se =F L0y => 25 
Subtract: — 138y =— 26. Sf Dh 
Substitute in (2): 2+4=5. Sele 
(b) Solution by pase Solve ou for x, giving « = 5 — 2y. Substitute in (1): 
5(5 — 2y) — 3y = 1. .-— dy =— 26. y = 2. 


System of three ade with three waders 


Example. Solve the simultaneous system 
Ql) 44 —2y+2=9, (2) 8e+y+ 22 = 138, (8) 224+ 3y=— 32 =— 2. 
Solution. Eliminate y from (1) and (2), and (2) and (3). 


(1) a ECS ree ON (3) 22 + 3y —3z=— 2 
(2) times 2 e+ 2y + 4z = 26 (2) times 3 9x + 3y + 62 = 39 
(4) Add 10x + 52 = 35 (5) Subtract, — 7x — 92 =—4] 


Solving (4) and (5) for x and z, « = 2,2 = 3. Substituting in (1), y = 1. 

Check. Substitute values found in (2) and (3). 

A system of any number of linear equations in an equal number of 
unknowns may be solved in a similar manner by eliminating one variable 
from the system, thus reducing number of equations and number of variables 
by one, then another variable from the new system, etc. As in the case of 
two variables, incompatible or dependent equations may be contained in the 
given system or reduced system. 


10. Quadratic equations 


Typical form for quadratic equations is az? + bz +c=0. The equation 
has two solutions or ROOTS, x, and x». 


Solution by formula. 
wy = (—b +V 8? — 4ac 4ac)/2a, v2 = (—b —Vb? — 4ac) /2a. 


Sum of roots, «1 + 2, = —b/a. Product of roots, xz. = c/a. 
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Solution of a quadratic equation may lead to roots which are IMAGINARY NUMBERS, that 


is, numbers involving the square root of a negative number, e.g., 3 HEN al th 11. Numbers 
not imaginary are*called REAL NUMBERS. The equation has EQUAL RooTs when b2 — 4ac = 0; 
IMAGINARY ROOTS when b2 — 4dac <0. (See p. 1364.) 


Solution by factoring. See Art. 6. A formula sometimes useful in 


factoring is 
b = V6? = 4c ( b+ Wb? — 4ac 
2a wach 24a ‘ 


Solution by completing the square. Transpose terms containing x to 
first member and other terms to second member. Divide both members by 
the coefficient of z?. Add to both members the square of half the coefficient 
of x, thereby making the first member a perfect square. Rewrite the equation, 
expressing the first member as a square, and reduce the second member to its 
simplest form. Extract the square root of both members, writing the sign + 
(plus and minus) before the square root of the second member, thus obtaining 
two linear equations. 


cot babe = a(n + 


Example. Solve 222 -—-9r+4= Successive steps give the equations, 
222 — v8 =— a a2 — %r =— 2; ae — %x + (94)2 =— 2 +4 (94)2; ( — %4)2 = 4% 6; 
0 =Ailj 

Bo as “EK =4,andz=%—%=¥%¥. Ans. 

Check by substituting « = 4 and xz = 1} in the given equation. 


System involving a linear and a quadratic equation, two unknowns. 
A quadratic equation in two unknowns contains one or more terms of the 
second degree (such as x?, xy, y”), but no term of higher degree in the unknowns. 
(The DEGREE OF A TERM IN & AND y/ 1s the sum of the exponents of these letters.) 


To solve a system of the kind named, solve the linear equation for one unknown in 


terms of the other, substitute this = 
eulue fnsthe-quadiate Squdtion Example. Solve the system (1) x2 + 3ry = 25, 
at! = 2 = — 2 SS) = 
and solve the resulting quadratic (2) 2m a5 ¥ 10. From (), gy 10 hes Sub 
stituting in (1), 22 + 3x(10 — 2x2) = 25; reducing, 


equation in one unknown. Sub- 
ot a— 62+ 5 5 


j A . 5= On Solving, «2 = 1 and 5. Sub- 
giivate each root of this equation stitute in (2): y = 8 and 0. Check. Substitute 


SEE aha aed i eran wa in (1) corresponding pairs of solutions x = 1, y = 8, 
andz = 5,y = 0. 


unknown, 


11. Graphs of equations 


Definitions. Draw two lines at right angles to each other, as X’OX, 
called X-axis, and Y’OY, called Y-axis, as in Fig. 18. Construct a NUMBER 
scaLe (Art. 6) on each line, point O being 


iG 
marked zero on both. Length of a division on sh sce ZI) 
1+) ? 
P. 


the scales, called UNIT OF LENGTH, is (usually) 
the same on both axes. From any point (not 
on either axis) draw lines parallel to each axis, 
terminating in an axis. Distances parallel to 
X-axis are called apscissas, and are positive 
when to the right of Y-axis, negative on the 
left. Distances parallel to Y-axis and called 
ORDINATES, and are positive when above the 
X-axis, negative when below. For any point, Fie. 18 

the two distances are called co-oRDINATES of eine 

the point, and their lengths are written in parenthesis, as (3, —4), the 
abscissa first. Axes divide the plane into four QUADRANTS, as marked 
in the figure. Signs of co-ordinates for points in different quadrants 
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are indicated in parentheses. Every point (including those on axes) corre- 
sponds to a pair of real numbers, namely, its co-ordinates. Every pair of real 
numbers will determine a point, of which the given numbers are the co-or- 
dinates. The point O, whose co-ordinates are (0, 0) is called the orrGin. 
Locating points with given co-ordinates is called PLOTTING POINTS. Axes are 
called aXES OF CO-ORDINATES, X-axis is the AXIS OF ABSCISSAS, and Y-axis the 
AXIS OF ORDINATES. (5) 

Graph of linear equation in two unknowns. An indefinite number of cor- 
responding pairs of values of x and y can be found to satisfy a linear equation 
in these unknowns. It can be shown that all such points lie on a straight line 
(See Art. 46). This line is called the cRapH oF THE EQUATION. The graph of a 
linear equation in one unknown, as x = 3, is a 


straight line parallel to the Y-axis, 3 units to P 4 | i y 
the right. Graph of y = —1 is straight line | 
parallel to X-axis, 1 unit below it. 0 2 OES? 
1 224 —1 1% 
Example. Draw graph of 22 — 3y + 6 = 0. 2 37 —2 34 
Solution. Solve for y, y = 34x + 2. Assume values 3 g: Se 0 
for z, calculate corresponding values of y, arranging in ete. ete. ete. ete. 
table. Plot points, and draw line through them (Fig. 19). hi 


Graphical solution of system of two linear 
equations, two unknowns. Plot straight lines 
which are graphs of the given equations. Co- 
ordinates of the point of intersection are numbers 
satisfying both equations, hence the solution. 

Graph of a quadratic equation. Given a 
quadratic equation in one unknown with the 
second member zero, as ax? + bx +c = 0, all 
points whose co-ordinates satisfy y = ax? + 
bx +c lie on a curve (a parabola, see Art. 49), 
called the GRAPH OF QUADRATIC EQUATION. Real 
roots of a quadratic equation are abscissas of points at which the graph 
meets the X-axis. (y = 0 for these values of x.) Graph of ax? + be +¢ = 
0 will cross, touch, or not meet the X-axis accord- 
ing as the roots are real and unequal, equal, or 
imaginary. 


re? 19: 


Fig. 20 shows graph of x2 — 2x —3 = 0. Roots are 
3, — 1. 


See oe 
ae 
DERESHS 


Graphical solution of a quadratic equation. 
Write the equation in the forma? = ax +b. Plot 
the parabola y = x, and the straight line y = 
ac-+b. Abscissas of points of intersection are 
the required roots. 


- ny 
| 
|_| 
|_| 
|| 
[| 
[| 
| 
A 
| 
(a 
| 
|_| 
Ge 


12. Graph of numerical equation of higher degree 
(than 2) in one unknown 


Location of real roots. Typical form of equa- 
tion of degree n is Fic. 20. 


(A) ainetes Gar—) Fagg ee, Geet oe Qn = 


(Reference is made below to this equation as ‘‘equation (A)’’.) It is assumed 
hereafter that ail terms in an equation have been transposed to the first 
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member. (6) The curve passing through all points whose co-ordinates satisfy 
the equation obtained by setting y equal to the first member is called the graph 
of the equation. The abscissa of any point of intersection of the graph and the 
X-axis is a real root of the equation (y = 0). Plotting the graph will often 
show the existence of one or more real roots, either integral, or lying between 
successive integers. For a short method of calculating ordinates, see Synthetic 
division, Art. 18. 


Art. 13. Theorems on equations of degree n 


_ Remainder theorem. When a polynomial in z is divided by x — (r), 
the remainder obtained is the value of the polynomial resulting when r is sub- 
stituted for x. 

Example. When 3x3 + 422 — 6r + 5 is actually divided by « — 2, the remainder is 33. 
For « = 2, 3.23 + 4.22 — 6.2 +5 = 244 16 — 12 +5 = 33 = remainder. 

Linear factors and roots. A number r is a root of an equation with all 
terms transposed to the first member when and only when that member is 
exactly divisible by x minus the number 7, 7.e., by (ec — r). Roots of numer- 
ical equations of degree greater than two may often be found by trial. The 
remainder theorem states, for example, that trial of 3 as a root of 3x3 + 622 
— 8x + 4 = 0 may be made by dividing the first member by x — 3, instead 
of substituting x = 3. Application of the theorem is made easy because of an 
abbreviated method of dividing a polynomial by a linear factor of the form 
x — (r). The method is called syntHEtic piviston. To divide a polynomial in 
x by a linear factor of the form x — (r), write down the successive coefficients 
G, Q1, G2, etc., of descending powers of the polynomial in a horizontal line from 
left to right. Bring down the first coefficient a. Multiply a by r and add 
the product to the second coefficient a. Multiply the sum (aor + a1) so 
obtained by 7, and add to the third coefficient a2. Continuing this process, 
the last sum will be the remainder, and the preceding sums from left to right 
the successive coefficients of descending powers of the quotient. 

Explanation. The number 2(=r) is bracketed to the right of the line of coefficients. 


The first coefficient 3 is written down below the original ones. Multiply it by 2 and add the 


product (3 X 2 = 6) to the sec- od 
ond coefficient 4. Multiply sum Example. Divide 3x03 + 4x2 — 62 + 5 by « — 2. 


(4 +6 = 10) by 2, and add the Solution 3+ 4— 6+ 512 


product (10 X 2 = 20) to the + 6+ 20 + 28 

third coefficient —6. Continuing, eS me Fy en Be 

the last sum 33 is the remainder, 3 + 10+ 14 + 33 = Remainder 
and the preceding sums 3, 10, and ee area 

14, are successive coefficients of Coefficients of quotient, 322 + 10x + 14, 


the quotient 3x2 + 10x + 14. u 
Wote. If powers of x are missing in the given polynomial, their places must be supplied 
to zero coefficients. Thus to divide «3 + 8 by x + 2, write 23 + 8 = x3 + 0-22 + O-a + 8, 
anda +2=2-—(—2). Hencetheworkis 1 0 0+8|-2 
—2+4-8 


1P—2>4 0 
7.23 + 8 = (a2 — 2x + 4)(@ + 2). 


Synthetic division should be used to calculate the ordinates of a graph. 
Example above shows that the graph of 323 + 422 — 6x + 5 = O passes through (2, 33) 
the value 33 being found by synthetic division. 


Number of linear factors and roots. An equation of degree n has precisely 
n linear factors of the form « — 7. Since each factor corresponds to a root, 
an equation of degree n has n roots. A linear factor may be repeated (twice, 
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three times, ete.), in which case the equation has a MULTIPLE ROOT (DOUBLE 
ROOT, TRIPLE ROOT, etc.). If 71, 72,..., Tn are roots of the equation (A), 
(page 1362) it may be written 


(B) ala —m1)(2 —fr2) ..- (© —Tn) = 0. 


Relations between coefficients and roots. In an equation in which the 
coefficient of the highest power is unity, the coefficient of the second term 
with sign changed equals the sum of ail the roots; the coefficient of the third 
term equals the sum of all products formed from two of the roots at a time; 
the coefficient of the fourth term with sign changed equals the sum of all the 
products formed from three of the roots at a time; ete. When the degree is 
even, the last coefficient equals the product of all roots; when odd, the last 
coefficient, with sign changed, equals the product of all roots. 


Imaginary roots. If the imaginary number a + BV =I (a and b being 


real numbers) is a root of an equation with real coefficients, a — bV —1 is 
a root also. Imaginary roots occur only in conjugate pairs in equations with 
real coefficients. 

The imaginary numbers a + bi/— I, a — b\/— 1 are called consuGATE IMAGINARIES, 
and differ only in sign of the imaginary part. The corresponding factors are x — 
(a + br/— 1), and « — (a — b\/— 1). Their product is 22 — 2ax + a2 + 02, and this 
product is a REAL QUADRATIC FAcToR of the equation, Number a + b1/—1 (a £0) is 
called, more exactly, a COMPLEX NUMBER (Art. 21). 

Integral roots. Every integral root of an equation with integral coeffi- 
cients is a factor of the last term. By this theorem all possible integral roots 
are found in advance by factoring the last term. 

Solution of numerical equation of higher degree by trial. Clear the 
equation of fractional coefficients. If one integral root can be found, a linear 
factor is known, and the quotient is quickly found by synthetic division. The 
remaining roots are roots of the equation obtained by setting the quotient 
equal to zero, an equation of degree less by one than original. Factor last 
term. Since --1 and —1 are always factors, each should be tried for a root 
(by inspection). If either is a root, remove corresponding factor (« — 1) or 
(e +1). Other factors of last term should be tried by Synthetic division. 
When enough factors have been removed to reduce the remaining quotient 
to a quadratic, this may be solved as usual. 


Example. Solve 2x1 — 23 — 922+ 112 +6=0 by trial. 
Try +1and — 1. Substituting these values in turn, neither is 1 


aroot. Other factors of 6 are + 2, +3, +6. Trying + 2, it i 5) 5 ee ey ee 
turns out to be a root. AS ity elit ie de Be 
The equation now may be written re I ee 7 fe ae I 5) 


(x — 2)(@3 + 22 — 7x — 3) = 0. 

The second factor shows that only + 3 or — 3 should be tried. 1! + 1 — 

Try —3. Itisaroot. Equation now is (x— 2) (+3) («2 —2x—1) ES ie a uae 
= 0. Solving for roots of quadratic factor, they are found to 

be 1 +4/2. Hence the roots of the given equation are 2, — 3, Uber iI 0 
14+/2,1-7/2. 

Fractional roots. Equations of degree higher than two with no integral 
roots cannot be solved by the method just explained. Such equations may, 
however, have fractional roots. When the coefficient of the highest power 
is not 1, divide by it. The remaining coefficients may then be reduced to 
integers as follows. After dividing the equation by the coefficient of the 
highest power, write in any missing powers of x with zero coefficients. Insert 
factors m, m?, m3 ... in second, third, fourth, ... terms. Choose for m 
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the smallest integer which will reduce all coefficients to integers. Roots of this 
transformed equation will be m-times the roots of the original equation. 
This transformation is called MULTIPLYING THE ROOTS BY m. Find integral 
roots of transformed equation by trial and divide each by the value of m. 
Quotients are roots of original equation. 


Example. Solve 3624 — 5522 — 35a — 6 = 0. Divide by 36, and write 


Ao ye a 0a Batting 3 fm, xt + O-mxd — mPa? 
wi t+ O-x8 — 36 36 7 6 utting 1n powers of m, x4 + 0-mz3 — 36 _ 
35 


1 
ae” _ a” = 0. Choose m = 6, giving x4 + 0-23 — 55272 — 2102 — 216 = 0. Roots 


of this equation are — 2, — 3, — 4, 9. 
Hence roots of original equation are 


—¥, —', — 3, %. Ans. 
All possible fractional roots may be found in this way because of the 
theorem: An equation in which the coefficient of the highest power is unity, 
and other coefficients integral, cannot have a fractional root. 
Changing signs of roots. If the signs of alternate terms (m = —1) are 
changed, the transformed and original equations have roots differing only in 
sign. 


, 


Incommensurable roots 


Real roots that are neither integral nor fractional may be computed to 
any number of decimal places by various methods. The existence of real 
roots is indicated by the Location THrorEm: Let two real numbers a and b 
be substituted for z in the first member of the equation; if the resulting nu- 
merical values differ in sign, an odd number of roots will lie-between «= a and 
z= b. The graph of the equation must join points on opposite sides of the 
z-axis, hence must cross this axis an odd number of times. (See Art. 11. 
When a and b are successive integers, only one root will, as a rule, lie between 
them. 


na y 
Example. In equation «? — 622+ 3¢+5=0, putting y= the |—1 eB 
first member, corresponding values of z and y are as shown in table. 0 +5 
(Values of y are found by synthetic division.) One root lies between — 1 eal eS 
and 0, one between 1 and 2, and one between 5 and 6. These roots are 2 5 
incommensurable, since there are no fractional nor integral roots. a Bs eek 
+ 6 23 


Horner’s method. Assume a positive root located between xz = h and 
=h +1, where h is an integer not zero. Substitute x = y +h in the 
equation. Roots of this new equation in y 
will be roots of the original equation dimin- Pramplo, edDidcinishatheryoote 
ished by h. (Since y =2—h.) Hence the of a3 — 6x2 + 32 +5 =O by 1. 
equation in y must have a root between 0 17 ad re 4 + eel 
and 1. The first significant figure of this Se re a 
root (in first place of decimals) will be the One, D dniae 
4 


second figure of the root of the original equa- {47 @) = and remainder 
tion. If this root of the equation in y is ae Gi 

located between y = k and y=k+0.1 (k 1(— 3)= 3rd remainder 

ag an integer in the tenth’s place), put The transformed equation is 


zw — 322 —- 62 +3 = 0. (The 
=z+k. The equation in z will have a example shows compact arrange- 


— between 0 and 0.1, and its first signifi- ment of the work by synthetic 
cant figure in the hundredth’ s place will be division.) 
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the third figure of the root sought of the equation in x. This outline of 
Horner’s METHOD FOR POSITIVE ROOTS indicates that a suite of equations 
(A), (B), (C), ... is obtained by transformations which diminish the roots 
by a given number. 

To diminish the roots of an equation by any given number h. Divide 
the given equation by x —h. The remainder is the last coefficient in the 
transformed equation. Divide the quotient obtained by «2 —h. The 
remainder is the coefficient of the next to last term in the transformed equa- 
tion. Continue this process, the last remainder being the coefficient of the 
second term in the new equation. The coefficients of the highest powers are 
the same in the original and*transformed equations. 

Negative roots. Write down an equation with roots differing only in sign 
from those of the given equation (p. 1365), and calculate the positive roots of 
this equation. In locating roots greater than 10 and less than 100, it suffices 
to use the intervals 10, 20, 30, etc. To avoid diminishing by a number greater 
than 10, multiply roots by 0.1 (p. 1364). In the transformed equation, the 
root desired will lie between successive integers. For a root greater than 100, 
multiply roots by 0.01. In reduction by a figure in the tenth’s place, decimals 
can be avoided by first multiplying roots by 10. Similarly for a figure in any 
succeeding place. Diminishing by a figure in unit’s place establishes the sign 
of the first remainder (constant term), which must remain unchanged in the 
succeeding equations. The correct figure in a decimal place (not tenth’s place) 
may usually be found by rejecting all but the last two terms of the equation, the 
assumption being that the value of the terms rejected will not affect the result. 
Caution must be observed in doing this, however. At a certain stage more than 
one figure can be found by dividing the last by the preceding ceofficient (with 
sign changed). 

Example. Calculate the root of 2x3 — 6x2 + 3x +5 =0 lying between 1 and 2. 
Solution. Diminish the roots by 1. New equation is 23 — 322 —-6x+3=0. This 


equation has a root between 0.4 and 0.5. Diminish 4he roots by 0.4. 

1 — 3.0 — 6.00 + 3.000 | 0.4 
+ 0.4 — 1.04 — 2.816 

1 — 2.6 — 7.04(+ 0.184) 
+ 0.4 — 0.88 i 

= (a0) 
+ 0.4 

1(— 1.8) 


The transformed equation is x3 — 1.822 — 7.927 + 0.184 = 0. It has a root between 
0 and 0.1. Neglecting the two first terms, — 7.92% + 0.184 = 0, 2 = 0.02. Diminish by 
0.02. Transformed equation is 73 — 1.7422 — 7.9908zr + 0.024888 = 0. The root of this 


: 4 0.024888 
equation between 0 and 0.01 isa = 79908 = 0.003. Hence root is 1.423 to three places. 


The last division may be carried farther. 2x = 0.024888 + 7.9908 = 0.00311. Value 
of rejected terms (#3 — 1.7422) for x between 0.003 and 0.004 lies between — 0.000015 and 
— 0.000028, therefore three figures may be found by division. The root is 1.42311 to 5 
places. 


Number of real roots. When two consecutive coefficients in an equation 
have like signs a PERMANENCE OF SIGN is said to occur, if unlike signs, a VARLA- 
TION OF SIGN occurs. Derscartss’ RULE or Siens states that the number of 
positive roots cannot exceed the number of variations of sign, nor can the 
number of negative roots exceed the number of permanences of sign. Exist- 
ence of imaginary roots may often be established by this rule. 


Example. In x + 5a +7 = 0, no variation of sign occurs, therefore there is no 
positive root. Writing in x2 with coefficient — 0, signs are + — + ++, only one permanence, 
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hence not more than one negative root. Equation has one real root which is negative and 
a pair of conjugate imaginary roots. 

Sturm’s theorem gives a method of determining the number of real roots 
between two numbers « = a,x = b. (5) 

Solution of cubic equation, x3 + 3Hx +G = 0. 

Graphical solution. Plot y = x3, and y = —3Hx—G.  Abscissas of 
points of intersection are roots. 

Formula. Put J = G? + 4H3. 


y sav : 
Case I. J positive. One root only is real, « = — 4G SLA + — 4G EWA 

Case II. J=0. All roots are real and two equal x; = 2V— 4G = 2. 

Case Ill. J negative. Roots all real and distinct. Determine the angle t between 
0° and 180° for which cost =— G/2HV — H. Roots are 2, = 2V— cos Mt, 
a = 2V — H cos (Kt + 120°), x3 = 2V — A cos (14t + 240°). 

To eliminate x2 from ax? + ba2 + cx + d = 0, put z = ax + 1%), or x = (32 — b)/8a. 


Graphical solution of any equation. Transpose such terms to second 
member as may be desirable, plot y = first member, and y = second member. 
Abscissas of points of intersection of graphs are roots. 


14. Determinants 


Formulas for solving linear systems can be written down in compact form 
by use of determinants, which are arrangements of numbers in the form of 
squares. (5) Examples and definitions are as follows: 


Second order. OI | een hon ashi 
az bo 
Third order. a by cr DpiGa ey gy OMe Ne gant ct 
ag beco| = ay | 63 ¢3 “| b3 ¢3 be ca 
a3 bg c3 


= aybocs — aibgcg — agbic3 + agb3c1 + agbicg — azbec1. 


Fourth order. | a bi cy di 


ay bec, d2| _ bz co dg bye dy 
a3 bg C3 dz ae bs C3 dz | Sey b3 C3 dz 
a4 bg c4 dy by c4 d4 ba cq d4 
by cy dy by.cy dy 

++ a3 | be cg do | — as | bo ce do 

| b4 ca dg | b3 ¢3 dg 


The numbers are called mLemENtTs. If the row and column in which an 
element lies are erased, the determinant remaining is called the conrESPOND- 
ING MINOR of that element. ‘The value of a determinant is expressed as a 
sum of products of successive elements of a row (or column) by corresponding 
minors with alternating signs, as shown above for the elements of the first 


column. 
Solution of linear systems 


Two unknowns. ajr + byy = c1, agu + boy = cp. 


be) leony ay by a Ch ay by | J 
C2 by dz be |” a2, C2 az be 
Three unknowns. ax + bry + ciz = dy, age + boy + coz = do, age + b3y + c3z = dg. 
ay 61 cy dy by c1 ay ay cy ay by dy 
D = | ag beco| #0. dy, bg co ag, dg cy ag be dg 
a3 bs cs z=|dz3b3c3|, y= |a3dgcez3|, & = | a3b3 de 
D D D 


Similar formulas hold for any number of unknowns. 
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Properties of determinants. (1) Interchanging the corresponding elements 
of two columns (or rows) changes the sign of the determinant. (2) Jf cor- 
responding elements of two rows (or columns) are identical, the determinant 
is zero. (3) Columns may be changed to rows and rows to columns. (4) 
If all the elements of a column are multiplied by a number m, the value of the 
determinant is multiplied by m. (5) The value of a determinant is unchanged, 
if the elements of a column are multiplied by m and added to corresponding 
elements of any other column. 


15. Logarithms 


Exponents. For any numbers m, n, the following formulas hold:— 
an xX qt = git. a™/a® = a™—™; (a™)® = am. g0 = 1; 1/a® = a~®; a™™ 


L r ft T Tig 
a(n ee ar =Va; Va xX Vb =Vab (r a positive integer). 
Radicals. A radical is an indicated root of an algebraic or arithmetic 
expression. Operations with radicals are performed by changing to expo- 
eae 1/r 
moter Va = A 


Example. V2 x V/3 = 2% x 378 = 296 x 376 = (21) x (g2)76 = 8'6 x 978 = (72)76 
= W72. Ans. 


Division by radicals may be avoided by RATIONALIZING. 


V8 END 2 
Example. Tocompute ey multiply numerator and denominator by 5 LBW) 3, 
Bp ce 
This rationalizes the denominator, for (V5 ~ V/3) (V5 +3) = 5 — 3 = 2, hence the value 
(V3 +V2)(V5 +V3) = 14(3 +V6 +10 +V'15). 


Logarithms are exponents of a given number called the Base. (5) The 
system commonly used, comMON LOGARITHMS, has the base 10. (See also 
Art. 4.) The common logarithm of any number is the exponent or power 
to which 10 must be raised to equal the number. If 10” = N, then x = log N. 


From 102 = 100, and 0.1 = 440 = 10~1, it appears that log 100 = 2, and log 0.1 =— 1. 
Also 109 = 1, ..log1 =0 


From 10° = m, 10” = n, multiplying, 10°°Y = mn. Hence the logarithm 
of a product equals the sum of the logarithms of the factors. For other rules 
see Art. 4. ‘ 

Any number may be written as the product of a number between 1 and 10 
multiplied by an integral power of 10, positive or negative. The logarithm 
of a number between 1 and 10 is a number between 0 and 1. Hence the 
logarithm of any number may be written as the sum of a decimal (less than 1) 
called the mantissa, and an integer (positive or negative) called the cmarac- 
teristic. ‘Tables of common logarithms give logarithms of numbers from 0 
to 10 (log 0 = ©) to three, four, five, or more places of decimals (THrEE- 
PLACE, Four-pPLACH, Fivu-pLace Tasius). (See Table 16 and “Use of 
Tables,” Art. 75.) 

Natural, or Napierian, logarithms. The base of this system is 2.71828 
- . . (to five places), denoted by e¢. 10°-43429-- + = 2.71828. Common 
logarithm equals the natural logarithm times 0.43429, which number is called 
the MopuLUS of the common system. Natural log = common log times 
2.3026. The abbreviation Nap Log is used for natural or Napierian logarithm, 
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16. Permutations and combinations 


A PERMUTATION of any number of things is a group of some or all of them, 
arranged in a definite order. (6) The number of permutations of m different 
things taken rat a time is the product of successive decreasing integers 
from m down to m —r-+1. The number of permutations of m different 
things taken all tagether is the product of all integers from 1to m. The 
product 1-2-3-...-m is called racrortau m, and written m! The formula 
for the number of permutations of m things r at a time is m!/(m — r)! 

A COMBINATION of any number of things is a group of some or all of them, 
without reference to order in the group. The number of combinations of m 
different things r at a time equals the number of permutations divided by 
factorial 7, namely m!/(m —r)!r!. Given two groups of m and n things 
respectively, the number of selections (combinations) of r + s things, r from 
first group and s from second group equals m! n!/(m — 7)! (n — s)!r! s! 


17. Chance 


The pRoBABILITY that an event will happen is the ratio of the number of 
favorable cases to the whole number of cases that can occur. (6) 

Example. From an urn containing 5 black and 4 white balls, 3 balls are drawn at 
random. What is the probability that 2 will be black and 1 white? 

From 9 balls 3 may be drawnin 9 X 8 X 7/3! = 84 ways. (This is the number of com- 
binations of 9 things 3 at a time.) The number of favorable cases (formula above) is 
5! 41/3! 312! = 40. Hence the required probability is 40/84 = 10/21, 7.e., 10 chances in 21. 

if the probabilities of two events are a and b, respectively, the probability 
of simultaneous occurrence is ab, and of occurrence of one or the other is 


at 6b. 


Example. The probability of drawing a knave from a full pack of cards is 1/13. The 
probability of drawing a spade is 1/4. Hence the probability of drawing the knave of spades 
is 1/13-1/4 = 1/52. Probability of drawing a knave or an ace is 1/13 4+ 1/13 = 2/13. 


18. Progressions 


An arithmetic progression is a sequence of terms each of which differs 
from the preceding by the same number d, called the COMMON DIFFERENCE. 
If n = number of terms, a = first term, / = last term, s = sum of n terms, 


then 1 =a + (n —1)d, and s = = (a +1). ARITHMETIC MEAN of two 


numbers is half their sum. 

A geometric progression is a sequence of terms each of which is obtained 
from the preceding by multiplying it by a fixed number r, called the Ratio. 
If n = number terms, a = first term, 1 = last term, s = sum of m terms, then 
lL = ar®7}, 5s = (rl — a)/(r — 1). Guommrric MEAN of two numbers m, n is 


V mn. 
19. Binomial theorem 


The binomial theorem is a formula for expanding a power of the sum of two 
terms. 


(in —1 - n(n —1)(n—-2), , 
(a +b)” = a® + na®—1b +- mn — Dan 2p2 ipa aa ae TS wea ee 


If n is a positive integer, the right hand member contains n + 1 terms and the 
last term is 6”. The product of the coefficient in any term and the exponent 
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of a in that term divided by the exponent of b increased by 1 gives the coeffi- 

cient of the next term. If m is not a positive integer, the sequence of terms of 

the second member does not terminate but leads to an INFINITE SERIES. 

The formula holds then only when | b| <|aj|. (See under Series, Art. 62.) 

n(n —1) n(n —1)(n —2) n(n — 1)(n — 2)(n — 38) 
1:2 2 1sBesn al? _ A! 


Coefficients 1, n, ete. 


. . n 
are called BINOMIAL COEFFICIENTS. A convenient notation is n = (1). 


eth (n —1)(n = 2 rein 
oS ; ihe (3), is - 4 des (;) ,ete. Whenn = a positive integer, 
: 72°03 : 


the rth coefficient from the beginning and the rth from the last are equal. 


Binomial coefficients 


ToC) els paclanee) 
2 | 3 4 e 
0.1 —0.0450 | 0.0285 —0.0207 0.0161 
0.2 —0.0800 | 0.0480 — 0.0336 0.0255 
0.3 —0.1050 | 0.0595 —0.0402 0.0297 
0.4 —0.1200 0.0640 =10:20416 0.0300 
0.5 —0.1250 | 0.0625 —0.0391 0.0273 
0.6 —0.1200 0.0560 —0.0336 0.0228 
0.7 —0.1050 0.0455 —0.0262 0.0173 
0.8 —0.0800 0.0320 —0.0176 0.0113 
0.9 —0.0450 0.0165 —0.0087 0.0054 


20. Interpolation 


Series of differences. From a given sequence i, dz, a3, G4, etc., form the 
sequence of FIRST DIFFERENCES d@2 — 41, @; — dQ», etc., obtained by subtracting 
each term from the preceding term. From this sequence a third series of 
SECOND DIFFERENCES may be formed, and so on. 

Let bi, b2, bs, etc., be the series of first differences; 

C1, C2, C3, etce., be the series of second differences; 
di, dz, ds, etc., be the series of third differences. 


The formula for (n + 1)th term of original sequence is dn44 = a: + nb) + 
n(n — 1) n(n — 1)(n — 2) 


12% 1-2-3 di+... Formula for sum (=s) of n terms is, 
ie n(n — 1) n(n — 1)(n — 2) 
Ss = na, + 1-2 b; + 1-2-3 On 


Application of the formula is to cases when differences of a certain order all 


vanish. Jn an arithmetic progression, for example, second-order differences 
are Zero. 


Example. Find the sum of 11 terms of the series 1, 5, 12, 1 ice Saye Gey Re in 
24, 48, 71, etc. 4 @- A297 As NBs 
Solution. ay = 1, by = 4,c1 = 3, dy = 2,n = 11. 3 5 7 9 
s = 11 + 220 + 495 + 660 = 1386. Ans. 2 he ReaD 


8) 
Sums of powers of integers 1, 2,3,... n. 


Sum of first powers = Yon(n + 1). 
Sum of second powers = Yén(n + 1)(2n + 1). 
Sum of third powers = (4n(n + 1))*. 
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Interpolation by differences of higher order. A numerical table usually 
gives values y1, yx, yz,... of a function y corresponding to values 21, x2, 23, 
-.. of x Successive values of x differ by a constant difference d (form an 
arithmetic progression.) From the values of y, form a series of differences 
of the first order, second order, etc., and let D;, Dz, etc., be the first terms, 
respectively, of these series. To interpolate a value of y, say y’, correspond- 
ing to the value xz’ = 24, + rd(d = 2 — t1, tT <1) of x between 2 and 2, 
use INTERPOLATION FORMULA, 


r(r — 1) r(r — 1)(r — 2) 
1-2 Dr ios 


yo =y+rDi + Dyes. 


Differences above a certain order are assumed very small. 


If differences above the first order are negligible, the formula (y’ = y’ + rD\) becomes 
the usual proportion (y’ — yi) : (e& — m1) = (yz — y1): (x2 — 2), for INTERPOLATION BY 
FIRST DIFFERENCES. 

In using the above formula attention should be paid to the remarks under ‘‘addition” in 
approximate computation (Art. 1). 


21. Complex numbers 


If a and 6 are real numbers, a + bV — 1 is a coMpLEX NUMBER. Write 


1= 627}, a2 = —1. Number 7 is called twmacinary unit. When a = 0, 
the complex number is a pure imaginary, or simply imaginary, number. 
Complex numbers differing only in the sign of the imaginary part are said to 
be consucatre. Point with coordinates (a, b) represents a + 6 graphically. 
(Fig. 21.) Real 
numbers are repre- 
sented by points on 
X-axis (number 
scale), imaginary 
numbers by points 
on Y-axis. Formal 
laws of operation in 


algebra apply to 
ae numbers, remembering always that 2? = —1. This representa- 


tion of complex numbers is a counterpart of the number scale for real 


bers, Art. 6. a 
adic The sum of a + bi and a, + bit is (a + a1) + (0 + bi)t. 


i i i he sum of numbers represented by P 
truct graphically point Q corresponding to t 1 
ee CATR OPQP;. (Fig. 22.) Regarding OP and OP, as vectors, the 


operation of addition is VECTOR ADDITION. 


Subtraction. Difference of a + bi and a + bit is (a — a1) + (6 — didi. 


To construct corresponding point Q, plot P1/(— a, — bi), and draw parallelogram 


‘ i " 3. . . 
i ee and amplitude of a + bi are respectively the polar coordinates r and 


6 (Art. 48) of P(a, 6). (Fig. 21.) ; 
r=+Ve@+R=[a+bil. a=rcos0, b=rsiné. 
Bees 6a 3 Roo ae ae and amplitude 9 ANGLE or ARGUMENT. The 


Absolute value ris also called MODULUS, : 4 
amplitude given by a = rcos9,b6 =r sin 6 is a unique angle less than 360°. 
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Multiplication of a + bi and a + bit. Write in polar form a+ bt = 
r(cos @ + isin 6), a: + bit = 71 (cos 6; +78in 1). Then (a + bi)(a1 + bit) 
= rr (cos (@ + 6:) +7 sin (6+ 4,)]. 


The absolute value of the product of two complex numbers is the product of the absolute 
values, and the amplitude is the sum of the amplitudes. Multiplication by 7 has the effect 
of rotating a point through 90°, by 72 = — 1 through 180°, by 73 =— 1, through 270°. 

Division of two complex numbers a + bi and c + di is worked as below. 

a+ bi 2 abhi Ot ac + bd + (be — ad)i 
e+ di\—e + @i ce — di e+ a : 


Absolute value of the quotient of two complex numbers is the quotient of the absolute 
values of numerator and denominator, and the amplitude of the quotient is the difference of 
the amplitudes of numerator and denominator. 


Powers and roots. Fora positive integer n, (a + bi)” = r"(cos @ + 7 sin 6)” 
= r"(cos né + 7 sin 7). 


Whenr = 1, this is known as DEMorvre’s THEOREM. 
fal 


Aiee i None PAR) Bes A ee 6/n + isin 6/n). 


In this formula, 0 has n values differing by 360°, namely, 6; (amplitude of a + bi < 360°), 
6; + 360°, 6 + 720°, ..., 6: +(m— 1) 360°. The nth root of a real number has n 
distinct values, one real, the others complex. 

Cube roots of unity are found by setting n = 3, r = 1, 6 = 0, 360°, 720°. They are 1, 
eos 120° + isin 120°, cos 240° + 7 sin 240°, that is, 1, —1/2 +V — 3/2, — 1/2 —V — 3/2. 
Points representing these roots are the vertices of an equilateral triangle inscribed in a circle 
drawn with unit radius about the origin, one vertex being (1, 0). Similarly, the vertices of a 
regular polygor. of n sides inscribed in this circle, one vertex (1, 0), will represent the nth 
roots of unity. 


Exponentials, trigonometric functions, and complex numbers. The relations 
are 
(ee 


e” = cos @ = isin x, 
ang = (e% — @ ©) joe 
cos x = (e + e—*) /2. 
From these relations, e2™' = ale et = cos r +isinec =— 1; emt /2 _ OP ems. at Vi 


= cos 7/4 + isin 7/4. 


Logarithm of a complex number a + bi = re’ is a complex number, 
logr + 76. Since @ may be replaced by 6 + 2n (n any integer), log (a + bi) = 
log r +7 (8 + 2rn). Points representing log (a + bi) lie on a line parallel to 
Y-axis, to the right a distance equal to log r. 


22. Precision of measurements. Least squares. Probable error. 


Tf a number of measurements are made to determine directly the unknown 
magnitude of a certain object, all measurements being made with equal skill 
and care, the MosT PROBABLE VALUE of the unknown is the arithmetical mean 
of all the measurements. That is, with m measurements x, 2%, v3... on 
the most probable value xo is x» = (a1 + a +23 +--+ + + ap)/n. (6) 

The basis for this assumption is that, on the average, errors in excess (POSITIVE ERRORS), 
and errors in defect (NEGATIVH ERRORS) are evenly balanced, so that the sum of the errors 
is zero. If the unknown magnitude is 2, it ean be readily shown by Caleulus (Art. 57) that 
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the most probable value is that for which the suM OF THE SQUARES OF THE ERRORS, Viz.: 
(v1 — 2)?-++ (wg — w)2 + .... + (ay — x)2isaminimum. Hence the name LAST SQUARES. 

Weighted measurements. If the method of making measurements 
shows that weights w1, we, etc., should be assigned to measurements Lin Las 
ete., then the most probable value of the unknown is the WEIGHTED MEAN, 
Lo = (wiki + Wate +... . +wytn)/(Wi tur +... . + uy). 

Residuals are differences 2; — x, 22 — x, etc., between the observed 
values and the most probable value, and are denoted by 21, v2, etc. Evidently 
01 =F 2b =. . =o, = 0. 

Probable error of an observation is a number such that the actual error 
of that observation may with equal chances be greater or less than the probable 
error. For example, if a measurement is 30.726 with a probable error of 
+ 0.014, the meaning is that the correct value is just as likely to lie between 
30.712 and 30.740 as outside these limits. The probable error gives a measure 
of the precision of a measurement. Weights to be attached to different deter- 
minations of the same quantity are inversely proportional to the squares of the 
probable errors. Formulas for computing probable error follow. Numerical 
values of residuals are | 2; |, | v2 |, etc., number of observations is 7, 

Probable error (r) of single observation, 


0.6745 


ee a ee +op?. (STANDARD FORMULA.) 
Vn —1 
0.8453 
pee ee eee a +live} +...|v, |). 
? ete 2 | | 


(PETER’S FORMULA, approximate.) 


Probable error (ro) of arithmetical mean, 


0.6745 - ‘: 
Vn: ae Beet eS EY gp a oy 
ft). nm, To Wah ms 1) L n 


ll 


Yo 
(STANDARD FORMULA.) 
(jor | + [v2] +... +] en! ). 


So 
nVn —1 
(PrETER’S FORMULA, approximate.) 


For tables of values of coefficient of parentheses, see (6). 


Example. The following are ten measurements M of the length of a base line. Below 
are given the values of residuals, », and the squares of residuals. 
M: 455.35, 455.35, 455.20, 455.05, 455.75, 455.40, 455.10, 455.30, 455.50, 455.30. 
Mo = arithmetic mean = 455.330, 
O25 02, —. 13, —128;..42, 00,7 — 20, — 03, 17, — 03: ; 
22: .0004, .0004, .0169, .0784, .1764, .0049, .0529, .0009 .0289, .0009. 
Hence v2 + m2 +... + on? = 3610. And |m1[ + ]2[ +... +l em] = 1.40. 


0.6745 ae 
.. by the standard formulas, r = we V 3610 = .13, 7 = r/V 10 = .042. 


9 


0.8453 
By the approximate formulas, r = Map = 12) 7 = 039. 


5 i es is 455.330 with probable error 

For the most probable length of the base line, the result is. 0 
+ .042 (using result given by standard formula), usually written 455.330 + .042. Note 
also that five of the residuals are numerically less than the probable error of a single observa- 
tion. In fact, in any considerable number of observations 1t should be the case that half 


of the residuals are less than the probable erroyr. 
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Probable error of a function of a single measured quantity equals the 
product of the derivative of the function (Art. 56) by the probable error of 
the measured quantity. 

To test a given set of measurements of an unknown quantity, make 
use of the normal distribution of residuals for the purpose of obtaining a com- 
parison of the data of the experiment with results established by theory and 
confirmed by practice. By the table below, the normal number of residuals 
(= y) numerically less than an assumed value (= a) can be written down. 
In the table the number of measurements is n, and the probable error of a 
single observation is 7 


"Table of values of ratio y/n 


a/7 0 1 2 23 4 5 6 7 8 9 

0 -000 | .054 107 .160 | .213 BA sy i | eS 363 .4105 | .456 
1 -500 | .542 582 .619 | .655 S688 (P7195) P7485". 75 . 800 
2 1823 | .843 862 .879 | .8945 | .908 | .9205 | .931 941 9495 
3 .957 | .9635 | .969 .974 | .978 .982 | .985 .987 .990 .9915 
4 .993 | .994 .995 .996 | .997 .998 | .998 .9985 | .9988 | .999 
5 999 

o | 1.000 


Example. In an experiment 40 measurements were made and the probable error of a 
single observation was r = 0.136. For a = 0.05, 


a/r = 0.87. The above table gives y/n = 0.196. : 

Hence y = 7.84, that is, there should be normally 8 a alr y ¥ 
residuals not exceeding 0.05 in numerical value. 

Values of y are tabulated corresponding to assumed 0.00 | 0.00 0.00 

values of a, and under Y is written down the 0.05 | 0.37 7.84 8 9 
normal distribution of residuals for the experi- 0.10 | 0.74 | 15.2 7 6 
ment, namely, 8 residuals not exceeding 0.05, 0.20 | 1.5 27.5 12 12 
7 residuals numerically between 0.05 and 0.10, 0.30 | 2.2 34.5 7 8 
inclusive, ete. Actual numbers of residuals are 0.40 | 2.9 38 s 3 
given in the last columu, and comparison shows a eg oo 40 2 2 
satisfactory result. 


To test whether any measurement should be rejected. Calculate y/n 
by the formula y/n = (2n — 1)/2n, and from the above table find a/r, and 
then a. This value of a gives a maximum numerical value for all residuals, 
and any measurement in which the residual exceeds this value should be 
rejected. 


Example. In the experiment above, n = 40, and y/n = (80 — 1)/80 = 0.987. Hence 
a/r = 3.7, and a = 3.7 X 0.136 = 0.50. No residual should exceed 0.50 in numerical 
values. Maximum residual in the experiment was 0.45. 


Constant errors due to some fixed cause such as conditions under which 
the experiment was made, defects in instruments, personal peculiarity of 
observer, etc., are supposed to have been detected and eliminated before the 
methods explained above are applied. 

Solution of a system of linear equations by least squares. The problem 
of determining the empirical law satisfied by given data (Art. 71) involves the 
solution of a system of linear equations in which the number of equations 
exceeds the number of unknowns. For such a system the question is the most 
probable values of the unknowns. The method of solution of a system with 
three unknowns 2, y, z illustrates the general method. (6) 
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Example. The data of the experiment establish a system of n OBSERVATION HQUATIONS 
with unknowns 2, y, z. Form a system of NORMAL 
EQUATIONS equal in number to the number of un- ac + by + cz +d, = 0 
knowns as follows: (1) Multiply each observation age + boy + te =) 
equation by the coefficient of a in that equation, and si oe a aes 
add the resulting equations. This gives the first nor- i 5 A 7 


mal equation in which aj? + a@2+....+ a2 = [aa]; 

ayb1 + agbg +.... +4 bn = [ad], ete., adopting a con- * ‘ , 0 
venient notation. (2) Multiply each observation ane boyy se ene et dn = "0 
equation by the coefficient of y in that equation, and po PED 7 
add the resulting equations. This gives the second Normal equations 


normal equation. (3) Multiply each observation 
equation by the coefficient of z in that equation, and Leale se rheble ct leelesct ikea] 20 
add the resulting equations. This gives the third and, [ba}x [obly [be]z + [bd] = 0 
in this example, last normal equation. (4) Solve the [ca]lx + [eb]y + [ec]z + [ed] = 0 
normal.equations for x,y,z. For these values, 2’, y’, 2’, 
the sum of the squares of the left-hand members of the observation equations will be less 
than for any other values of z, y, z. 

The problem is to be regarded as one in which n observations are made upon the linear 
function az + by + cz + d of z, y, z, each observation establishing a set of values of a, b, c, d. 
The probable error r of a single observation is given by 


0.6745 


r= Se ig) + v2 + ... + v2, (standard formula), 
Power 
or 
0.8453 a 
r= T(J 0, | + | ve | +... + [on |), (approximate formula), 
Vn(n — 4) 
where 
g = the number of unknowns, 211 = ax’ + diy’ + cy2’ + dy, 
vg = aga’ + boy’ + coz’ + db, etc. 


23. Interest and annuities 


Compound interest. Let P = principal, ¢ = interest on one dollar per 
year, n = number of years, A = amount after n years. Then-A = P(1 +7)”, 
when interest is compounded annually. 

A = P(1 + 7/t)™, when interest is compounded ¢ times per year. Trom 
the first formula, P = A/(1 +7)”, which gives the principal when the other 
quantities are known; n = (log A — log P)/log (1 + 7), giving time. 


Table 29, p. 1488, gives values of A when P = 1, ¢ = 1, that is, gives values of A com- 
puted by the formula A = (1 +7)”. This table can be used also when interest is com- 
pounded more often than once a year by taking i/f as percentage rate, and nf as number of 
years. For example, if interest is compounded semi-annually, halve the rate and double 
the time. To find amount, multiply the number in the table by the principal. Table 30, 
p. 1489, gives the principal which will amount to (present value of) one dollar in a given 
time at a given rate when interest is compounded annually, that is, is computed from 
P=1/1+4+1)”. For interest periods less than one year, proceed as above. To find the 
present value of any sum (discount any sum), multiply tabular number by this sum. (7) 


An annuity is a series of equal payments made at equal periods of time, 
the first payment being made at the end of the first period. Let R = pay- 
ment, 7 = interest on one dollar per year, n = number of years during which 
payments are continued, A = amount of annuity after n years, P = present 
value, then A = R[(1 + 7)” —1]/i, when payments are made annually and 
interest is compounded annually. 


Table 31, p. 1490, gives the amount of an annuity of one dollar for various rates and 
periods. For the amount of an annuity of any sum, multiply the tabular number by the 
sum. Formula for present value is P = R(1 — (1+ 7)~”)/i. Table 32, p. 1491, gives the 
present value of an annuity of one dollar extending over a given period with money at a 
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given rate. Tor the present value of an annuity of any sum, multiply the tabular number 
by the sum. Table 33, p. 1492, gives the annuity which will amount to one dollar in a given 
time at a given rate. (Tabular numbers are reciprocals of those in Table 31.) To find 
the annual payment which will amount to a given sum in a given time at a given rate 
(SINKING FUND), multiply the tabular number by the sum. 

Example. To provide a sinking fund of $100,000 in 20 years if money accumulates at 
4 per cent, the annual sum to be set aside equals 100,000 X 0.033582 (tabular number in 
Table 33 opposite 20 years under 4 per cent.), that is $3358.20. Ans. 


Annuity which a given sum P will purchase, when the annuity is to extend 
over a given period and money is worth a given rate, is found as follows: 
add the given rate in cents to the tabular number in Table 33, which corre- 
sponds to period and rate, and multiply the sum by P. 


Example. For 20 years at rate 4 per cent., the tabular number in Table 33 is 0.033582. 
Adding .04 gives 0.073582. Hence $100,000 will purchase an annuity of $7358.20 terminat- 
ing after 20 years, when money is worth 4 per cent. 


24. Mine valuation (8) 


The annual profit earned by a mine may be regarded as an annuity which 
must provide a dividend return on capital plus an annual sum to be set aside 
for a sinking fund that will amortize the capital. The value of the mine is the 
present value of the annual profit so regarded. If P = the annual profit 
assured for a period of years, value of mine is found as follows: Find the tabu- 
lar number for period and rate earned by payments into sinking fund from 
Table 33, p. 1492. Add the dividend on one dollar to this number and divide 


the annual profit by the sum. (Table 5 is useful to replace division by 
multiplication.) 


Example. Annual profit is estimated at $200,000 for ten years. Payments into sinking 
fund earn 4 per cent. and dividend on capital invested is 7 per cent. Tabular number 
(Table 33) for 10 years and 4 per cent. is 0.083291. Adding dividend rate .07, gives 
0.153291. Reciprocal of 0.1533 (Table 5) = 6.523. Present value of mine = 6.523 x 
200,000 = $1,304,600. Ans. 


To determine the number of years that a given rate of income on capital 
must continue in order to amortize capital, pay a given rate of interest on cap- 
ital, with annual payments into a sinking fund accumulating at a given rate per 
cent., proceed as follows: In Table 33, in the column under ‘ Rate of accu- 
mulating sinking fund,” find the number equal to the difference between the 
rate of income earned and the dividend rate. Then the time required is the 


corresponding value of time in the first column (interpolation may be used if 
justified by the problem.) 


Example. Rate of income earned is 10 per cent., dividends paid 7 per cent., sinking 
fund aeeumulates at 4 per cent. Then from Table 33, under 4 per cent., number 


mes — .07) occurs for a time between 21 and 22 years. (Interpolation gives 21.6 
years. 
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25. Plane figures 


Triangles. The sum of the angles equals 180°. ZXAB is an exterior 
angle of AABC (Fig. 24). The exterior angle equals the sum of the opposite 
interior angles. (ZXAB =ZB+ ZC.) The meptan of a triangle is the 


line joining a vertex to the midpoint of the opposite side. The medians 


Art. 25. PLANE FIGURES 1377 


(Fig. 24) of a triangle meet in a point G, which is the center of gravity of 
the triangle, and G trisects each median. (AG = 24A4D.) Bisncrors oF 
ANGLES of a triangle meet in a point M equidistant from all sides. (Fig. 25.) 
M is the center of the circle tangent to the sides of the triangle, called 
INSCRIBED CIRCLE. M is inceENTER of triangle. The bisector of an angle 
of a triangle divides the opposite side into segments proportional to the 
other two sides. AH: HC = AB: BC. (Fig. 25.) Aurirupes of a triangle’ 
meet in a point, the 

ORTHOCENTER. The per- B 


pendicular bisectors of 
the sides of a triangle yp D 
meet in a point O (Fig. 


26) equidistant from all 
vertices. O is the center Fig. 24. Fie. 25. Fig. 26. 
of a circle passing 

through all vertices, called crrcUMScRIBED CIRCLE. O is CIRCUMCENTER 
of triangle. The longest side of a triangle is opposite the largest angle and 
vice versa. The line joining the mid-points of two sides of a triangle is 
parallel to the third side and half its length. 

Orthogonal projection. In Figs. 27 and 28, AZ is the orthogonal projec- 
tion of AB on AC, BE being perpendicular to AC. The square of the side 
opposite an acute angle equals the sum of the squares of the other two sides 
diminished by twice the product of one of these sides by the orthogonal pro- 
jection of the other side upon it. In Fig. 27, a2 = 62 +c? — 2b-AH. The 
square of the side opposite an obtuse angle equals the sum of the squares of the 
other two sides increased by twice the product of one of these sides by the 
orthogonal projection of the other side upon it. In Fig. 28, a? = b? + c? + 
2b-AH. 

Right triangle (Fig. 29). ZA+2ZB=90°. 2 =a?+6%. The Art 
tupE CE (= h) drawn from vertex of right angle C upon HYPOTENUSE (c), 
divides the hypotenuse into segments AH (=m) and BH (=n). Then 
h? = mn, b? = cm, a? = cn, The median drawn from C equals Mc. 


Cc ‘ a 


A bE CEA wuscr Aime BA 


BG note Fie. 28. Fia. 29. Fira. 30. Lites ils 


Equilateral triangle. (Fig. 30.) Side =a. Each angle = 60°. Altr 
tude, h = % aV3. Radius of the circumscribed circle, R = Yoav 3. Radius 
of the inscribed circle, r = Yav3. 

A trapezoid is a figure bounded by four lines, two of which are parallel 
(Fig. 31). Arrrupe is the perpendicular distance between the parallel sides. 
Mip-.ine (HF) joins the midpoints of the non-parallel sides and equals half 
the sum of the parallel sides. (m = (a + 6)/2). _ 

Sum of interior angles of a polygon equals 180° multiplied by the number 
of sides less two. ; 

Circles. A straight line perpendicular to a radius of a circle at its extrem- 
ity is tangent to the circle. Parallel lines intercept equal arcs on a circle, 
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When two circles intersect, the line of centers bisects the common chord at 
right angles. If two circles are tangent to each other, the line of centers 
passes through the point of contact. 
AREAS OF TWO CIRCLES have the same ratio as the squares of their diameters 
or radii. 
Angle measurement. The angle inscribed in a semi-circle is a right angle. 
The angle formed by two chords in- 
tersecting on a circle (INSCRIBED 


we . EA A 
5 <i Q ae (2a ANGLE) is measured by half the arc 
C PS VoL: intercepted between its sides. 
7 ‘i < In Fig. 32, Z BAC is measured by half 


‘ are BC. 
Fie. 32. Fie. 33. Fie. 34. Fie. 35. The angle formed by a tangent 
and a chord drawn from the point of contact is measured by half the inter- 
cepted are. 


In Fig. 32, Z BAT is measured by 4% are BCA. 


The angle formed by two chords intersecting within a circle is measured by 
half the sum of the intercepted ares. 


In Fig. 33, Z BAC (or HAF) is measured by 14 (are BC + arc HF). 


The angle formed by two secants, or two tangents, or a tangent and a 
secant, intersecting without a circle, is measured by half the difference of the 
intercepted arcs. 


In Fig. 34, Z BAC is measured by 4 (are BC — arc EF). In Fig. 35, Z BAE is mea- 
ees by % (arc BDH — arc BCH). In Fig. 35, Z BAC is measured by 1% (arc BD — are 
is 


Chords, secants, and tangents. In Fig. 33, the product of segments AC 
and AZ equals the product of segments AB and AF. In Fig. 34, the product 
of the whole secant AB and the external segment AH equals the product of 
the whole secant AC and its external segment AF. In Fig. 35, the product 
of the whole secant AD and the external segment AC equals the square of 
tangent AB (or AE). 

Similar figures. Similar polygons have their angles respectively equal 
and the homologous sides proportional. Two triangles are similar if their 
angles are respectively equal, or if their sides are respectively proportional, or 
if they have an angle of one equal to an angle of the other and the including 
sides proportional. Areas of two similar polygons are to each other as the 
squares of homologous sides. 

Regular figures. A regular polygon is one with equal sides and equal 
angles. A circle may be drawn to pass through all vertices of a regular polygon 
(CIRCUMSCRIBED CIRCLE), or to be tangent to every side (INSCRIBED CIRCLE). 
Two regular polygons of the same number of sides are similar. 


26. Geometrical constructions 


To bisect a given straight line AB (Fig. 36). With A and B as centers 
and with equal radii sufficiently great, describe arcs intersecting at C and D 
Draw CD, cutting AB at ZH. Then £ is the mid-point of AB. 

To bisect a given angle CAB (Fig. 37). With A as center, and with 
any convenient radius AD describe an are cutting AC in D and AB in &. 
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With D and £ as centers and with equal radii sufficiently great, describe ares 
intersecting in F. Draw AF. Then AF bisects ZA. 

To erect a perpendicular at a given point (, in a line AB. (1) Lay off 
CD = CE, (Fig. 38), and with D and # as centers and with equal radii suf- 
ficiently great, describe arcs intersecting at F. Draw FC, the perpendicular 
_ required. Or (2), (Fig. 39), take any convenient point D not on AB and with 
radius DC describe a circle cutting AB in H. Draw diameter EDF. Then 
FC is the required perpendicular. 

To drop a perpendicular from a point C to a line AB. (1) With C as 
center and a radius sufficiently great (Fig. 40), describe an arc cutting AB in D 
and HZ. With D and £ as centers, describe arcs intersecting at F. Draw CF, 
cutting AB in G. Then CF is the required perpendicular. (2) When C is 
nearly above one end of the line (Fig. 41), with C as center and radius 5 con- 
venient units describe an are cutting AB at D. Lay off DF equal to 4 units 
and draw CF, the required perpendicular. 


D/'\ ye 
e 1] } 
Ane eB a8 
E (oy YP E 
BIG NSO. Hie: 37. BiG. 38: Fie. 39. Fie. 40. 


To draw a line through a given point C parallel to given line AB (Fig. 42). 
Draw CD perpendicular to AB, and erect a perpendicular CH to CD at C. 
Then CE is parallel to AB. 

To draw a line parallel to a given line AB at a given distance from it (Fig. 
43). With the given distance as radius and with any centers m and n on AB 
describe arcs xy and zw, respectively. Draw CD touching these ares. Then 
CD is the required line. 


Cc akouNe E 
{ 
| 
| 
F DB AD 
Fie. 41, Migs 42. Fia. 43. Fig. 44. 


To divide a line AB into a given number of equal parts (Fig. 44). Draw 
AD making any angle with AB and draw BC parallel to AD. With dividers 
lay off equal lengths on AD and BC a number of times one less than the num- 
ber of equal parts into which AB is to be divided. Number the points of 
division consecutively from A and from B and join as in the figure. The 

ecting lines will divide AB as required. 
To Eo disttiict an angle equal to a given angle ABC when one side FG and 
the vertex F are given (Fig. 45). With center B and a convenient radius 
BD describe are DE. With the same radius and center FP, draw are KL. 
With radius equal to chord DE and with center K draw an are cutting the 
are KL at H. Draw FH, Then HFG is the required angle. 
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To lay out a circular arc of large radius. (Fig. 46.) Let AB be the chord 
of the desired are and MC the height, MC being the perpendicular bisector of 
AB. Draw CB, and at B erect BF perpendicular to CB and BG perpendicular 
to AB. Divide CF, MB, BG into the same number of equal parts. Connect. 
corresponding points of division on CF and MB, and draw lines from C to 
points of division on BG, as in the figure. In this manner as many points on 
the required are can be determined as desired. 

Let CM = h, AB = 2b. Then radius of are = (62 + h2)/2h. 


C 
E LE a 
aN . fan FIG eR 
ae ets ies Mae 70 
B Dhol in E K G A Ma dts & bak 


Fia. 45. Fig, 46. Je 2% 


To bisect a given arc of a circle, draw the perpendicular bisector of the 
chord of the are (Fig. 47). The point in which this bisector meets the arc is 
the required mid-point. 

To circumscribe a circle about a given triangle (Fig. 48). Construct 
perpendicular bisectors of two sides. Their point of intersection is the 
center (circumcenter) of the required circle. 

To inscribe a circle in a given triangle (Fig. 49). Draw bisectors of two 
angles intersecting in O (incenter). From O, draw OD perpendicular to BC. 
Then a circle with center O and radius OD is the required circle. 


Fig. As. Tig. 49. iIG. 00) RIG POL. 


To draw a tangent to a given circle through a given point (P). (1) When 
P is on circle, (Fig. 50), draw radius OP, and construct AB perpendicular to OP 
at P. Then AB is the required tangent. (2) When P is without the circle 
draw a line joining P and O, the center of circle. (Fig. 51.) With OP as 
diameter describe a circle intersecting the given circle at A and B. Draw PA 
and PB. Hach of these lines is tangent to the given circle. 

To draw a common tangent to two given circles, with centers O and O’ 
and unequal radii r and r’,r >7r’. When the given circles do not intersect 
(Fig. 52), to draw a common 
INTERNAL TANGENT, construct a 
circle having same center O as 
larger circle and a radius equal 
tothe sum of the radii of the 
given circles (r-++r’). Construct 
a tangent O’P’ from center O’ 
of the small circle to this 
circle. Construct O’N perpendicular to this tangent. Draw CP’. The line 
MN joining the extremities of the radii OM and O’N will be a common tan- 
gent. The figure shows two such common internal tangents. To draw a 
COMMON EXTERNAL TANGENT to two circles (Fig. 53), construct a circle having 


Fie, 53. 
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a common center with the larger circle and radius equal to the difference of 
radii (r —r’). Construct a tangent to this circle from the center of the 
smaller circle. The line joining the extremities M, N, of the radii of the given 
circles perpendicular to this tangent is the required common tangent. There 
are two such tangents. 


In Fig. 52, MN =V2— (7 +r’)2, when 00’ = c. In Fig. 53, MN =V2—(@ —9))2. 


To divide a given line AB into segments proportional to any number of 
given lines (Fig. 54). Draw AC, making any convenient angle with AB. 
Lay off AD, DH, and EF equal to the given lines m, n, p. Draw FB, and con- 
struct EH and DG parallel to FB. Then AG, GH, HB are the required seg- 
ments. 

To construct the mean proportional between two given lines (Fig. 55). 
Draw a line AC on which AB and BC equal the given lines, a, b. Construct 
semi-circle on AC as diameter. Erect a perpendicular to AC at B, inter- 
secting the semi-circle at D. Then BD is the mean proportional between 
AB and BC, 
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Fie. 54, HIG, oo. ee, GO ee 57. Trig. 58. 


To construct a square with a given side AB (Fig. 56), erect a perpendicular 
at A, lay off AC = AB, and from C and B as centers with radius equal to 
AB describes ares intersecting at the fourth vertex D. 

To construct a square with a given diagonal AC (Vig. 57), draw a circle 
on AC as diameter, and erect the diameter BD perpendicular to AC. Then 
ABCD is the required square. 

To inscribe a square in a given circle, draw perpendicular diameters AC 
and BD (Fig. 57). Their extremities are the vertices of the inscribed square. 

To inscribe a hexagon in a circle, step around the circle with dividers set 
to the radius (Fig. 58). 

To construct a hexagon with a side of given length, draw a circle with 
radius equal to given side, and inscribe a regular hexagon in this circle. 

If the side of a regular hexagon = a, and the distance between parallel sides = d, 
then d = aV3 = 1.7324. 

To draw aregular polygon of any desired number of sides, when one side AB 
is given, draw a semi-circle with radius AB (Vig. 59), and divide this semi-circle 
into as many equal 
parts BC, CD, DE, 
etc., as the required 
polygon has sides. 
Draw a line from A 
through each point 
of division except 
the last, and com- 
plete the construc- 
tion as in the figure. 
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To inscribe a regular pentagon in a given circle, draw perpendicular 
diameters AB and CD (Fig. 60). Bisect radius OC at E. With EF as center, 
strike an arc through A cutting OD at G. Then AG equals a side of the penta- 
gon required. 

To inscribe a regular octagon in a circle, draw perpendicular diameters, 
and bisect each of the four equal arcs determined by the extremities of these 
diameters. 

To convert a square into an octagon, draw diagonals AC and BD, inter- 
secting at O (Fig. 61). With vertices A, B, C, D as centers and radius AO 
draw arcs cutting the sides of the square in eight points. These points are 
vertices of a regular octagan. 


27. Loci 


All points equidistant from a given point lie on a circle whose center is the 
given point. All points equidistant from two given points lie on perpendicular 
bisector of the line joining the 
given points. All points equi- 
distant from the sides of a 
given angle lie on the bisector 
of the angle. Ifa point moves. 
so that the ratio of its dis- 
tances from two fixed points 
remains constant, it will le 
upon a circle. In Fig. 62, 
PA/PB remains constant while 
P describes the circle. Diam- 
eter DE is determined by drawing bisectors of angles APB and BPE. 
(See Art. 25.) If%a side AB and:the opposite angle of a triangle (Fig. 63) 
are given, vertex H# of angle will lie on a circle of which the given side 
is achord. This circle is constructed as follows: Construct Z ABC equal to the 
given angle. Erect BM perpendicular to CB and draw the perpendicular 


bisector DP of AB. The point of intersection of BM and DP is the center 
of the required circle. 


Bre. 62: 


28. Solid geometry 


Common solids. Figures 64-77 illustrate solids of common occurrence. 


Right circular . ; : ; 7 ra i Fight Truncated Truncat 
‘eylinder Right prism Oblique cylinder Oblique prism Parallelepiped parallelepiped prism cylin st 


Fie, 64, Fie. 65. Vic, 66. Fic. 67. Fig. 68, Fic. 69. Fre. 70. Fie. 71. 


j : A B Frustums 
Right circular — Regular Regular Right circular 
Pyramid Cone cone pyramid pyramid cone 


Fig. 72. Figiev73. Hie. 74. Fie. .75. _ Fre. 76... B1G...7:7. 
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Dihedral angle (Fig. 78) is a figure formed by two planes meeting in a line, 
called an EDGE, and not extending beyond the line. The planes are called 
races: The angle formed by two lines (Z ABC), one in each face drawn per- 
pendicular to the edge at the same point, is called the pLANE ANGLE of the 
dihedral angle. Two dihedral angles are equal if their plane angles are equal. 
A dihedral angle is measured by its plane angle. If the plane angle is a right 
angle, the planes are perpendicular and form a RIGHT DIHEDRAL ANGLE. 
Through a given line oblique or parallel to a given plane one and only one plane 
can be passed perpendicular to the given plane. The line of intersection CD 
(Fig. 79) is the ORTHOGONAL PROJECTION of line AB upon plane P. The 
ANGLE BETWEEN A LINE AND A PLANE is the angle that the line (produced if 
necessary) makes with its orthogonal projection on the plane. This angle is 
the least angle which the line makes with any line in the plane. 


_ A dihedral angle is designated by its edge and one point in each face; as dihedral angle 
P-BD-Q. Fig. 78. a 


Fia. 78. Fie. 79. Fie. 80. Fie. 81. 


A polyhedron is a solid bounded by planes. 


Figure 80 shows a common polyhedron, a cuBE, with twelve edges AB, BC, CD, ete.; 
six faces ABCD, ABFE, etc.; eight vertices A, B, C, D, etc., and twelve right dihedral 
angles E-AB-C, etc. A polyhedron is said to be convex if it lies entirely on the same 
side of the plane of every one of its faces. A TETRAHEDRON is bounded by four triangles. 
The four perpendiculars erected at circumcenters of the four faces meet in a point equi- 
distant from all vertices, which is the center of the circumscribed sphere. The four medians, 
joining each vertex with the center of gravity of the opposite face, meet in a point, which is 
the CENTER OF GRAVITY of the tetrahedron. This point is 34 of the distance from each 
vertex along a median. The four altitudes meet in a point, called the orTHOCENTER of the 
tetrahedron. The six planes bisecting the six dihedral angles meet in a point equidistant 
from all faces, the center of the inscribed sphere. 


Sphere. Every plane section of a sphere is a circle. This circle is a 
GREAT CIRCLE when its plane passes through the center of the sphere. The 
POLES of a circle (P, P’, Fig. 81) are extremities of the diameter of the 
sphere which is perpendicular to the plane of the circle. Through two points 
on a spherical surface not extremities of a diameter one great circle can be 
passed. The shortest line that can be drawn on the surface of a sphere 
between two points is an arc of great circle less than a semi-circumference join- 
ing those points. If two spherical surfaces intersect, their line of intersection 
is a circle whose plane is perpendicular to the line of centers, and whose center 
lies on this line. 

On the surface of the earth the ares of great circles are called Gzopmsics. A 
SPHERICAL ANGLH isa figure formed by two ares of great circles drawn from the 
same point (VERTEX), and is measured by the plane angle formed by tangents 
to its sides at its vertex. If planes of great circles are perpendicular, the angle 
is & RIGHT SPHERICAL ANGLE. A SPHERICAL POLYGON is a figure on a spherical 
surface bounded by three or more arcs of great circles. The sum of the angles 
of a spherical triangle is greater than two right angles and less than six right 
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angles. Two spherical polygons on the same sphere or on equal spheres are 
SYMMETRIC if the sides and angles of one are respectively equal to those of the 
other, but arranged in reverse order. Symmetric spherical polygons have 
equal areas. 

A polyhedral angle (Fig. 82) is a figure formed by three or more Rays, 
OA, OB, etc., drawn from a common origin or vertex O, no three of which 
lines lie in a plane. OA, OB, OC, etc., are called EpaEs; AOB, BOC, 
COD, etc., FACE ANGLES; A-OB-C, B-OC-D, etc., DIHEDRAL ANGLES. A 
polyhedral angle is called TRIHHBDRAL, TETRAHEDRAL, etc., 
according as it is formed by three rays, four rays, ete. 
The sum of two face angles of a trihedral angle is greater 
than the third face angle. The sum of all the face 
angles of any convex polyhedral angle is less than four 
right angles. When the edges of a polyhderal angle are 
produced through the vertex, a SYMMETRIC POLYHEDRAL 
ANGLE is formed. The face angles and dihedral angles of 
two symmetric polyhedral angles are equal but are arranged in reverse order. 

Regular solids. There are five and only, five convex polyhedrons bounded 
by equal regular polygons. These are shown in Fig. 83, and are, from left to 


Fia. 82. 


right, REGULAR TETRAHEDRON with four faces that are equilateral triangles; 
CUB®, With six square faces; REGULAR OCTAHEDRON, with eight faces that are 
equilateral triangles, REGULAR DODECAHEDRON, with twelve faces that are 
regular pentagons; and & REGULAR ICOSAHEDRON, with twenty faces that are 
equilateral triangles, 


29. Areas and lengths in plane figures 


Square (Fig. 84). Side = a, diagonal = d. 

d=aV2=1A4l4a. a = YdV2 =0.707d. Area = a? = Y4d?. 

Rectangle (Fig. 85). Sides = a, b; diagonal = d. 

da =a+b*% Area = ab. 

Parallelogram (Fig. 86). Sides = a, b; altitude on side a=h; diag- 
onals = d;, d; acute angle at vertex = C. 

d,? = a? + b? — 2ab cos C* di? = a? + b? + 2ab cos C. 2(a2 + b2) = 
d;* + de®. Area = ah. 


a 6 
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Fia. 84. Fie. 85. Fig. 86. Fig, 87. Fia. 88. 


Rhombus (Fig. 87.) Each side = a; diagonals = dj, dy. 
d,? +d? = 4a. Area = Vedidy. 
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Trapezoid (Fig. 88). Parallel sides =a, b; altitude = h; mid-line 
H =m. 
Area = Yh(a + b) = hm. 
Triangle (Fig. 89). Sides = a, b,c; angles = A, B, C; altitude on side 
a =h; radius of inscribed circle = r, radius of circumscribed circle = R. 
Lets = Kia +b +0). 
r=V(s — a)(s — b)(s — c)/s; R = Ya/sin A-= 14b/sin B = Vc/sin C. 
Area = base X altitude = Wah = YWabsinG = Ybesin A = K%easin B 
=rs = Yabe/R = Vs(s — a)(s — b)(s — 0) = 2R2 sin A sin Bs in C = 1°? 
cot 4A cot 4B cot YC = a? sin B sin C/sin A. 
Length of median from vertex A = 44V/2(a +6?) —c?. Length of 
bisector of angle A = V abl(a + b)? — c2|/(a + b). 
Equilateral triangle (Fig. 90). Side = a. si 
Altitude, h = 4avV3 = 0.866030. Area = Ya2V3 = 0.43301a?. 
Right triangle (Fig. 91). Sides = a, b; hypotenuse = c. 
C=a+b?. Area = Wab = Ya? tan B = Ya? cot A = Yc? sin 2A. 


Fie. 89. Fic. 90. Fie. 91. Fig. 92. Fre. 93. 


Any quadrilateral (Fig. 92). Sides =a, b, c, d; diagonals = dj, dz 
forming angle D; line joining mid-points of diagonals = m. 

wt+het+etd=d2+d2+4m?. Area = VYdide sin D. 

Quadrilateral inscribed in a circle (Fig. 93). Sum of opposite angles 
=180°. Sides = a, b, c, d; angle formed by sides a and b = X; diagonals = 
Or 
Bhd = chaletesi= Viad-bib.e +d): 

Area = V(s — a)(s — b)(s — o)(s — d) =(ab + cd) sin X. 

Regular polygons (Fig. 94). Side = a, number of sides = n. 


lipge, AS Fic. 96. Fig. 97. 


Vertex angle = 360°(n — 2)/n. Central angle (as v) = 360°/n. Radius 
of inscribed circle = 7 = %a cot Kv = Wa tan WA. Radius of circum- 
scribed circle = R = Ya/sin %v = VYa/cos aA. Area = Yonar = ayn 
cot 4v) = ak. Values of k are given in following table: 


n 3 


k | 0.433 


4 5 6 a4 8 9 10 | 11 12 


1.000 | 1.720 | 2.598 | 3.634 | 4.828 | 6.182 7.004 | 9.886 11.196 
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Circle. Radius = 7, diameter =d. ; 

Ratio of circumference to diameter = 7 = 3.1415927. Circumference = 
Qar = nd. Area = mr? = Yrd? = 0.7854d”. See Table 6, p. 1460. 

Circular ring (or ANNULUS). (Fig. 95.) Outer radius = R, inner radius 
=n, 

Mean radius = 7 = 4(R+~7r); width =b=R-—r1r. Area =a(R? — 1?) 
=7(R +7r)(R — 1) = 2rob. 

Circular are (Fig. 96). Radius = 7, length of are = S, central angle = C. 

S = rC (when C is expressed in radians) = mrC/180 = 0.01745rC (when C 
is expressed in degrees). See Tables 10-13, p. 1466. If chord of are (Fig. 97) = 
S, and chord of half the are = c’, then S = 2c’ + 14(2c’ — c), approximately 
(Huyghen’s formula). 

Circular sector (Fig. 96). Area = 44Sr = Vr?C (when C is expressed 
in radians) = mr2C/360 (when C is expressed in degrees) = 0.0087277°C. 

Circular segment (Fig. 97). Height of segment = h, chord = ¢, chord 
of half are = C’. 

C? = Qhr; ¢ = 2rsin %C; h = 70 — cos 4C), r= (402 + h?)/2h. 
Area = Yr?(C — sin C), (angle C in radians) = 4(rS + ch — er). Approx- 
imate formula: Area = 46h2~/ 2r/h — 0.608. See Table 9, p. 1464. 

Parabolic segment (Fig. 98). Chord = c, height = h, are-= S. 


de ae SS 
Area = %ch. S= YVc? + 16h? + Sh Nap log (4h + Vc + 16h2)/c. 


Area between two chords c, C, parallel and at a distance d apart 


— cz 
Ellipse (Fig. 99). Semi-axes, major = a, minor = 6. 
Area between BB’ and PP’ = zy + ab sin“ a/a. Area of sector AOP = 


Yeab cos'x/a. Area of ellipse = ab. Perimeter of ellipse = 4aH. Values 
of H fort = b/aare as follows: 


i | 
t 0 Opel} 0.2.) 0238 O06 =|02% | 0.8 | O20) = 120 


E 1.000} 1.016} 1.051) 1.097] 1.151) 1.211] 1.276 1.493) 1.571 


iA 1.418 


Fre. 98. Fie. 99. Fie. 100. 


Hyperbola (Fig. 100). Semi-axes, transverse = a, conjugate = b. 

Area AMP = oxy — ab Nap log (x/a + y/b). Area OAP = Vbab 
Nap log (a/a + y/b) = Yabu, where x = a cosh u. 

Cycloid. (See Fig. 177, p. 1411.) Radius of rolling circle = a. 

Length of are OP = 4a (1 — cos %@). Length of entire are OMN = 8a. 
5 fon between are OMWN and base OX = 37ra? = three times area of rolling 
circle. 
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Epicycloid. (See Fig. 179, p. 1412.) Are AP = 4r (R-+ r) (1 — eos 
(Re/2r))/R. Area AOP = (r(R + r)(R + 2r)|(R6/r — sin RO/r)/2R. 

Hypocycloid. (See Fig. 180, p. 1412.) Formulas for arc and area are the 
same as for epicycloid with sign of r changed. 

Catenary. (See Fig. 184, p. 1413.) Are BP =a sinh v/a = Vy? — @ 
where z, y, are co-ordinates of P. Area OMPB = a*sinh z/a = av/y? — a. 

Spiral of Archimedes. (See Fig. 185, p. 1413.) Are OP = Valorv/1 +62 + 


Nap log (6 + ~/1 + & )], 6 in radians. 
| 


Simpson’s rule for approximate 
measure of an area (Fig. 101). Divide 
the area by equidistant parallel lines 
into an even number n of strips each 4, 
of width b, and denote the lengths of 
the parallel sides of these strips suc- 


cessively by Yo, Yi, Yo, Ys -- +5 Yn [tar cadibes ate een * 
Then an approximate value for the area 
is, Area = V4b(yo + 4y1 + 2y2 + 4y3 + ne iaereatconaeS 101. 


2ys t+... + 4yn-1 + Yn), OF 
=Vd[(yo + yn) + 4(yi + Ys + Ys +. -- Yn—1) + 2(y2 + ys + Ye +--+ Yn-2)). 


Increasing the number of strips gives a closer approximation. 


30. Surfaces and volumes of solids 


Prism (Fig. 102). Perimeter of a plane section FGHKL cutting all 
edges at right angles (right section) = c; length of lateral edge AA’ = 1; 
altitude (perpendicular distance between upper and lower bases) = h, area of 
base ABCDE = B. 

Lateral surface = cl. Volume = Bh. 

Right-circular cylinder (Fig. 64). Diameter of base = d, altitude = h. 

Lateral surface = adh. Total surface = md(h + Yd). Volume = md?h/4. 

Truncated right-circular cylinder (ig. 103). Diameter of circular base 
= d, arithmetic mean of longest and shortest elements = h(= 14(AB + CD)). 

Lateral surface = 7dh. Volume = md*h/4. 


Fie. 102. Fic. 103. a 104. Fire, 105: 


Truncated triangular prism (Fig. 104). Area of base ABC =B, lengths 
of edges = 4G, b, c. 

Volume = %B(a+b6 +0). 

Ungula of right-circular cylinder (Fig. 105). Base is a circular segment 
with central angle 2a (radians) and area B. (See Art. 29.) 

Lateral area = hr(2 sin a — a cos a)/(1 — cosa). Volume = h(%r? sin’ a 


— Bcosa)/(1 — cosa). 
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Hollow right-circular cylinder. Outer and inner diameters = D, d, 
altitude = h, thickness = ¢. 

Volume = mht(D + d)/2. 

Regular pyramid (Fig. 75). Base ABCDE is a regular polygon, lateral 
faces are equal isosceles triangles. Side of base = a, area of base = B (see 
Art. 29), altitude of a lateral face (slant height of pyramid) = s (= VF), alti- 
tude of pyramid (= VO) = h. 

Lateral area = Yonas. Volume = YBh. 

Right-circular cone (Fig. 74). Radius of base = r (= OB), slant height 
VB =s,altitude=h= VO. 

8 = Va? +r, Lateral area = rs. Total area =ar(s +7). Volume = 
Vethr?. 

Frustum ofa regular pyramid (Fig. 76). Altitude of a lateral face (slant 


height of frustum FF’) = s, perimeter of bases = p, P; areas of bases = b, B; 
altitude of frustum = h = OO’. 


Lateral area = 6s(p + P). Volume = Yh(B + 60+ V/ Bb). 
Frustum of right-circular cone (Fig. 77). Slant height = s, radii of bases 
= 1, T2, altitude = h = OO’ 


a =Vi? + + (ro — 171)”. Lateral area = fe + ro). Total area = (712 + 172? 
+ s(r1 +72)). Volume = Vorh(ri2 + ro? + rye). 

Any pyramid or cone. Altitude = h, area of base = B. 

Volume = WBh. 

Frustum of any pyramid or cone. Altitude = h, areas of bases = b, B. 

Volume = Wh(B +b + Bb). 

Regular polyhedrons (see Art. 28). Edge = a. 


| Tetrahedron | Cube Octahedron | Dodecahedron Icosahedron 
AW CGE SAR Ae eo 1.7321a2 6a2 3.4641a2 20 .646a2 8.660302 
Viole =. ee 0.1179a8 as 0.471448 7.663148 2.181748 


Sphere. Radius = 7, Gmc =<d. 


Area of surface = 4rr? = xd? = four great circles. Volume = 447r3 = 
Yérd’. Table 7. 

Spherical polygon (see Art. 28.) Sum of angles in degrees = S, number 
of sides = n. Spherical excess = HE = S — (n — 2)180 (in degrees). 

Area = tr?E/180. 


Fic. 106. Fic. 107. Fic. 108. Fig. 109. 


Zone (Fig. 106) is a portion of a spherical surface included between two 
parallel plane sections. Altitude = h (perpendicular distance between parallel 
planes), radius of sphere = r. 


Area of zone = 2mrh (product of circumference of a great circle and alti- 
tude of zone). 
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Spherical segment (Fig. 107) is the portion of sphere included between 
two parallel plane sections called bases. Radii of bases = b, B; altitude of 
segment = A (perpendicular distance between bases). 

Volume = Verh(B? + b? + VWh?). 

Wedge (Fig. 108). Base DEFC is a rectangle, CF = b, EF = L, edge 
AB = l, at perpendicular distance RS = h from base. 

Volume = Ybh(2L + 1). 

Prismatoid. Bases are polygons in parallel planes, areas = b, B. Lateral 
faces are trapezoids or triangles whose vertices coincide with certain vertices 
of the bases. Altitude = h (perpendicular distance between bases), area of 
plane section midway between bases = m. 

Volume = Yh(b + B + 4m). 

Segment of paraboloid (Fig. 109). Radii of bases = 7, 72; altitude = d. 

Volume = Vord(ri2 + 122). 

Ellipsoid (Fig. 110). Semi-axes = a, b, c. 

Volume = 447rabc, 


Fie. 110. libel aa lale JMC e AL. 


Theorems of Pappus. (1) If a closed plane figure is revolved about an 
exterior axis in its own plane, the volume of the solid generated equals the 
product of the area of the plane figure by the length of the circular path 
described by its center of gravity. (2) If a plane curve is revolved about an 
exterior axis in its plane, the area of the surface generated equals the product 
of the arc of the curve by the length of the circular path described by its center 
of gravity. These theorems are useful in determining centers of gravity when 
other quantities involved are known, and also in calculating areas and volumes 
when centers of gravity are given. 

Torus (ANCHOR RING). (Fig. 111.) Application of preceding Theorems of 
Pappus gives the following results: 

Area = 2ra X 2b = 4r°ab. Volume = 1a? X 2b = 21a*b. 

Cavalieri’s theorem (Fig. 112). If two solids are included between a 
pair of parallel planes, and if the two sections cut from them by any plane 
parallel to the including planes are equal in area, then the volumes of the 


solids are equal. 
TRIGONOMETRY 


81. Trigonometric functions of an acute angle 
In Fig. 113 take a point B on side AD of angle A, and draw BC perpen- 
dicular to side AE, forming the right triangle BAC. In this triangle, for 


By? ib 


OE 
Fie...113. Fig. 114. BIGaw os 
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angle A, BC(= a) is called opposrTE stpn, and AC (= b), ADJACENT SIDE. 
The trigonometric functions of A are sine of A, cosine of A, tangent of A, 
cotangent of A, secant of A, and cosecant of A, written, respectively sin A, 
cos A, tan A, cot A, sec A, cse A, and defined as equal to ratios as follows: 


AFAR) opposite side a site hypotenuse c 
sin “hypotenuse c’ ese “opposite side a’ 
opposite side a adjacent side 6b 
aniline se cot A = : ain , 
adjacent side 6b opposite side a 
adjacent side 0b hypotenuse c 
cos A = Ses sec A = 


hypotenuse c adjacent side 0° 


Sine and cosine of A are called co-runcrions of each other, as also are tangent, 
and cotangent, secant and cosecant. 

Functions of A are independent of the position of Bon AD. In fact, by plane geometry 
(Art. 25), in Fig. 114, when B’C’ is perpendicular to AZ, and B’C” perpendicular to AD, 
BC/AB = B’C’/AB’ = B”’C"/AB”. That is, sin A equals any one of these ratios. Any 
one of the triangles ABC, AB’C’, AB’C” might be used to give trigonometric functions of A. 

In the right triangle ABC (Fig, 115), angles A and Bare COMPLEMENTARY 
angles (sum = 90°). Sin A = cos B, 
tan A = cot B, sec A = ese B, cos A= 
sm -B;cot A = tan B;esc%A® = sec B. 
Any function of an angle equals the 
corresponding co-function of the com- 
plementary angle. 

Functions of 30°, 45° and 60°. In 
Fig. 116, triangle ABC is an IsoscELES 

Ractté, Fics 127. RIGHT TRIANGLE, AC = BC, angle A = 

angle B = 45°, sides AC and BC are 
of unit length and AB = A/a: Lins Fig. 117, triangle ABD is equilateral with 
sides 2 units in length, each angle is 60°. In right triangle ABC, A = 60°, 
B = 30°, BC =V3. 


Angle Sin Cos Tan Cot Sec Cse 
30° 1/2 V3/2 V/3/3 V3 23/3 2 
45° Vv 2/2 V2/2 1 1 V2 V2 
60° V3/2 1/2 V3 V3/3 2 2V3/3 


In addition to the six functions defined above, the following are also used. Versine of 
A=vers A=1-—cosA. Coversine of A = covers A = 1—sin A. Haversine of 
A = havers A = 4(1 — cos A). 


Tables for trigonometric functions. Natural values. Tables 14, 15, pp. 1468- 
1471, give values of sine, cosine, tangent and cotangent for all angles less than 
90° at 10-minute intervals. (For 90°, see Art. 38.) For intermediate angles 
interpolation may be used, with the caution that sine and tangent increase as 
angle increases, while cosine and cotangent decrease as angle increases. Values 
of sine and tangent are under captions at the top of pages; of cosine and 
cotangent above captions at the bottom of pages. 


Examples. Sine 25° 12’ = 0.4258. Cos 25° 12’ = 0.9048. Tan 36° 18’ = 0.7346 = 
tan 36° 20’ minus the correction for 2’(=9 units). Cot 26° 17’ = 2.024 = cot 26° 20’ 
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plus the correction for 3’ (= 4 units). For values of secant and cosecant, use the relations 
secant = 1/cosine, cosecant = 1/sine and Table 5 (p. 1456). 

Natural values by slide rule. See Art. 5. 

Tables of logarithms of trigonometric functions. Tables 18, 19. 

Annex — 10 to the given tabular values. Interpolation will be inaccurate 
_ for logarithmic sines and tangents of angles less than 6°, and for cosines and 
cotangents of angles greater than 83°. Five- or more-place tables should be 
consulted for such angles. In interpolation, follow the directions given above 
for natural values. 


Example. Log sin 28° 32’ = 9.6792 — 10. Log cot 19° 38’ = 0.4477. 


Relations between functions. Sin? A + cos? A = 1. Sec? A = 1 + tan? A. 
Csc? A = 1+ cot? A. Sin A = 1/esec A. Tan A = 1/cot A. Sec A = 1/ese A. 
Expressions for sin, cos, and tan in terms of each of the other functions. 


Sin A =V1 — cos? A = tan A/V1 + tan? A = v1 + cot? A 
=V sec? A — 1/sec A = 1/cse A. 


Tan A = sin A/V1 sin? AV cos? A/cos A = 1/cot A 
V/sec? A= 1 = 1/Vcse? A — 1. 
Cos A =V1 — sin? A = 1/V'tan? A +1 = cot A/V cot? A +1 


= 1/sec A =Vese? A — 1/ese A. 
32. Functions of an obtuse angle 


Line definitions. In Fig. 118, the ratio definitions of the functions of 
angle AOP (Art. 31) are replaced by line definitions as marked, the unit of 
length being the radius of the circle (unit circle). For an opTUSE ANGLE (angle 
between 90° and 180°), the functions are defined for angle AOP as in Fig. 119, 
with the following conventions (in both figures) as to positive and negative: 
Horizontal lines OQ (= cosine) and BC (= cotangent) to the right of the ver- 
tical diameter (Fig. 118) are posi- 
tive, to left (Fig. 119) are negative. 
Vertical line as PQ (= sine) above 
horizontal diameter is positive, AT’ 
(= tangent) below (Fig. 119) is 
negative. OC (= cosecant) extend- 
ing along terminal side OP, is posi- 
tive, while OT (= secant), measured 
along OP produced (Vig. 119) is Fic. 118. Fic. 119. 
negative. For an obtuse angle, 
the sine and cosecant are positive, and the other functions negative. To 
find the natural values of the functions of an obtuse angle, write the angle in 
one of the forms 90° + x or 180° — x, where z is less than 90°, and use the 
following formulas: 


A Sin A | Cos A Tan A Cot A Sec A Cse A 
90° + x cos x — sin x — cot z —tanz — — ese x sec © 


180° — x sin x | — cos x — tana — cot x — sec & ese © 
| 


Example. Find sin 108°. Write 108° = 90° + 18°, or 180° — 72°. Hence sin 108° = 
cos 18° = sin 72° = 0.9511. Find tan 128°. Write 128° = 90° + 38°, or 180° — 52°. 
Then tan 128° = — cot 38° = — tan 52° =— 1,2799, 
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33. Oblique triangles. Formulas 


Sides a, b, c, angles A, B, C, angle A opposite side a, etc. 

Law of sines. a/sin A = b/sin B = c/sinC. (See also Art. 29.) 

Law of tangents. (a + b)/(a — 5) = tan 14(A + B)/tan 3 (A — B). 

Law of cosines. a? = b2 + c2 — 2be cos A. b? = c? + a? — 2ca cos B. 
c2 = a2 + b2 — 2ab cos C. Cos A = (b? + c? — a?)/2bc. Cos B=(c? + &? — 
b2)/2ac. Cos C = (a? + b? — c?)/2ab. 

If s=V%(at+b+e) and r= V(s — a\(s — b)(s — 0)/s, sin 4A = 
V(s — b)(s —c)/bce. Cos 4A =V 3(s —a)/bce, tang A =r/(s — a). 

Area =V/s(s — a)(s — B)(s — c) = bc sin A = Ya? sin B sin C/sin A. 

Sin A = 2 Area/bc. Sin B =2 Area/ca. Sin C = 2 Area/be. 

Sides. a =bcosC+ccosB. b=cosA+acosC. c=acosB+56 
cos A. 

Sum of sines. Sin A + sin B + sin C = 4 cos 4A cos 4B cos WC. 

Sum of cosines. CosA + cos B + cosC =4sin 4A sin 4Bsin KC +1. 

Sum of tangents. Tan A + tan B + tan C = tan A tan B tan C. 

Squares of sines. Sin? A + sin? B + sin? C = 2 cos A cos B cos C + 2. 

Products of cotangents. Cot A cot B + cot B cot C + cot Ccot A = 1. 

Sines of twice the angles. Sin 2A + sin2B + sin 2C = 4sin2 A sin 2B 
sin 2C. 


34. Solution of plane triangles 


A triangle has six parts, the sides a, b, c, and angles A, B, C, angle A being 
opposite a, ete. Certain necessary relations exist between the parts, as that the 
sum of the angles = 180°, the sum of two sides is greater than the third side, and 
the greater side is opposite the greater angle. With these restrictions, a tri- 
angle can be determined when one side and two other parts are given. The 
determination of unknown parts is called SOLVING THE TRIANGLE. The for- 
mulas given below for the usual cases will give the unknown parts by substi- 
tution of numerica] data, using tables of natural values and computing by 
shde rule, or using logarithms and tables. 


Right triangles 


(Fig. 113). ZA+ZB= 90°. ZC = 90°. 

Given an angle and opposite side, as A a. Unknowns, B,c, b. Formulas: 
B = 90° — A; ¢ = a/sin.A,b = acotA. 

Given an angle and adjacent side,as A, b. Unknowns, B, a, c. For- 
mulas: B = 90° —A. a=btan A. c=b/cos A = bsec A 

Given two sides a, b. Formulas: tan A = a/b. B=90°— A. c= 
Va? +b? = a/sin A = aecse A. 

Given a side, as a, and hypotenuse c. Formulas: sin A =a/c. B = 90° 


—A, b=V(e+a)(c — a). 


Example. In the roof truss (Fig. 
120), with normal struts bh, ci, etc., 
the span = ag = 60 ft., rise = dl = 
15 ft., find angle dil, and length of 
perpendicular ap let fall from a upon 
member di produced. 


Solution. In the right triangle adl, 
al = 30 ft:, di = 15 ft. Henee tan 
a = dl/al = 0.5, and angle a = 26° 
34’ (Table 15). ad =al sec a= 
Fie, 120, 30 X 1,118 = 33.54, In the right 
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triangle aci, ac = % ad = 22.36. ai = ac seca = 22.36 X (1.118) = 25. In right 
triangle dil, a =al—ai=5, dl=15. tan Zdil=3. Angle dil = 71°34’. In right 
triangle aip, ai = 25, angle aip = 71°34’ (being equal to angle dil). ap = ai sin 
Zap = 25 X 0.9487 = 23.72. Ans. 


Oblique triangles 


Before solving, it is well to construct a triangle with the given parts to 
scale, using a protractor for laying off the given angle or angles. The unknown 
parts may then be measured and estimated. 

Given one side and any two angles, as a, A, B. C = 180° — (A + B). 
By the law of sines (Art. 33) 6 = a sin B/sin A and Cc 


=a sim C/sin A: . © 


Example. A and B are stations 1800 ft. apart on one side 


of a river, C a station on the opposite side. To determine the Loe a 
distances from A and B to C, angles CAB and CBA are 


measured and found to be 48° 30’, and 54° 24’, respectively. . 
Find AC and BC. A ¢ B 
Solution. (Fig. 121.) A side c and two angles are given. Fig. 121. 


c = 1800, angle CAB = A = 48° 30’, angle CBA = B = 54° 
24’. Hence angle C = 180° — (48° 30’ + 54°24’) = 77° 6’. 


a = 1800 sin 48° 30’/sin 77° 6’. b = 1800 sin 54° 24’/sin 77° 6’. 
log a = loge + log sin A — log sinc. log b = loge + log sin B — log sin C. 
ec log 1800 = 38,2000 c log 1800 = 35,2000 
A log sin 48° 30’ = 9.8745 B log sin 54° 24’ = 9.9101 
Sum = 3.1298 Sum = 3.1654 
C logsin 77° 6’ = 9.9889 Ca log sini? 76’ (i 19 -9889_ 
a log 1383 = 3.1409 b log 1501 = 3.1765 


Given two sides and included angie, as a, b, C. Let the greater of the 
given sides be a. Then 14(A + B) = 90° — WC. By Art. 33 (law of tangents) 
tan 4(A — B) = (a — b) cot 4C/(a +d), giving 4(A — B). Then A = (A 
+ B) + %(A —-B). B= %(A +B) — WA -B). c =a sin C/sin A. 
Check by the law of sines (Art. 33). 


Alternative method. Use the law of cosines (Art. 33) to find the unknown side. 

c2 = a2 + 02 — QabcosC. sinB=bsinC/c. (B <90°). A = 180° — (B+ (C). 
This method is useful when the third side only is required. 

Formulas for sin B and sin A, using the law of sines do not determine these angles with- 
out ambiguity, since an angle (x) and its supplement (180° — x) have the same sine (Art. 32). 
But it b < a, angle B must be acute. From A = 180° — (B + C), angle A may be found 
and the result checked by the law of tangents. ‘ 

Example. Two stations A and B on opposite sides of a mountain are both visible from 
a third station C. Distances AC and BC are 11.5 mi. and 9.4 mi., respectively; angle 
ACB = 59° 31’. Find the distance from A to B. 

Solution. Two sides a, b, and the included angle C are given. Side c is required. 

Ge Oe Sp oO =O ole. 
¢ =Va2 + b2 — 2ab cos C = V 88.36 + 132.25 — 109.68 =V/110.9 = 10.53 mi. 


Given three sides, a, b, c. 
s=VUliatbto). r=V(s— als — bs — 0/8. 


r 


, 
tan 4A = manne? tan 146B = a Palo OR eet 


Check. A+ B+ C = 180°. 


Alternative method. Cos A = (b2 + c2 — u2)/2be. If b <a, find B (one acute angle) 
from sin B = bsin A/a. C = 180° — (A + B). 
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Given two sides and angle opposite one of them, as, a, b, A. 
(1) There are two solutions, if A is acute and the value of a lies between 
b and bsin A, asin Fig. 122. Here b sin A = CP, and triangles ACB’ and 
Cc ACB are both solutions. To see 
- if two solutions exist, examine 


b AN b the given data and calculate b 
ry sin A. If a <b and > 5 sin 

AZ A A, there are two solutions. Solve 
Beever B B 


triangle ABC by the formulas 

: sin B = bsin A/a; angle ACB = 

Fic. 122. Fic. 123. Ohad bell paar 

ZACB/sin A. Then in triangle AB’C, angle AB’C = 180°—B; angle 
ACB’ = 180° — A — Z AB’C; AB’ = asin Z ACB’/sin A. 

(2) There is no solution if A is acute and the value of a is less than b 
sin A, because the side opposite A is not long enough to reach the opposite 
side, i.e, a< CB. (Fig. 123.) 

(3) There is one solution in all other cases. Solve as in triangle ABC 
above. 


35. Angles of any magnitude 


The notion of magnitude of an angle must be generalized for purposes of 
trigonometric analysis. The general concept may be stated thus: An angle is 
considered as generated by a line (GENERATING LINE) which first coincides with 
one side (INITIAL sIDE) of the angle, then revolves about the vertex and 
finally coincides with other side (TERMINAL SIDE). An angle generated by 
counterclockwise rotation is positive (Fig. 124a), by clockwise rotation, 
NEGATIVE (Fig. 124b). The generating line may be regarded as making any 
number of complete revolutions before coinciding finally with the terminal 
side, hence the magnitude of an angle may be as large as we choose. 


Second First 
B B Ly, quadrant quadrant 
“> P ay 
“Ne; rssh) fh: eee 
Yo, cA initial side initial side 
O initial side \O7 Third Fourth 


P quadrant | quadrant 
Fie. 124a, Fic. 1240. Fie, 125. 


Four quadrants. It is customary to divide the plane about the vertex 
of an angle into four quadrants by drawing two mutually perpendicular lines 
through the vertex, one of these lines (OA) coinciding with the initial side of all 
angles (Fig. 125). An angle is said to lie in a certain quadrant when its ter- 
minal side falls in that quadrant. Angles between 0° and 90° lie in first quad- 
rant, between 90° and 180° in second quadrant, between 180° and 270° in 
third quadrant, between 270° and 360° in fourth quadrant. For negative 
angles, those between 0° and —90° lie in fourth quadrant, between —90° and 
—180° in third quadrant, between —180° and —270° in second quadrant, 
between —270° and —360° in first quadrant. Addition to or subtraction 
from an angle of multiples of 360° gives an angle of different magnitude but 
the same terminal side, hence in the same quadrant. 
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36. Angle measurement 


Two systems of measuring angles are in use in engineering. 

Degree measure. The unit angle is one DEGREE, viz., an angle at the center 
of a circle whose intercepted arc equals 1/360th of the 
circumference. 

Circular measure. The unit angle is one RADIAN, 
viz.: an angle at the center of a circle intercepting an 
arc equal in length to the radius of the circle. (Fig. 
126.) For any central angle in a circle, the number 
of radians in the angle = length of intercepted .arc/length 
of radius. 


Relation between unit angles. 1 degree = 0.01745 radian = 7/180 radian. 1 radian = 
57.2957 degrees = 180/x degrees. 90° = 7/2 radians. 180° = w radians. 270° = 32/2 
radians. 360° = 27 radians (x = 3,14159265). See also Tables 10 to 13, inclusive. 


37. Functions of an angle in any quadrant 


In the first and second quadrants, functions are defined by the lengths of 
lines in the unit circle as in Figs. 118 and 119, in the third and fourth quad- 
rants as in Figs. 127 and 128, respectively. or conventions as to positive 
and negative lines, see Art. 32. The rule for signs of functions of angles 
in different quadrants is shown in Fig 129. To write down the numerical 


Pre. 427: Fre. 126; 


values of functions of an angle of any magnitude, express the angle in degrees, 
and, if necessary, add or subtract multiples of 360° until the magnitude lies 
between 0° and 360°. Then observe in what quadrant the angle lies. If in 
the first quadrant, the functions are given by Tables 14 and 15. If in the 
second quadrant, proceed as in Art. 32. 

Third-quadrant angles. Write the magnitude of the angle, which is 
between 180° and 270°, in the form 180° + z, or 270° — y, where x and y are 
between 0° and 90°, and use the following formulas: 


A Sin A Cos A Tan A Cot A Sec A Cse A 
180° + « — sin x = cos x tan x cot x — sec x — csc z 
270° — y — cosy — sin y cot y tan y — csc y — secy 


Fourth-quadrant angles. Express the angle, which now lies between 
270° and 360°, in either of the forms 270° + y or 360 — x, where x and y are 
between 0° and 90°, and use the following formulas: 


1396 TRIGONOMETRY Sec. 24. 


A | Sin A Cos A Tan A Cot A Sec A Cse A 


360° — z — sin ¢ cos © — tanz — cot x sec x —) C8e x 
270° - 4 = cos ¥ sin y — cot y — tany csc y = SCC, Y, 


Examples. To find tan 985° 15’. Reduce to an angle between 0° and 360° by sub- 
tracting 2 X 360°. 985° 15’ — 720° = 265° 15’, which is an angle in the third quadrant, 
265° 15’ = 180° + 85° 15’ = 270° — (4° 45’). Tan 265° 15’ = tan 85° 15’ = cot 4° 15’ = 
13.46. Hence tan 985° 15’ = 13.46. Ans. 

To find ese (— 385° 20’). Adding 720°, 720° — 385° 20’ = 334° 40’, which is an angle 
in the fourth quadrant. 334° 40’ = 360° —.25° 20’ = 270° + 64° 40’. Cse 334° 40’ = — ese 


25° 20’ = — sec 64° 40’ = — 2.337. Hence esc (— 385° 20’) = — 2.3387. 

Relations between functions of positive and negative angles which are 
numerically equal are: sin(—A) = —sin A; cos(—A) = cos A; tan (—A).= 
— tan A; cot (—A) = — cot A; sec (—A) = sec A; ese (—A) = — ese A. 


88. Functions of 0°, 90°, 180°, 270°, 360° 


Angle Sin | Cos Tan | Cot | Sec | Cse 
0° and 360° (0) 1 0 ee) 1 ea) 
90° 1 0 oa) 0 ro) 1 
180° 0 ite wugeae 0 (ee) —1 (oa) 

1 0 0 (c) | — I) 


270° | -- a | 


39. Angles for which one function has a given value 


All angles whose magnitude is expressible as n X 180° + (—1)® x A 
where 7 is any integer, positive or negative, and A is expressed in degrees, have 
the same sine and cosecant as A. (In radians, rm + (—1)"A.) If expressible 
as n X 180° + A, they have the same tangent and cotangent as A. (In 
radians, 7m + A.) All angles expressible as n X 360° + A have the same 
secant and cosine as A. (In radians, rn + A.) 


Example. Solve 2sin A — cos A = 0 for A. Transposing cos A to the right-hand 
member and dividing both members by cos A gives 2 sin A/cos A = 1, or tan A = yy. 
The value of A between 0° and 90° satisfying this equation is 4 = 26°34’. (Table 15.) 
Hence the solution is:  X 180° + 26° 34’, where n is any integer, positive or negative. 
Angles between 0° and 360° satisfying the equation are 26° 34’, and 206° 34’ (n = 1). 


40. Graphs of trigonometric functions 


Graphs of trigonometric functions are drawn by plotting values of the 
angle as abscissas and values of the function as ordinates. See Figs. 130-133. 
Points on the X-axis corresponding to angles for which the function is zero or 
infinity, are marked in radians. Graphs of sin x and csc x are obtained from 


Fig. 130.—Craph of y=cos x. 
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Figs. a and 133, respectively, by drawing the Y-axis through the point 
“= =—7/2, 


Fic. 131.—Graph of y=tan x. 
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Fic. 1383.—Graph of y=sec 2. 


41. Formulas in plane trigonometry 


Relations between functions of the same angle, any quadrant. See Art. 31. 

Functions of multiple angles. Sin 2A = 2sin A cos A. Cos2A = cos? A 
— sin? A = 1 —2sin?A =2cos?A —1. Tan2A = 2tanA/(1 — tan? A). 
Cot 2A = (cot? A — 1)/2 cot A. 

Sin 3A = 3sin A — 4sin? A. Cos3A = 4cos?A —38cosA. Tan3A = 
(3 tan A — tan? A)/(1 — 3 tan? A). 

Sin 44 = 4 sin Acos A — 8 sin? AcosA, Cos4d = 8cos!A — 8 cos? A 


=a, 
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Sin nA = sin (n —1) A cos A + cos (n — 1) A sin A. Cos nA = 
cos (n — 1) Acos A — sin (n — 1) Asin A. 


*Sin nA = ncos”—~! Asin A — (3) cos*—? A sin? A + 


(") cos”—5 A sin? A —, ete. 


*Cos nA = cos” A — (5) cos”-? A sin? A + (") cos*-* A sint A —, ete. 


* In these formulas G ): - ), etc., are binomial coefficients. See Art. 18. 


Functions of half angles. Sin 4A = V14(1 —cos A). Cos A = 
V1 + cos'A). 

Tan4kA=VvV1 — cos A/V/1 + eos A =sin A/(1+cos A) =(1—cos A) /sin A. 

Powers in terms of multiple angles. Sin?A = 14(1 — cos2A). Cos?A = 
(1 + cos 2A). 

Sin? A = 14(3 sm A — sin 3A). Cos? A = Y{(cos 3A +3 cos A). 

Functions of sum or difference of two angles. Sin (A + B) = 
sin AcosB + cosAsin B. Sin (A — B) = sin A cos B — cos A sin B. 

Cos (A + B) = cos A cos B — sn A sin B. 

Cos (A — B) =cosAcosB +sin A sin B, 

Tan (A + B) = (tan A + tan B)/(1 — tan A tan B). Tan (A — B) = 
(tan A — tan BY Ma + tan A tan B). 

Cot (A + B) = (cot A cot B — 1)/(cot A + cot B). 

Cot (A — B) = (cot A cot B + 1)/(cot B — cot A). 

Sums, differences, and products of functions. 

Sin A + sin B = 2sin 44(A + B) cos W(A — B. 

Sin A — sin B = 2 cosil4(A + B) sin 4 (A — B). 

Cos A + cos B = 2 cos 4(A + B) cos W(A — B). 

Cos A — cos B =—2sin 4(A + B) sin K(A — B). 

Tan A + tan B = sin (A + B)/cos A cos B. 

Tan 4 — tan B = sin(A — B)/eos A cos B. 

Sin? A — sin? B = sin (A + B) sin (A — B). 

' Cos? A — cos? B = cos (A + B) sin (A — B). 

Cos? A — sin? B = cos (A + B) cos (A — B). 

Sin A sin B = 14 cos (A — B) — %ocos(A + B). 

Sin A cos B = 4 sin (A + B) + sin (A — B). 

Cos A cos B = 4 cos (A + B) + % cos (A — B). 

Series. (See also Art. 62.) 


: 1 Lge 
Sin 2 = 27 — 31" “+ 5 — ... forall values of x in radians. 
1 
Cosa =1— 2 + aw — ... for all values of x in radians. 
Tanz =x2+ x +7 — + oe 4+.— . . for values of x in radians 


: i 
numerically less than ru 


Trigonometric functions and exponentials. (See Art. 21.) 
eft = e elt at e7 elt —tr 
Sing 0 6 ae es i — ae yr hae Se 
in x oi Cos x 2 : Tan x A ere 


(Cos « +7sin x)” = cosna + isin nz. 
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42. Inverse functions 


; The equation sin 30° = 14 is also written 30° ='sin-! 4. The expression 
sin~! }4 is called INVERSE sINE of 14, or “angle whose sine is 14.” Similarly 
eos~1 a, tan~'a, see—'a, esc~!a, cota, are inverse functions, €.g., imverse 
cosine of a, or angle whose cosine equals a, etc. 

Relations between inverse functions. Sin-1a = cos1V/1 — a? = 
tana/V1—a = cotV1 — a2/a = sec—! 1/V1 = OG =iescms Was 
Tana = sin-ta/V1 + a@ = cot!1/a = cos 1/V1+0? =see-V i+a? 
= esc V1 + a?/a. 
Costa = sin V1 — @ 
peCauL/a = cse 1 1/1 —¢ 
Sin7! a + sin-! 6 = sin! (aV1 =p pW a’), 
- Cos-! a + cos-!b = cos! (ab EV (1 — a) (1 — b2)). 
Tan“! a+ tan! b = tan“! [(@ + b)/(1 = ab). 


Il 


tanV/1— a/a = cot a/V1 — a = 


43. Spherical trigonometry 


Right spherical triangles have six parts, namely, the sides a, 6, c, and the 
angles A, B, C (= 90°). (Fig. 134.) Each part is less than 180°. When two 


of the parts a, b, c, A, B, are given, assuming certain con- B 
ditions are met (see below), the triangle can be solved, / 
1.€., the unknown parts can be determined. The necessary re % 
conditions are: A + B > 90° (since the sum of the three A 

angles must be greater than 180° (Art. 28); an angle and c 


opposite side are either both greater than 90°, both equal 
to 90°, or both less than 90°. Fie. 134. 

Formulas for solving right spherical triangles. Cos c = cosa cos bD. 
Sin b = tanacot A. Sina =tanbcot B. Sina =sincsin A. Cos B= 
tan a cot c. Cos A = cos asin B. Cos c = cot A cot B. Sin 6 = 
sinc sin B. CosB =cosbsin A. CosA = tanb cotc. 

In applying the formulas careful attention must be paid to the algebraic 
signs of the given parts. When an angle and its opposite side are given, there 
are two solutions. 


Example. Solve the right spherical triangle given B = 33° 50’, a = 108°. 
Solution. The formulas in the above group containing both B and a are: 


sina = tan b cot B, cos B = tana cot c, cos A = cosasin B. 


Solving the first two of these for the unknown part, the results are (1) tanb = sin a 
tan B, (2) cotc = cotacosB. From (1) since sina and tan B are positive, tanb is 
positive and b lies between 0° and 90°. By logarithms, 6 = 32°31’. In (2), cot ais 
negative (Art. 32), hence cot c is negative and c lies between 90° and 180°. In solving (2) 
by logarithms proceed without regard to algebraic sign of cot a, and find the angle less than 
90° whose cot equals cot a cos B numerically. This angle is found to be 74° 54’. Hence 
c = 180° — 74° 54’ = 105° 6’. Finally in finding A from cos A = cosasin B, since 
cos a is negative, proceed as in determining c. Answer for A is found to be 99° 54’, 


ANALYTIC GEOMETRY 


44. Formulas using co-ordinates 


Definitions. The RECTANGULAR CO-ORDINATES of a point P in a plane are 
the distances of the point from two perpendicular lines XX’, YY’, called axEs 
OF co-oRDINATES. (Fig. 135. See also Art. 11.) The distance from YY’ 
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is the aBscrssa of the point, and is postive when P is to right of YY’, negative 
when to left. ‘The distance from XX’ is the orpINATE of the point, POSITIVE 
when P is above XX’, NEGATIVE when below. The axes divide the plane into 
four QUADRANTS. Signs of co-ordinates for points in various quadrants are 
indicated in Fig. 136. Co-ordinates a and b of point P are written P(a, b), 
the first number being the abscissa. The intersection O of the axes is called the 
ORIGIN. The abscissa of any point on YY’ (Y-axis) is zero and the ordinate of 
any point on XX’ (X-axis) is zero. Co-ordinates of the origin are (0, 0) (12). 
OBLIQUE CO-ORDINATES are sometimes used, the axes forming an angle A not 
equal to 90°. The co-ordinates of a point are the lengths of lines drawn from 
the point to the axes parallel to respective axes. POLAR CO-ORDINATES, see 
Art. 48. 
Length 1 of line joining two points (x, y:) and (2, yz) is 


l= V (a — 2)? + (yi — y)® 


Erg.) 1352 Fia. 136. Dien tats 


Slope of a line, produced if necessary to meet X-axis, is the tangent of 
the angle measured from the X-axis around to the line in a counterclockwise 
direction. The angle is called the inctination. In Fig. 137, the inclination 
is marked, 2, 2’ for the respective lines. Slope is denoted by letters m, m’, etc. 
Thus m = tan 7, m’ = tan 7’, etc. The slope may have any value, positive 
or negative. Parallel lines have equal slopes. For two perpendicular lines, 
the slope of one is the negative reciprocal of the slope of the other. If (21, y:) 
and (2, y2) are points on a line, the slope is . 

m = (yi — y2)/(t. — 22). 

Lines parallel to OX have slope zero, those parallel to OY have slope 

equal to infinity. (tan 0° = 0, tan 90° = o, Art. 38.) 
Point of division. If Pi(x, yi), P2(x2, y2), P(x, y) are three points on a 
line, then w= (t1 +7rr)/(1 +r) and y = (yi + rys/(1 + 7), where r is 
numerically equal to the ratio of lengths P,P and PP; r is positive when P 
is on segment P,P2, negative when outside. 

Mid-point. Co-ordinates (x, y) of mid-point (r = 1) are = (x, + 22) 
Yay + Yr). 

Area of triangle with vertices (#1, y1), (a2, y2), (xs, ys) is (aye — tay. + 
Leys — L3Y2 + Lyi — L1Ys). 


This may be written by determinants (Art. 14). The formula gives 


: i : T1141 
an area with a negative sign when the order of i i i 2 
; vertices on the perimeter is 1 
clockwise. A eG eh fs ; 
3Y31 


= A convenient way to find the area in any given numerical case is the following: 
rite abscissas and ordinates in rows as indicated, repeating the first abscissa and 71%2*3%1 


ordinate. (1) Multiply each abscissa by the ordinate in the next column, and ¥1¥2¥3¥1- 
ets results. (2) Multiply each ordinate by the abscissa in next column and add 
esults. 


(3) Subtract the last sum from the first sum and divide by 2. 
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rn ‘ ; : : 

ae ise. of Bepoluaee with vertices given may be found in the same manner 
ung down the co-ordinates of successive points on 

the perimeter as in the annexed scheme and following the rule 72 + + + @n%1 

as just given. Ae ae oe 


45. Curve and equation 


Locus of an equation in two variables (usually « and y) representing 
rectangular co-ordinates is a curve (or group of curves) passing through all 
points whose co-ordinates satisfy that equation, and through such points only. 
To pior the locus of a given equation, solve the equation for one variable in 
terms of the other variable, assume values for the latter, compute corresponding 
values of the first variable, 
plot the points with co-ordi- 
nates thus determined, and 
ete Sema * 2 draw a smooth curve through 

y =£V16 — 62 — 22. these points. : 
Compute y for assumed values of xz as shown in 


Example. (Fig. 138.) Plot locus of 
x2 + y2 + 6c — 16 = 0. 
Solving for y, 


the adjacent table. 

x y Ar} y 

0 +4 0 +4 

1 +3 —1 4.6 

2 0 —2 +4.9 

3 imag —3 +5 

4 ef —4 +4.9 

5 es —5 +4.6 

6 —6 +4 

7 oF —7 +3 
—8 0 
-9 imag. 

Fig, 138. Fie, 139. 


Symmetry of a curve with respect to the axes or origin should be noticed, 
and may be determined by the following tests: Curve is symmetric with 
respect to the X-axis, or to the Y-axis, or to the origin, when the given equality 
is unaffected by replacing y by —y, or x by —2, or x and y simultaneously by 
—xand —y, respectively. 


In the example given, the circle is symmetric with respect to the X-axis. 


Equation of a curve (or locus of a point satisfying a given condition) 
is that equation in two variables (usually « and y) representing co-ordinates 
such that the co-ordinates of every point on the curve will satisfy the equa- 
tion, and conversely, every point whose co-ordinates satisfy the equation will 
lie on the curve. 


Find the equation of the circle whose center is C(— 1, 2) and radius 4. 
Then PC = 4 by definition of 


Viet D2 + & — 2)2 


Yi 
(— \yew 
Points of intersection of two curves (loci) whose ape 


equations are given are those points whose co-ordinates 
satisfy both equation. These co-ordinates are found by 
solving the given equations. See Art. 9, 10, Fria, 140, 


Example. 

Let P(x, y) be any point on the circle. (Fig. 139.) 
circle. But PC = length of line joining (2, y) and (— 1,2) = 
(Art. 44). Substitute this expression in PC = 4, square both sides, 
transpose and reduce. Result is x2 + y2 + 2x — 4y — 11 = 0, the 
required equation of the circle. 


1402 ANALYTIC GEOMETRY Sec. 24. 


Parametric equations of a curve arise when the co-ordinates + and y of 
a point on the curve are each expressed in terms of a third variable (called 
PARAMETER). 

Example. In the circle of Fig. 140, if OP = r, angle MOP =t, then zs = OM =r cos ft, 


and y = MP = rsint, are parametric equations of the circle. Squaring and adding gives 
the rectangular equation 22 + y2 = r2. 


Elimination of parameter gives the rectangular equation. Parametric 
equations for a curve may be found in an infinite variety of ways. When a 
point describes a curve in a given manner, the parametric equations may 
often be found directly, ahd rectangular equations from these, if desired. 
See Art. 54. 


46. Straight lines 


Notation (Fig. 141). OA = intercept on X-axis=a. OB = inter- 
cept on Y-axis = b. ON = perpendicular; distance from origin = p. Slope 
m = tani (Art. 44). The angle that ON forms 
with OX, measured counter-clockwise, =n. 

EG 4) Equations of straight lines. Let P(z, y) be any 
‘ point on the line. 

y = mx + b, given m and b. 

z/a + y/b = 1, given a and 6. 

y — yi = m(x — a1), given one point (x, y:) 


and m. 
(y — yx)/(@ = 21) = (yr — y2)/(@1 — %2), given 
Fie. 141. two points (21, y1), (%2, y2). 


: xcosn + ysinn = Pp, given p and n. 
Line parallel to X-axis; y = b; parallel to Y-axis, x = a. Equation of 
X-axis, y = 0; of Y-axis, x = 0. 
Polar equation. Art. 48. 


General equation of first degree in x, y, is Ax + By +C=0. The 
locus is a straight line. m = tan i = — A/B; a = — C/A; b = — C/B; 
p = + C/V A? + B?,n = sin B/V A? + B? = cos-1 A/V A? + B®. Choose 
the sign of the radical opposite to the sign of C. 

Perpendicular distance d from line Ax + By + C = 0 to point P,(x, y:). 

d = (Aas) + By: + C)/V A? + BY 


laKohe= 0, and the radical is given the sign opposite to C, d is positive when P; and O 
are on opposite sides of the line, negative when on the same side, 


Relations between two lines Aiz + Bry + C; = Oand Asx +B 
e ; == 2 24 + C, =0. 
es os SEE tata if AiB, — A.B, = 0; they are perpendicular if 2 + 
ag L he angle between the lines = tan7! (A,B, — A2Bi)/(A,4q + 
Locus of an equation of higher de i i 1 
gree in x and y is a group of straight 
lines when the equation can be written as the product of real faotoes of the first 


degree equal to zero. The locus consists of the li i i 
a An a e lines obtained by setting the 


Example. Equation 9x2 — y2 = 0 may b i 
pair of intersecting lines 3z — y = 0, 3z sie cs ee SeaviehGp rain Ste long 
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47. Circles 


Notation. Center C (a, b); radius = r; P(x, y) = any point on the cir- 
cumference. 


Equations of circles. 
(x — a)? + (y — b)? = r?, given radius r and center (a, 6). 
x? + y? — 2ax = 0, center (a, 0) on X-axis; passes through origin. 
x? + y? — 2by = o, center (0, b) on Y-axis; passes through origin. 
xz? + y? = r?, center at origin. 


Polar equation. Art. 48. 


Locus of x? + y? + De + Ey + F = 01s a circle when D? + EH? — 4F is 
positive. Centeris (—14D, —14E), radius = YV/ D2 + H? —4F. Thelocus 
a POINT CIRCLE whenr = 0. The equation has no locus when D?2 + H? — 
4F <0. 


48. Polar co-ordinates 


Polar co-ordinates of a point P in a plane (Fig. 142) are its distance OP 
from a fixed point O (the pote) and the angle AOP between OP and a fixed 
line OA (poraR axis). Distance OP is called the raprus vector of P, angle 
AOP is called the vecToRIAL ANGLE. The latter is positive or negative as 


Fic. 142. Fic, 143. Fie, 144. 


in Trigonometry (Art. 35). The radius vector is positive when P lies on the 
terminal side of the vectorial angle, negative when on the terminal side pro- 
duced through the pole. Polar co-ordinates are denoted by Greek letters 
p (rho) and @ (theta) for polar distance and vectorial angle, respectively. 
Equations in polar co-ordinates p and @ (POLAR EQUATIONS) are plotted by cal- 
culating corresponding values of p and @, plotting the points, and drawing a 
smooth curve through them. 


p2 = a2 cos 26 


Example. Figure 143 shows the locus of 


p2 = a2 cos 20. 0 20 cos 20 p 
The adjoining table gives corresponding values of 0 0) 1 ka 
pand 06. 15° | 30° | .866 | +.93a 
30° 60° .500 + .7a 
45° 90° 0 0 


Length 1 of line joining (1, 61) and ps, 92) is 
1 = Vp? + px? — 2pip2 cos (01 — 62). 
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Relations between rectangular and polar co-ordinates of a point P. (Fig. 
144.) x =pcos0,y = psin@. p = 4V22 4+ y% 6 = tan-y/z. ; 

Polar equations for a straight line and a circle. P(p,@) any point on line, 
or circumference. 


Straight line 


= pcos (9 — n), given nand p. (Art. 46.) 
Locus of p(A cos 9 + Bsin 6) + C = Oisa straight line. 
Equation of a line through pole: @ = a constant. 


f Circle 
p = 2r cos 9; center on polar axis, radius r, circle passes through the pole. 
p = 2rsin 9; center (r, 90°), radius 7, circle passes through pole. 
=e center at pole. 
Teds of p? + p(Dcos 6+ Esin 6) + F = Oisacircle. (See Art. 47.) 


49. Parabola 


Definitions. A PARABOLA is a curve described by a point moving so that it 
remains always equidistant from a fixed point (Focus) and a fixed line (pirEc- 
Trix). Novation. (Figs. 145, 146.) Focus F, directrix DD’, distance from 
foeus to directrix = p. The line drawn through the focus perpendicular to the 
directrix is the aAx1s of the curve. The curve is symmetric with respect to its 
axis. The point on the axis midway between focus and directrix is the VERTEX. 
The vertex lies on the parabola. The chord drawn through the focus ee 
to the directrix is the LaTUS RECTUM; length = 2p. 

Equations of parabola 

= 2px; vertex at origin, axis of curve along X-axis, focus (1p, 0), 


equation of directrix « = -- %p. P(x, y) any point on curve. (Fig. 145.) 
= 2py; vertex at origin, axis of curve along Y-axis, focus (0, Mp), 
equation of directrix, y = —M%p. (Fig. 146.) 


(y — b)? = 2p(x — a); vertex (a, b), axis of curve parallel to X-axis. 

(x — a)? = 2p(y — b); vertex (a, b) axis of curve parallel to Y-axis. 

Polar equation. p = p/(1 — cos @); pole at focus, polar axis along axis of 
curve. 


BiGael45. Fig. 146. MieaaA7: Fie. 148, 


Locus of «2 + Dx + By + F = 0, E not zero, is a parabola with vertex 
(— 4D, (D2 — 4F)/4B), 
axis parallel to Y-axis, latus rectum = — 2B. 
Locus of y2 + Dx + Hy + F = 0, D not zero, is a parabola with vertex 
((H2 — 4F)/4D, — 148), 
axis parallel to X-axis, latus rectum = — D. 
Parabola with axis not parallel to XX’ or YY’, see Art. 53. 
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Construction of parabola. Given focus F and directrix DD’. (Fig. 149.) Draw axis 
MX. Bisect FM, giving vertex V. Through any point A to 
right of V draw AB parallel to DD’. From Fas center with a 
radius equal to MA strike ares to intersect AB at P and Q. Then 
P and @ are points on the curve. Any number of points may be 
constructed in this manner. Figure 147 shows how to trace a 
parabola by sliding a triangle ABE along DD. Ends of string of 
length AF are fastened at A and F. 

To construct a parabolic arch with given span (2a) and height 
(kh). (Fig. 148.) Draw rectangle ABCD, divide AC, AH, OC into 
the same number of equal parts, draw lines aa’, bb’, cc’, On, Om, 
and Ol. The intersections are points on the arch. With OH as 
Y-axis, CD as X-axis, the equation of the parabola in Fig. 148 Fic. 149 
is 22 = a2y/h. i ‘ 


Tangent and normal (Fig. 150). 

yy = p(x + 2x) is the equation of the tangent to y? = 
2px at Pi(21, y1). 

yi(e—a1) + p(y—yi) = Ois the equation of the normal 
Ties 10 PiN. SvuBrancent (=M7T) is bisected at the vertex (TO = 
OM). SuspnorMau (= MN) is of constant length = p. 


To construct a tangent at a given point P; (Fig. 150), draw P\M through P; perpen- 
dicular to the axis OX, lay off OT = OM, draw TP, which is the tangent required. Line 
y = mx + cis a tangent to y2 = 2px whenc = p/2m. Two perpendicular tangents inter- 
sect on the directrix and the line joining the points of contact passes through the focus. 
The foot of the perpendicular drawn from the focus upon a tangent lies on the tangent 
drawn at the vertex. The tangent and normal bisect the angles formed by lines drawn 
through the point of contact and the focus and through the point of contact parallel to the 
axis. (Fig. 151.) Two parabolas with common focus and axis (CONFOCAL PARABOLAS) 
and vertices upon opposite sides of the focus intersect at right angles. The equation 
y2 = 2px + p2 represents a system of confocal parabolas, p having any constant value. 
The equation of a parabola referred to the tangents drawn at the extremities of the latus 


rectum as axes is Vat Vy = V a, where @ = pv 2. (Fig. 152). 


os 


Fi@. 151. Prien Voz, ire too. 


A diameter is a line drawn parallel to the axis of a parabola (Fig. 153). 
The diameter bisects all chords parallel to the tangent at the point where the 
diameter meets the parabola. The distance of a diameter from the axis = p/m 
where m = the slope of the chords. The area of the parabolic segment 
P,QP2, cut off by any chord P,;P2, = 2% area of parallelogram P,P.KS. 
(Fig. 153.) 


50. Ellipse 


Definitions. An ellipse is a curve described by a point moving so that the 
sum of its distances from two fixed points (roc) remains constant. Novation. 
(Figs. 154, 155.) Foci F, FP’. PF + PF’ = 2a. FF’ = 2c. AA’ = MAJOR 
AXIS = 2a. BB’ = MINOR AXIS = 2}. a>b. VertTices A, A’ are the 
extremities of the major axis. CenTuR, O. Latus rectum is the chord drawn 
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through the focus perpendicular to the major axis, length = 2b?/a. Eccrn- 
rricity, e = c/a. e<1. Lines DD, D’D’, (Fig. 156) drawn parallel to the 
minor axis, at distances +a?/c from the center, are DIRECTRICES. PF = 
e X PE, PF’ =e X PE’. An ellipse is also a curve described by a point 
moving so that the ratio of its distances from a fixed point (focus) and fixed 
line (directrix) remains constant (eccentricity) and less than unity. 


Fie. 154. Fic. 155. Fria. 156. 


Formulas. a2=b? +c. c=ae. Db? =ar(1l—e’). e= Vi= Oa, 

Equations of ellipse. . 

xv?/a2 + y2/b? = 1 ory = +bV a? — x?/a; center (0, 0), foci on X-axis, 
P(a, y) any point on curve. 

(x — h)?/a® + (y — k)?/b? = 1, center (h, &), major axis parallel to X-axis. 

Interchange a and b in the two preceding equations if the major axis is 
vertical. 

Parametric equations. x« = acos ¢, y = 6 sin ¢, where ¢ = ECCENTRIC 
ANGLE of point P(a, y), (= ZXOM, Fig. 158). 

Focal radii of P (x, y, Fig..156). F’P =a+ex, FP = a — ex. 

Polar equation. p = a(1 — e?)/(1 —e cos 6); pole at left-hand focus, 
polar axis drawn through other focus. (Fig. 156.) F’P = p, Z OF’P = 98. 


Locus of Az2 + By2 + Dx + Ey + F = 0, A and B positive numbers (not zero), is 
an ellipse when R = 14(D2/A + E2/B — 4F) >0. Center is (— D/2A, — E/2B); semi- 
axes (VR/A, VR/R) major-axis is parallel to X-axis or Y-axis according as A < B, or 
A> B. ¥or A = B, locusisa circle. For R = 0, locus reduces to point (— D/2A, — E/24A), 
& POINT-ELLIPSE. The equation has no locus when R < 0. 

For an ellipse with major axis oblique to the X-axis, see Art. 53. 


Construction of ellipse. When the major and minor axes AA’, BB’ are given, draw 
circles upon those lines as diameters (Fig. 157) and from any point M on the larger circle 
draw radius OM, and draw SP and MR parallel to OA and OB, respectively, to intersect at 
P, on the ellipse. An ellipse is a flattened circle, in the sense that the ordinates of the large 
circle in Fig. 157 are reduced in the ratio b : a to the given ordinates of the ellipse. Fig. 158 
shows an instrument for drawing ellipses. A, B are adjustable nuts on the crossbar PAB. 
These slide in perpendicular grooves XX’, YY’. When the crossbar is moved, P traces an 
ellipse with semi-axes AP, BP. 

For other constructions, Art. 54. 


Fie. 157. 
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Tangent and normal to ellipse b2x? + a2y? = a2b?. 

Brix + ayy = a*b? is the equation of the tangent at (a1, yi). 

@yiz — b°xiy = (a? — b?)xy, is the equation of the normal through (21y,). 

y= me +c is a tangent when c = + V ame + 62. 

To construct a tangent at P, Fig. 157, extend ordinate RP to meet the outer circle at M and 

_ draw tangent MT; then TP is tangent to the ellipse. Two perpendicular tangents inter- 

sect on the circle x2 + y2 = a2 + 62 (prrEcTOR CIRCLE). The foot of the perpendicular from 
the focus to a tangent lies on the circle z2 + y2 = a2. The tangent and normal bisect 
angles formed by focal radii through the point of contact (Fig. 159). 

To draw tangents from an external point P (Fig. 160). Draw secants PQR, PST; 


chords QT, RS, intersecting at L, and secants QS, RT, intersecting at M. Them LM inter- 
sects the ellipse in points of contact A, B. 


MM P 


Sey 


Q 


Fic. 160. Fig. 161. 


Diameter is a line drawn through the center. Tangents drawn 
at the extremities of a diameter are parallel. All chords parallel 
to these tangents are bisected by the diameter. In Fig. 161, AB and CD are 
CONJUGATE DIAMETERS, each being parallel to chords bisected by the other. 
If m, m’ are slopes of the conjugate diameters, mm’ = —b?/a?. The area of 
the circumscribed parallelogram MNQP formed by tangents drawn at the 
extremities of conjugate diameters equals 4ab. If 2a’, 2b’, are the lengths of 
AB, CD, then a’? + 6? = a? + B. 


B D 
A C M A 
: N 
Fic. 162. Fic. 163. 


To construct an ellipse, given a pair of conjugate diameters AB, CD (Fig. 162). Draw 
the parallelogram LMNP, divide MC and OC into the same number of equal parts, draw 
lines from B and A, through like-numbered points. These lines intersect on the ellipse. 


Radii of curvature (Art. 61) for points A, B, at extremities of the axes 
are determined (Fig. 163) by drawing a line from vertex D of the rectangle ~ 
ADBC perpendicular to the chord AB. Then M, N are centers of curvature 
for A, B, respectively, and AM, BN, are radu of curvature. AM = }%/a, 
BN = «?/b. 
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To construct an elliptic arch of given 
height (4) and span (2s) with axes in a 
given ratio (m). (Fig. 164) GH = mh, 
DF is diameter of the circle drawn 
through H. Lines BG, BC, DF are di- 
vided into the same number of equal parts 
and lines drawn to intersect on the ellipse 
as shown. Axes are h + s2/m2h (along 
CD produced), and mh + s2/mh. 

Fie. 164. Approximate construction of ellipse by 
circular arcs. 


With four centers (Fig. 165) 


Lay off CF = OB — OC, bisect BF at S, and draw SH perpendicular to BC. Set off 
OG’ = OG, and OH’ = OH. Then the four centers are G, H, G’, H’, and the radii are GB, 
HC, G’A, H’D, 


Bie. AG: 


With eight centers (Fig. 166) 


Cie Gg, OC b. Draw EGH perpendicular to AC. Then G, H are centers with 
radii GA, HC (radii of curvature at A and C). Produce HC to H’ making CH’ = OC. 


Upon EE’ as a diameter draw a circle cutting CD at M. Then CM =V ab, and is the 
third radius. (See Fig. 55.) Lay off AN = CM, and from G, H strike ares with radii GN, 
HM, intersecting at J, the third center for the elliptic arc from A to C. Hight centers are 
necessary to complete the ellipse. Radius AG = b2/a, HC = a2/b, and the third radius 
CM is the mean proportional between AG and HC. 


51. Hyperbola 


__ Definitions. A hyperbola is a curve traced by a point moving so that the 
difference of its distances from two fixed points (Focr) remains constant. 
Notation. Figs. 167,168. Foci Ff, F’--FF-=2¢,,-PF' — PF = 2a, AA’ = 
TRANSVERSE AXIS = 2a. BB! = CONJUGATE AXIS = 2b. VmRTICHS are A, A’ 


Fie. 167. Fie. 168. Fie. 169. 


Center, isO. Larus rectum is a chord drawn through the focus perpendicu 
lar to the transverse axis produced; length = 2b2?/a. Eccenrriciry e = c/a 
e> 1. Lines DD, D’D’, (Fig. 169) drawn parallel to the conjugate axis a 
distances + a?/c from the center are prrEctricms. PF =e PE, PEP IE 


e X P'k", The hyperbola is also a curve traced by a point so moving that th 
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ratio of its distances from a fixed point (focus) and fixed line (directrix) remain 
constant (eccentricity) and greater than unity. 
Formulas. c? = a?+b%. c=ae. b? = a%(e2?—1). ¢e = V1 + b?/a?. 
Equations of a hyperbola. 
_ e/a? —y?/b> =1ory= + bV x? — a*/a; center (0, 0); foci on X-axis, 
P(x, y) any point on curve. 
(x — h)?/a? — (y — k)?/b? = 1, center (h, k), transverse axis parallel to 
X-axis. 


If the transverse axis is vertical, interchange x and y, and h and fk, in the two preceding 
equations. 


Parametric equations. x =a cosh u, y = 6 sinh wu. (For the meaning 
of u, see Art. 29.) 

Focal radii of Pare F’P = ex +a, FP =ex—a. (Fig. 167.) 

Polar equation, p = a(e? — 1)/(ecos @ — 1); pole at left-hand focus, polar 
axis drawn through other focus. (Fig. 167.) F’P = p, ZXF’P = 0. 

Conjugate hyperbolas have the property that the transverse and conjugate 
axes of one are respectively the conjugate and transverse axes of the others. 
Fig. 170. The equations differ only in 
the sign of the constant term and are 
B02 — 4? (b=. 

Asymptotes of 2?/a? — y?/b? = 1 are 
the lines x/a — y/b = 0, x/a + y/b = 0. 
Conjugate hyperbolas have the same 
asymptotes. The diagonals of the rect- 
angle in Fig. 170 he on the asymptotes. 
The branches of the hyperbola approach 
infinitely near its asymptotes as they 
recede to infinity. 

Rectangular hyperbola, has equal axes (a = }), and asymptotes perpen- 
jicular. e = V2. The equation is, 2? — y? = a®; foci (tav2, 0). The 
squation referred to the asymptotes as axes is, 2ry =-- a2. A rectangular 
hyperbola is also called an HQUILATERAL HYPFRBOLA. (See also below.) 


Fia. 170. 


Locus of Ar? — By2 + Dx + Hy + F = 0, A and B positive numbers (not zero), is a 
1yperbola when R = 14(D2/A — H2/B — 4F) is not zero. Center is (— D/2A, E/2B); 
;emi-axes ViR/Al, Vv |R/Bi (absolute values, see Art. 6); transverse axis is parallel to X-axis 
or Y-axis according as R > 0, or <0. When A = B, the locus is arectangular hyperbola. 


if R = 0, the locus is a pair of lines intersecting at (— D/2A, E/2B), with slopes +V A/B. 

Locus of 2Cxry + Dx + Ey + F = 0, C not zero, is a rectangular hyperbola when 
R = (DH — CF)/C2 is not zero. Center is (— B/2C, — D/2C); a2 = |RI|; asymptotes 
re parallel to OX, OY. When R = 0, the locus isa pair of linesx + H/2C = 0,y + D/2C 
= 0. See also Art. 53. 

Construction of hyperbola. When foci Ff, Fj, and transverse axis AB are given, points 
mn the curve may be constructed as in Fig. 171. FR = FJ =any, radius >AB. JH 
= AB) Fi Re=FE-= FI-=AB. 

In Fig. 172, focus and directrix are given. Triangle JUV is moved along the ruler cage 
directrix), one end of a string of length JV is fastened at J, the other end at F (focus), and 
cept taut by a pencil point at P. PF = PY. Distance from P to the ruler = PV sin 
ZUVJ = PFsin ZUVJ. Hence eccentricity = csc ZUVJ. 

When asymptotes OX, OY and one point A on the curve are given, construction is shown 
n Fig. 173 (which is drawn for a rectangular hyperbola): ANz = M2P2; ANi = MyPi, ete. 


Tangent and normal to b?x? — ay? = a’b’. 
b’xiz — ayy = a*b?, is the equation of the tangent at (1, y1). 
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aye — bry = (a? — b?)ayy1, is the normal through (a, y:). 
y = mx + cisa tangent when e = +V am? — db. 


To construct a tangent at Q (Fig. 171), draw FQ, FQ, and construct the bisector of the 
angle FQF 1. This is the desired tangent. Two perpendicular tangents intersect on the 
circle 22 + y2 = a2 ~— b2. (Impossible when a<b.) The foot of the perpendicular from 
the focus upon a tangent lies on circle 22 + y2 = a2. Tangent and normal bisect angles 
formed by the focal radii through the point of contact. The portion of a tangent lying 
between its intersection with asymptotes is bisected at the point of contact, and forms with 
the asymptotes a triangle of constant area ab. Hence to draw a tangent at A (Fig. 173) 
when the asymptotes are given, draw AM, AR, each parallel to an asymptote. Lay off 
MT =OM, RN = OR, and draw NT. This is the tangent required. 


Fie. 171. Bias E72 Fie. 173. 


Diameter is a line drawn through the center, and will intersect the hyper- 
bola or conjugate hyperbola (asymptotes excluded). The tangents drawn at 
the extremities of a diameter are parallel. All chords parallel to these tan- 
gents terminating in a conjugate hyperbola are bisected by the diameter. 
In Fig. 174, AB, CD are conjugate diameters, each bisects chords parallel to 
the other. Product of slopes = b?/a?. The area of the parallelogram formed 


by tangents at A, B,C, D = 4ab. The vertices are on the asymptotes. OB 
+ OC’ = a? + 2 


TAL 
oSaraeanial 
pena 


Fie. 174. Fig. 175. 


Confocal ellipses and hyperbolas. An ellipse and a hyperbola with common foci inter- 
sect at right angles. The equation 22/(a2 + k) + y2(b2 + k) = 1, for values of k > — a2, 


jess a ee of curves composed of confocal ellipses and hyperbolas. (Fig. 175. 
a=5,b=38 
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52. Transformation of rectangular co-ordinates 


Notation. New axes of co-ordinates 0’X’, O’Y’, are drawn through a new 
rigin O’(h, k). Co-ordinates of any point P are (z, y) referred to old axes and 
‘x’, y’) referred to the new axes. 

Translation. If the new axes are parallel to the original axes, 2 = 2’ 
thy =y' +k. 

Translation and rotation. If the new axis O’X’ makes an angle 6 with the 
riginal X-axis, x = x cos 8 — y’sinO +h, y = 2’ sing + y’ cos6 +k. 

By these formulas a given equation can be transformed so that the new axes 
f co-ordinates assume any desired position. By suitable choice of h, k, and 8, 
eductions of equations to simpler forms may often be effected. (See below.) 


53. Locus of Ax? + 2Bay + Cy? + 2Da + 2Ey + F = O (general 
equation of the second degree) 


By rotation of the axes of co-ordinates through the angle @ = 14 tan-4 
'B/(A — C), the equation will assume a form in which the xy-term is lacking. 
dence the locus comes under the cases already discussed. 

Tests are given in the following table, excluding the case of no locus. 


General case Exceptional case 


Parabola Two parallel lines; one line 
Ellipse Point ellipse 
Hyperbola Two intersecting lines 


A conic section is a curve traced by a point moving so that the ratio (called 
CCENTRICITY) of its distance from a fixed point (rocus) and a fixed line (pIREC- 
RIX) is constant. The polar equation, is p = ep/(1 — ecos@), pole at focus, 
olar axis perpendicular to directrix, distance of focus from directrix = p, 
eccentricity = e. A conic section is a parabola, ellipse, or hyperbola according 
se=1,e<1,ore>1. Plane sections of a right circular conical surface 
re conic sections, a parabola when the plane is parallel to an element, an 
llipse when the plane cuts all elements, a hyperbola in other cases. 


54. Locus problems and parametric equations. 


It is often easier to express the rectangular co-ordinates x, y of a moving 
oint P in terms of a parameter (parametric equations of the locus of P, Art. 45) 
han to derive the rectangular equation directly. Study of the problem will 
etermine the choice of parameter. 


Fig. 176. Fie. 177. 


igid i i i t the extremities of one 

Example. A rigid isosceles right-triangular frame moves so tha 
de ere, on perpendicular lines. Find the curve traced by the third vertex. 

Solution. In Fig. 176, choose Z ABO = @ fora parameter. The side AB of the triangle =a. 
hen «= OB + BM = AB cos 6+ BP cos (90°— 9), Y= MP = BP sin (90° — 6). 
ence x = a (cos 6 + sin 0),y =a cos 9. The rectangular equation is x2 — Qary + Qy2 
_ a2, and the locus is an ellipse. (See Art. 53.) 
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Cycloid is a curve traced by a point P on the circumference of a circl 
which rolls without slipping on a straight line. The parametric equation 
(Fig. 177), are x = a(0 — sin 6), y = a(1 — cos @), @ in radians. The rect 


angular equation is, z = a vers y/a —V 2ay — y?. 


Construction of cycloid, is shown in Fig. 178, in which M,D; = CCi, M2D2 = CC; 
M3D3 = CC3, etc. 

The NorMAL to the cycloid at P passes through A (Fig. 177). A point Q on the radiu 
BP (Fig. 177), or the radius produced, describes a PROLATE cycLorp if @ is inside of th 
rolling circle, and a cURTATE cycLorp if Q is outside. The equations of such a cycloid ar 
xz = aé— bsiné, y = a— bcos when bd = BQ. 


Epicycloid (or hypocycloid) is a curve traced by a point on the circum 
ference of a circle which rolls without slipping on the outside (or inside) of : 
fixed circle. Let the radius of the fixed circle = R, radius of rolling circle = 7 
The parametric equations are: 

Epicycloid (Fig. 179). « = (R +r) cos 6 —rcos (6+ R@/r),y =(R+9r 
sin @ —rsin(@+ R6/r). Hypocycloid (Fig. 180), the same, with the sigi 
of r changed, Parameter @ = the angle described by the line of center: 


Fie. 178. Fie. 179. Fre. 180. 


measured from a position when the tracing point is on the fixed circle. Thi 
normal to the curve for any position of the tracing point passes through th 
point of contact of the circles. (H3A3, Fig. 179.) 


Construction of epicycloid (Fig. 179). Arcs AA1, AAg, ete., on the fixed circle equa 
ares AB, ABs, etc. on the rolling circle. Arcs B,C}, BoCo, etc., are drawn with O as cente 
and Di By = CE), DoB2 = CoH, etc. <A similar construction holds for the hypocycloid. 


Epitrochoid (or Hypotrochoid) is the curve traced by a point (Fig. 17: 
or 180), on the radius of the rolling circle at a fixed distance 6 from its center 
The parametric equations of the curve are, 


x = (R +7) cos 6 — b cos (6 + RO/r), 
y = (R +7) sin 6 — bd sin (6 + R@/r). 


(For a hypotrochoid change signs of rand b.) If R = 2r, the hypocycloi 
is a diameter of the fixed circle, and the hypotrochoid is an ellipse. TfR = 4 
the hypocycloid has four cusps and is called the asrrorp (Fig. 181). Its rect 
angular equation is 4 + y%4 = R*%, If R = 2r, the epicycloid is the car 
piow. (Fig. 182.) When each chord drawn from a fixed point of a circle i 
produced a distance equal to the diameter, the extremities will lie on a car 


dioid, 
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The polar equation of the cardioid is p = a(1 + cos 6); (Fig. 182). The 
rectangular equation is (x? + y? — ax)? = a(x? + y?). 

Involute of a circle is the curve traced by the end of a taut string wrapped 
around a fixed circle and unwinding. The parametric equations are (Fig. 
183), 


x=rcosé+7r6ésin 0; y =rsin 0 — ré cos 6, (@ in radians). 


At any instant the portion of string unwound (as BP) is normal to the 
involute and tangent to the circle, and BP = arc AB. 

Catenary is the curve assumed by a flexible cord of uniform density when 
suspended at its extremities. Its equation (Fig. 184) is y = a cosh (z/a). 
(Table 21.) The constant a equals the ratio of the horizontal component of 
tension in the cord to the weight of cord per unit length. The length of the 
normal drawn from P(x, y) on the curve and intercepted by OX = y?/a. 


Fie. 181. Fie. 182. Fie. 183. Fie. 184. 


Spiral of Archimedes is the curve traced by a point moving with constant 
speed v on a line which turns about a fixed point on itself with uniform angular 
velocity w. (Fig. 185.) The polar equation is-p = a@ (6 in radians), where 
1 = v/w, w being expressed in radians per sec., or p = b6/360° (@ in degrees, 
i 7d). 

To construct the curve, draw radial lines OR1, ORo, OR3, etc., forming angles a, 2a, 
3a, etc., with OX; lay off OP; = aa (a@ in radians) = ba/360 (a in degrees), OP: = 20971, 
)P3; = 30P;, etc. Consecutive coils of the spiral intercept equal lengths (27a) on any 
adius. The normal at any point P cuts off a constant distance a from O on a line ON 
lrawn perpendicular to OP. 


bre, 18: Fic. 186. 


Logarithmic spiral is a curve cutting all radii drawn to it from a fixed 
joint at the same angle. The polar equation is, p = be? (@ in radians). (Fig. 
86.) The cotangent of the angle between radius OP; and the tangent at 
>, equals a. The radius equals b when @ = 0. If Pi and P: are points on the 
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curve, and angle POP; is bisected and OP; is laid off on this bisector equal to 


the mean proportional between OP;, and OP: (OP; anf OP,-OP2), then P3 
is on the curve. For negative values of 6 increasing numerically, the spiral 
winds about O with decreasing radius. ~ 


To construct a normal at P, lay off on OP from P a length equal to 1, at this point erect 
a perpendicular to OP of length a, then the normal passes through the end of this per- 
pendicular. 


A helix is the path of a point which moves on a right circular cylinder of 
radius r at constant speed v parallel to the axis and at the same time rotates 
about the axis with uniform angular velocity w (radians per sec.). The curve 
cuts all elements at an angle 4 whose tangent equals rw/v. Consecutive coils 
intercept equal lengths h(= 27r cot A) on an element. The length of a helix 
for one complete turn equals 2xr/sin A. The curve formed by a screw thread 
is a helix, and h = the pitch of the thread. 


CALCULUS 


55. Functions 


Definitions. When two variables x and y are so related that the value of 
y depends on the value of x, then y is said to be a FUNCTION of x. The func- 
tional relation is written y = f(x) [read f of a]. If x = x gives a corre- 
sponding value of y as yo, then yo = f(xo). The GRAPH OF A FUNCTION is the 
curve obtained by plotting corresponding values of x and y as rectangular 
co-ordinates (Art. 11). A mathematical expression containing a variable is a 
FUNCTION of this variable. In y = f(x), xis called the INDEPENDENT VARIABLE, 
y the DEPENDENT variable. 

From y = loge z, it follows that « = eY (Art. 15). Functions loge x and eY are called 
INVERSE FUNCTIONS. 

An INCREMENT of a variable is an increase (+) or a decrease (—) in its 
value. Increment of x is denoted by Ax (read ‘‘delta x’), of y by Ay; ete. 
When values of the independent variable (x) and its increment (Az) are given, 
the increment of dependent variable y = f(x) is Ay = f(x-+ Ax) — f(x), that 
is Ay is the difference of the values of the function 
for the two values (x + Avand x) of the independent 
variable. 

Example. If y = 2 sin z, the increment of y when xz = 


30° and Ar = 2° is Ay = 2 sin 32° — 2 sin 30° = 2(0.5299 — 
0.5000) = 0.060. 


The RATIO OF CORRESPONDING INCREMENTS Ay/ Az 
; is the slope of the secant drawn through points on the 
graph of the function with co-ordinates (x, y) (x + Az,y + Ay). Thus, 
in Fig. 187, Ay/Ax = RQ/PR = tan Z RPQ = the slope of the secant line 
PS through P(z, y) and Q(a + Az, y + Ay). 


56. Derivatives 


The derivative of a function is obtained by calculating the ratio of corre- 
sponding increments of the function and independent variable and finding the 
LIMITING VALUE Of this ratio when the increment of the independent variable 
decreases numerically and becomes zero. The fact that a variable as Az 


a 
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decreases numerically and becomes zero is written At = 0 (read Ax approaches 
zero as a limit). 
Notation for derivative of y with respect to x is dy/dx (or Dzy). From 


ag and fy A 
the above definition, - = the limiting value of (3) when Ax = 0, or 
. . A 
Limit ia , aS it is usually abbreviated. 


Ar=0 \Azx 
Notation for derivative of f (x) with respect to x is 


cet 4p Ain) = Sia) 
r=0 Ax ‘ 
This equation shows formally the steps necessary to calculate the derivative of a func- 


tion. For actual work formulas for derivatives (or DIFFERENTIALS) are at hand, and 
those given below suffice for engineering problems. 


d 
af) =F'@) = 


Slope of tangent at a point on the graph of y = f(x) is given immediately 
by the derivative of the function, that is, the value of the derivative for a given 
value of x equals the tangent of the angle formed with the X-axis by the line 
drawn tangent to the graph at the corresponding point. 

In Fig. 187 when Ax = 0, the point Q takes successive positions on the arc PQ nearer P, 
the secant PS turns about P, and, eventually, when Az becomes zero, secant PS becomes 
tangent to the graph at P, its slope becoming, in the limit, the slope of P7. 

Formulas for derivatives, in which c, n, are constants, e the Napierian base 
(Art. 15), and wu, v, w, are functions of z. 


dc d a 
(1) a =" () (11) an =a c’logec 5. 
dx feel the do 
(2) dz I. (12) gp Sine = cosvy. 
a EAE ePMOONT scl! CERN LAS NG 
(3) aa esditets, Bhi oda de da’ (13) ap COSY =~ Sin OF 
d dv aie “ere ae 
(4) De (cy) = ome (14) 7, ane = sec?» reg 
d dv du 3 d > dy 
(5) ae (w) = ur, -- ve (15) rm cot v = — esc oa 
d o_ nl * ad a dv 
(6) a = n(v) de (16) Ty 88° Y = Bee” tan v ta 
d [wu 1 i (ot a) waits ie dy 
y dx (“) re "dx eae (17) de ese v = — ese v cot vi 
d 1 dv bee etnen.. <3: dy 
(8) Fy Oe” ane (18) qin te vii ae Vis 
d logio e dv g uvearreape: 1 de 
(9) ay 180” ENON: OP: (19) an °° Ly eats Gis: 
d dv . ys "ei us dv 
(10) rr = "de (20) tani» = meer 


*In 12-17, v must be Sin i in Fate 
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d 1 dv d Ah dv 
(21) zi cot~y = pers: (28) ee sech vy =— sech v tanh re 

d il dv i as 
(22) dx scuab @ jae al dx’ (29) 7a sch» =— eschv coth Tr 

d 1 dv 

—ese“ty = — —j=——= 5. d 1 ad 
2) ae ear oV yp? — 1 ae (30) = Sinha. 2) PRs aa fe 

Vv 
: dv 

(24) Ty sinh v = cosh oe - a eee’ ; ie 

d “art TTgAs (6) Ge cObhGt = V7. 
(25) de cosh v = sinh vin 

d dv (32) dv = dy dt 
(26) “a tanh v = sech? vr dx dt dz 

d dv 0 id dx 
(27) a coth? v = — esch? oe (33) Fes 1 D 


Differentiation of a function is accomplished by applying in succession for- 
mulas from the above list. 


d 4 = 
Examples. (1) Find a” ? + 22. Apply (4) withe = 3, » =V9 + 2%; the result is 
sao +22, Change the square root to the power 4% and apply (6) with » = 9 + 22, 
x 
Sip. yd d d d 
n=%. This gives3 X 144 + 22) “a + 22). Now apply (3). an? + 22) = qe aa 
d 
By (1) “9 = 0, and by (6) and (2) aa” = 2x. The final result is 32(9 + 22) 2, or 
x 
32/ V9 +22. Ans. : : 
(2) Find “ (25 cos x — 12.8 cot x). Applying (3), dn? cos x) — mi2s cot x). Apply 
(5) in each term and then (13) and (15). The result is — 25sinz + 12.8csc2z. Ans. 


Logarithmic differentiation is a method under which the derivative of the 
Nap log of a function is worked out and this result multiplied by the function 
the final product being the derivative of the latter. 


d x x 
PINTS ae ees Woe een oy - il 9 — 22). (S : 
Example. Find ieee Ofe Vee ger — VY loge( 22). (See Art. 4) 


Differentiating this by (3), (4), (8), successively, the result is a + iy SPE ES 29 — 


3% 
Multiplying this by 7 


SS the product is 9/(9 — 22)3%. Ans. 
a2, 


V9 


57. Applications of differential calculus 


Maximum and minimum values of a function. In Fig. 188, which repre 
sents a graph of f(x), the value of f(x) for = OM is rep 
resented by MA, and this value of f(x) is said to be : 
MAXIMUM, because it is greater than the values of th 
function immediately preceding or following it. Similarly 
the function has a minmuum value (=NB) when x = ON 
The slope of the graph is zero at A and also at B (hori 
zontal tangents). Passing along the graph through / 
Fig, 188, from left to right, the slope changes sign from + to — 


. 
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while at B, the slope changes sign from — to +. Hence f(z) is a maximum 
for ~ = a when its derivative vanishes for x = aand changes sign from -++ to — 
as x increases through a; f(x) is a minimum for x = a when its derivative 
vanishes for x = a and changes sign from — to + as x increases through a. 
To examine a function for maximum or minimum values, find its deriva- 
tive, set it equal to zero, and solve this equation for values (cRITICAL VALUES) 


of the variable. Consider one critical value at a time and determine the sign 


of the derivative, first for a value of the variable a trifle less than the critical 
value, and second for a value a trifle greater. Change in sign from + to — 
shows a maximum value of the function for the particular critical value, of 
— to +, a minimum value. 

In many problems the function to be examined must be derived and it is 
often advisable to graph this function. The conditions of the problem usually 
determine without testing whether the function is a maximum or a minimum. 


; Examples. (1) An opening is to be dug from a point A to a point B, 300 ft. lower than 
A and 500 ft. east of A. On level A the opening is dug through earth, below A through 
solid rock. The cost through earth is $1 per linear foot, through rock $3 per linear foot. 
Find the distance tunneled on level A for least cost, and find the least cost. 


<--~ 5 ----->¢ 


i 
1 
' 
! 
\ 
1 


Fie. 189. Fic. 190. Fig-s191; 


In Fig. 189 the distances are marked in hundred feet. The cost of a tunnel from A to 12 
is 100(5 — z) dollars, and of the incline from P to B is 100 X PB X 3 = 300V9Q + 22 


dollars. Hence the total cost is 10015 —x +3V9 + x2] dollars. Fig. 190 shows 
the graph of this function. For minimum cost the derivative must vanish, hence 


i15 —~z+v9422]=0. The result (see Ex. 1, Art. 56) is — 1+ 32/V9 +22 = 0, 
x 


or V9 +22 = 37. Squaring and solving for x, x =V% = 3V/2/4 = 1.06. Hence the length 
of the tunnel section is 500 — 106 = 394 ft. The length of the inclined part through 
rock is V9 + 94 = 3.18 hundred feet. The minimum cost is 394 + 954 = $1348. Ans. 

(2) A girder 25 ft. long is moved on rollers along a passageway 12.8 ft. wide and thence 
into a corridor at right angles to the passageway. Neglecting the width of the girder, how 
wide must the corridor be? 

In Fig. 191, w = AE — AD = AB cos t — CD cot a, or w = 25 cos  — 12.8 cot z. 
When the girder just swings clear, w is a maximum, hence dw/dx = 0. This gives (by 
Ex. 2, Art. 56) — 25sinz + 12.8csc2x = 0. From Art. 31, ese ¢ = 1/sin x, hence sin? 
2 = 12.8/25 = 64/125. Thensin x = 4%, and cos x = 36, cot x = 34, w = 25(%) — 12.8(34) 
=15—96=5.4ft. Ans. 


Derivatives of higher order arise when the first derivative is differentiated, 
this result differentiated, etc. The order of a derivative is indicated by the 
number of times the original function is differentiated. A second deriva- 

: .. a (dy ay 
tive is the derivative of the first derivative. The notation is a (H) eas 
d'y dty d”y 


(second derivative); ae? de® 7? da™ third, fourth, ..., nth, derivative, 


respectively. For f(x), successive derivatives are ALONE by placing an 
accent on the f, as f(x), f(x), f(a), F(a) « . » £@). 
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Sign of second derivative for a given value of « determines whether the 
graph is below the tangent at the corresponding point on the graph, 7.e., 
whether the graph is ‘““concave downward,” as at A, Fig. 188, or above the 
tangent, i.e., “concave upward,” as at B, Fig. 188.° The rule is, if the value of 
the second derivative is positive, the graph is concave upward; if negative, 
the graph is concave downward. 


Second test for maximum and minimum values of a function. f(x) is a maximum for 
xz = aif f(a) = 0 and f’(a) is negative, and a minimum if f’(a) = 0 and f’’(a) is positive. 
This second test is convenient when the second derivative can be readily calculated. 


58. Differentials 


Definitions. The DIFEERENTIAL OF A FUNCTION is the product of its 
derivative by the increment of the independent variable. d[f(x)] = f’(x) Az. 
Then d(x) = 1 X Az (written dx = Az). Also dy = dy/dx times dz. The 
differential and the increment of an independent 
variable are identical, but the differential and incre- 
ment of a function are not. In Fig. 192, when 
passing from P to P’, Ax = MM’ = PQ = dz, in- 
crement of function y = f(x) is QP’, but the differ- 
ential of the function is Q7, that is the differential 
of the function is the increment of the ordinate of 
the tangent to the graph at the point under con- 
sideration. Differentials are INFINITESIMALS, that 
is, variables whose numerical values decrease and 
ultimately become zero. The preceding definitions give the derivative 
equal to the quotient of corresponding differentials dy and dx (a DIFFER- 
ENTIAL QUOTIENT). The differential of a function is the principal part of 
its increment. The ratio of the increment to the differ- 
ential becomes unity when the increment of the variable Y 
becomes zero. In problems involving infinitesimals, the p 
increment of a function is replaced by its differential. Gz Ay 
This principle of replacing the increment by its differen- re a 
tial has wide application in calculus. More generally, gis Laake 
one infinitesimal may be replaced by another if the limit 


| of their ratio is unity. Fie. 193. 


Example. Find the differential of the are of a curve. Passing from P to Q along the 


eurve (Fig. 193), the increment of are is are PQ = As. The chord PQ =V (Az)2 + (Ay)2 
| When Az = 0, the ratio of are PQ to chord PQ becomes unity. Hence chord PQ may be 
replaced by As, this by ds, and Ar and Ay by dx and dy, respectively. Hence ds = 


V dx2 + dy2. Ans. 


| Differential of arc s of a curve. In rectangular co-ordinates, ds = 
| V dx? + dy? = V1 + (dy/dz)? dx = V1 + (dx/dy)? dy. In polar co. 
| ordinates ds =V dp? + p2de? = a/ 2 + (dp/dé)? dé. 


59. Small errors 


If an error h is made in measuring x, the corresponding error in calculatin; 
f(x) is f(z +h) — f(x) = increment of f(x). When h is numerically small, th 
increment of the function may be replaced by its differential, that is, error i 
f(x) = f'(x) times error in x. This formula determines the degree of approxi 
mation in value of a function when the degree of accuracy of the measuremen 
of the variable is known, 


™_ " ae —s 
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Example. An angle x is measured as 45° with a possible error of + 1’. What is the cor- 
A : a4 d 
responding errorintan x? olution. The error in tan x = a (tan x) times the error in x (in 


radians) = sec2 x times error in x. By Table 11, 1’ = 0.000291 rad. Sec? 45° = 2. 
Hence the required error is + 0.000582 unit, that is, tan x lies between 0.999 and 1.001, 
using three decimal places. 


Probable error of y = f(x) is f’(x) times the probable error in x. (Art. 22.) 


60. Rates 


In Fig. 192 rate of change of y along the tangent PT per unit change in z is 
constant and equals numerically the slope of the tangent. But the rate of 
change of the function at P (instantaneous rate) per unit change in z is the 
same as the rate of change at y along the tangentat P. This gives an in- 
terpretation of dy/dx as a rate, namely, rate of change in y per unit change in 
zx. This fact in connection with derivatives is of great importance in applied 
science, 

Examples. (1) The velocity of a point moving along a line at a distance x from a fixed 
point on that line is dz/dt, (variable ¢ representing time), since vELocrry is the rate of 
change of distance per unit change in time (time rate of change of distance). ACCELERATION 
= dv/dt, the time-rate of change of velocity. 

(2) Sand pouring from a chute at the rate of 50 cu. ft. per min. forms a conical pile 
whose base has a diameter always equal to its height. How rapidly is the height of the 


pile increasing when it is 10 ft. high? 
In Fig. 194 the volume of the pile = V = MYrx-x2/4 (Art. 30). Hence V = 123/12. 


dV 
Differentiating with respect to ¢, the result is ae x/12 X 3a2dx/dt. Now dV/dt = time- 


rate of change of volume = 50 cu. ft. per min. (from the given data), and x = 10 ft. Also 
dz/dt is the rate at which the height of the pile is increasing per unit time. This is the 


dV . 
unknown sought. Solving, dz/dt = 47 [te = 200/1007 = 0.64 ft. per min. Ans. 


61. Curvature 


Definitions. The cURVATURE OF A CURVE relates to the rate at which a 
point describing the curve changes the direction of its motion. In mathe- 
matical terms, CURVATURE AT A POINT is the rate of change of the angle which 
the tangent forms with a fixed line per unit arc on the curve (arc-rate of change 
of direction). In Fig. 195 the tangent turns through angle Ai as P moves to P’, 
a distance As along the curve. The curvature at P = di/ds. Angle 1 is 
measured in radians, and curvature is therefore expressed in radians per unit 
length of arc. The CURVATURE OF A CIRCLE is the same at all points and equals 
the reciprocal of the radius, numerically. CrrcLe or curvaTuRE (Fig. 196) at 
point P on a curve is the circle tangent at P whose curvature equals that of the 
curve at P. The center of this circle is the CENTER OF CURVATURE of the 
curve, The circle of curvature crosses the curve at the point of contact, 


Fig. 194. Fig. 197. 
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Formulas for curvature 


Rectangular co-ordinates. K = curvature, R = radius of curvature, 
(a, b) = center of curvature, p = dy/dx, q = d*y/dzx?. 

K=q/i +p)”. R=1/K.a=x2— p+ p?)/¢. b =y+ (1 + p’)/¢. 

Polar co-ordinates. s = dp/d6, 4 = d?p/dé?. 

KS (p? = tp P28") (pk 82) = 1/K: 

The point of intersection of normals drawn at consecutive points P(x, y) 
and Q(x + Az, y + Ay) approches the center of curvature at P when Q moves 
along the curve toward P. 

Evolute of a curve (Fig. 197) is the locus of the centers of curvature of that 
curve. To find the equation of the evolute from the rectangular equation of 
the curve, work out expressions for a and b by the formulas given above, and 
eliminate x and y from these equations by means of the equation of the given 
curve. 


Formulas for radii of curvature (R) for standard curves, and their evolutes 


Parabola (y2 = 2px). R = (p + 2x)38/Wp = (p? + y?)%/p? at (a, y). 
Evolute 27py? = 8(« — p)?. 

Ellipse (b2x? + a?y? = a%b?). R = (b1x2,+ aty?)?4/atb! at (a, y). 
Evolute (ax)?3 + (by) = (a? — b2)”8. 

Hyperbola (b2x? — a’y? = a%b2). R = (b4x? + aty?)*/a‘bé at (2, y). 
Evolute (ax)?74 — (by)?8 = (a? + b?)*%, 

Rectangular hyperbola (2ry = a?). R = (2? + y?)%5/a* at (a, y). 
Evolute (x + y¥)7 — (a — y)# = 2a. 

Cycloid (equations, Art. 54). R = 4asin 0/2 = 2AP (Fig. 177). 
Evolute x = a(6’ — sin 6’), y = all — cos 6’), (6 = 6+ 7), an equal 

eycloid. 

Epicycloid (equations, Art. 54). R = 4(R’ + r)r sin (R’0/2r)/(R’ + 2r). 
(R’ = the radius of the fixed circle.) 

Hypocycloid (equations, Art. 54). R = 4 (R’ — r)r sin (R’0/2r)/(R’ — 2r). 
(R’ = the radius of the fixed circle.) 

Catenary (Art. 54), (y = acosh z/a). R = y?/a, at any point (2, y). 

Spiral of Archimedes (Art. 54), (o = a@ [6 in radians]) R = (p? + a?)?2/(p? 
+ 2a’). 

Logarithmic spiral (Art. 54), (p = bet) R = pV1 +4 a2. 

Properties of an evolute. The normal to a given curve is tangent to the 
evolute at the corresponding center of curvature. The length of the are of 
the evolute between two centers of curvature 
equals the difference of radii of the circles of 
curvature of the given curve having these 
centers. 


In Fig. 197, are CiC7 on the evolute = radius C7P; — 
radius CjP,. 


Curves having a given curve as a common 
evolute are called InvoLuTEs of that curve. 
(Also called PARALLEL CURVES.) 


Fig. 198 shows three involutes with a common 
evolute. It a flexible string is made to take the form 
of the evolute, and the free end is unwound and kept 
Fic. 198. taut, this end will move along an involute. 


AS 
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62. Series 


Definitions. A PowrR SERIES consists of an indicated sum of terms each 
of which is the product of a constant and a positive integral power of a 
variable, arranged according to ascending powers of the variable, the number 
of terms being unlimited (INFINITE SERIES), 


Example. 1+ Wr + 4x2 + {a3 +... ad infinitum. 


For a given value of the variable, the sum S, of n (any number of) terms is a 


function of nm. If, as n increases indefinitely, Sn remains finite and approaches 


a definite value S, that is, if oe S, = S, then the series is said to be con- 


VERGENT for this value of the variable and to have a sum equal to S. A power 
series which is convergent for values of the variable within a certain interval is 
called a CONVERGENT SERIES. A power series convergent for no value of the 
variable is called DIVERGENT. 

Expansion of a function in a power series is accomplished by means of 
the following formulas. 


Taylor’s series 


Powers of (x — a), where a is a given value of zx. 


fla) = fl) + Fae = @) $$) + pee +... 


= Ds 


4 (geo Powe, 


Maclaurin’s series 


Powers of z. 
23 


fle) = flo) +02 +I + HOR +... FIMO + 


Such an expansion is valid only for values of # for which the series is convergent. Deter- 
mination of the interval of convergence of a given series is a necessary precaution before 
using it instead of the function in numerical calculations. (See below where the interval 
of convergence is given for many series.) Expansion of a function as a polynomial of nth 
degree with a remainder is given by Taylor’s Series using first (n + 1) terms and adding 
the R@MAINDER TERM, f(%+1)(z)42+1/(m + 1)!, where the value of z lies between a and z. 
This polynomial gives an approximate representation of the function for those values of x 
for which the remainder term is numerically less than the limit of error determined by the 


problem in hand, 


Alternating series have the, characteristic that successive terms have 
opposite signs. Such a series converges if successive terms decrease in numer- 
ical value and tend toward a limit zero. The sum is then less than the first 
term. 

Convergent power series, The interval of convergence is written after 


each series, 
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1. Binomial Series (Theorem) Interval of convergence 


19> 1 942895 
4% = 4 — | —y? — 3 2 4 
(l+2)-4 =1- Wetoge-gggtt-:: och 


— a) ba bPa? bixs ) 22 2 
Kase be) = items eee Cig eae b2x? < a?. 
nlm =|), 
(Lp a)® = 1+ + 
—1 —2 
4 Men ee. xe<l 
gan Cys oe 
2 P=ltetaytat +--+ byt. all values of x. 
CES eee 
3h sme=t—-a tao t--- all values of x. 
Lee et Mee 
4, BB sae all values of x. 
5. tang =2+5 sie amie aloes feck 5 x2 < Wr, 
\ a oa oh ) s 
6. OSeLX = ree ears ars ea) +. cf oO, 
ie 6126 : 4 
ie sor =—I+otay te +-.:- a? < Vn? 
8 ae r 1-3 x 1-3-5 27 Z 
 Sinaleea? +e tsgetspert: ci AeA 
9 tanci!2 = 2 — Yr + Wr — We 4. we. Ci Ob 
: oc 2 xt 
10. icmicinerciaas ae ae all values of 2. 
Lie seesh. = 1% +55 +5 +5 DaEe all values of 2. 


An approximate formula for a function results when the function is set 
equal to a finite number of terms of its expansion in a convergent series. Such 
a formula holds with a certain degree of exactness for values of the variable for 
which the series is convergent. If the series is alternating, the error is less than 
the term in the series following the last term in the formula used. 


Example. V1 +2=1-—-— Ya for 22 <1. ‘The error is numerically less than 
322/8. This result follows directly from the first series given above. 


Computation by series is often a useful means of calculation when Tables 
are not at hand, or when the degree of approximation desired exceeds that 
given in Tables, or obtainable by the logarithms which are accessible. 
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_ Example. Calculate (34)75 to four decimal places. The nearest fifth power to 34 is 
32 = 25. Write the required quantity (32 + 2)75 = (32(1 + V6)” = (32)75(1 + Vi6)% = 
4 + V6)”. Now (1 + 2)” = 1+ 22/5 — 322/25 + 823/125 — 2624/625 + ete. Put 


2 = Ve. Then (34) = 4 + 0.1 — 0.001875 + 0.0000625 — 0.000003 +... Taking 4 
terms, the result is 4.0981875 and the error is less than the fifth term 0.000003. Hence 
4.09818 is correct to five decimal places. (See Table 27.) 


63. Partial derivatives 


A function of several independent variables x, y, z,.. is represented 
by f(x, y, 2, ...). Derivatives may be formed by varying one variable only, and 
are called PARTIAL DERIVATIVES. Novation: 6f/ézx, df/dy, df/5z, etc., or 


of of 
ay “fe 520" S eae 


When the independent variables receive increments dz, dy, dz, etc., the 
PRINCIPAL PART of the increment of the function is df. Whenaz, y,z... are 
functions of the same variable t, the TOTAL DERIVATIVE of f with respect to ¢ is 


df Ae sf dx of dy | of dz 
dt 6x dt ' dy dt ° dzdt 


6 
Dzf, Dyf, Dzf, etc. The TOTAL DIFFERENTIAL is df = wae + 


Sh fea. 


This formula gives the rate of change of a function in terms of the rates of 


change of the independent variables. 
Small errors. When the value of a function is determined by measure- 


ment of several variables x, y, z,... with small errors dx, dy, dz, .. ., the 
corresponding error df in the function is given by the above formula for total 


differential df. 


Example. Two sides z, y of a triangle are 81.25 in., 91.04 in., respectively, with pos- 
sible errors -— .01 in. in each. The included angle C is 30° with a possible error of 1’. 
Find the maximum error possible in the area. 

Solution. Area = u = oxy sin C (Art. 29). Form du by the above formula. Then du = 
Yy sin C dx + Wx sin Cdy + Yzy cos CdC. Substitute x = 81.25, y = 91.04, dx = dy = .01, 
sin C = 0.5, cos C = 0.8660, dC = 0.0002909 (radians in 1’). Result is du = 1.36 sq. in. 
Ans. Note that the area computed by the given values is 1850 sq. in. 

Percentage error is the relative error du/u(d Nap log u) times 100. 

In the above example, du/u = dx/x + dy/y + cot CdC, that is, the relative error in 
area equals the sum of the relative errors in measurements of the sides x and y increased by 
the relative error in sin C. (See Art. 2.) With the same absolute error in reading the angle 
C, the relative error in the value of sin C decreases as C increases. For the values given, 
du/u = 0.000735. Hence the percentage error is 7400 of 1 per cent. 

The probable error e of a function f(z, y, z,...) in terms of the probable errors ¢), é2, 
ez ,,,0Of measured quantities 2, y, z, is given by formula 


é= AV (6f/ 6x)2e2 + (6f/ dy)2e22 + (f/6z)2e32 +.... 


INTEGRAL CALCULUS 
64. Integration 


Definitions. InTEGRATION is the process of finding a function of which a 
given function is the derivative, hence it is the inverse of differentiation. The 


sign of integration is read ‘integral of.’ The process is indicated by 


writing the integral sign before the given function multiplied by the differen- 
tial of the variable. 
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d : 
Example. foxae = 322, since ane” = 6z. Also fozae = 322+ C, where C is 


any constant, called the CONSTANT OF INTEGRATION. 


Integration is accomplished by reference to a Table of Integrals, The 
given integral is compared with one of similar form in the table, and, if neces- 
sary, made identical with this by simple substitutions. The examples given 
below illustrate the method. 


65. Table of integrals* 


General forms 


(1) favenia: = f(z). 


(2) f feu = cf J(x)dz, where ¢ is a constant. 


(3) fo + v)dx = fas + f oe 
(4) frae =U) — f va 


Remark. Formula 4, ‘‘integration by parts’ is very useful. It may be written 
frepazeon = h(x) f(z) — f xeyatneoy, 


The integral remaining in the right-hand member may often be found in tables when the 
original integral is not. In applying the formula, the given integrand is to be factored into 
the product of a function h(x) by the differential of another function f(z). 


Integrals involving a + bx 


_ @ ras) wed 


(5) fo + bx)"da bin + 1) 


, unless = — 1, then use (6). 


dx 1 
(6) putitgnd op! Nap log (a + bz). 
xdx 1 
(7) Pas = pile + bz — a Nap log (a + ba)]. 


xd. 1 
(8) {) oe a + be)? = 2a(a + be) + a? Nap log (a + bz)]. 
dx x a - ee 
(9) Ix Fy fie as ~ Nap log 


xdx 
se fins = 1 | Nap log (a + br) + = ao) 


* The constant of integration C should be added to the right-hand member in every 
formula. a, b,c, m, n, p, are constants. 
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_ ede me 
(11) Geb e *, fa'tibe 0a Naplog (a2) — mauris 


_ 22a — 3dr) V (a + ba)8 b)$ 
15b2 


dx V go hee wa. 
tea —=——, fora > 0. 
i ig gE) Fs gag PY 


: dx 2 a+ bx 
14 fF = tan7! , fora <0. 
Oe aVa +br V-—-a —a 


(12) rVa + brdz = 


(13) 


x dx 2(2a — bx) : 
(15) a= 32 Va + be. 
(16) SHES - ate + af 2 
x aVa + br 


(17) ft a"dx 22" V a + bx a 2an x" —1dzx 
Vatbe  (2n+1) b(2n + 1)) Va + bn 


, un- 


dix Va+tbs _ (2n — 3)b da 
Hie, +b (a> Nas 2 — rl rere + bx 
less n = — 1, then see 13, 14. 


Integrals involving a? — x?, or x? — a?, or x* +a? 


dx 1 a+ bx 
>) 4 — bx? 2ab Nap ice a@ — bx 


dx x 
—— a eas 
(24) {A =e cosh x 


2)D-+1 
(25) | a(a + ba?)?dx = Oe ae unless p = —1, then use (26). 


Las 1 5 
(26) ae bat "Yoh Nap log (a + bz?). 
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(27) fve — 2dr = VorV a — 2? + Ya? sin — 
(28) fv ‘? tadr = Yoav x? + a? +a? + Ya? Nap. log (x + Vx? +a? +a’), 
dx 1 a 
en at: 
ee J Pr a ar 
dx 1 
0) | Syaree ny aéen be 
Va? + 2? dx ———— at+V@st2’ 
(i) ee VO oe Nap log = sae Ee 
Ok fos 2 y 
(32) pctitiea'al =i\/2? & a? — a cos= a 
x L 


Va — 2x V a2 at : x 
(33) caw ae =(— Se = aS ee 


zx a 
m2 2 / 2 + 2 es 
(34) eae dx = a sical + Nap log (c +-V/z? + a’). 


ade N 
06) | eoaE nH 


edz 
(36) lee Fide qr 


ee (m — 1)a? . Se 4 
ie 4 m (a? — x2)” se 


Pearle’ is ede 
Vx? +a? 


Integrals involving a + bx + cx? 


1) fe Bens ag: Ode ges 
= ce aa = tan , a 
( a ie + cx? ~ ~/4ac — b2 V4ac — fen oe pai 


(38) i dx 1 New 2er + bs— Wb? > 4ae 
= ap lo ————— 
@.+ bx ex? 4/2 “ae o © Doi kh ABT age 


when. b? > 4ac. 


2cx — b 


d 1 
39) { = ain 
Va + bx — cx? Va Vb? + 4ac 


dx 1| ee 
40 ——— NAMA 2¢3 b 2Vc BA ea 
( ae Eves ap log (2cx + b + ca + ba + cx) 


41 x dx ioteu tae 1 “ ; b an 
(41) Heriot a2. + 2¢ ap log (a + a Oe aoe a+ bx + cx 


eS SATs) e+ cx? — — | ————_ 
Mire ba eas | c Q 2c Va + bx + cx? 
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Other algebraic integrals 


(a + ba”)? +1 


(43) fore + bx") ?dx = ne a? unless p = —1, then use 44. 


x” de 1 
as Nap log (a + bz"). 


a+ bz” ~ nb 


Integrals involving transcendental functions 


(45) fore =—e™ as 

(46) foras = a" /n Nap log a. 

(47) f ep log nx dx = x(Nap log nx — 1). 

(48) foo ax dx = — cos ax/a. 

(49) feos ax dx oa sin az/a. 

(50) | tan az dx = Nap log sec ax/a. 

(51) f cot ax dx = Nap log sin ax/a. 

(52) | sec ax dx = Nap log (sec ax + tan az)/a. 


(53) few ax dx = Nap log (esc ax — cot ax) /a. 


a j= 
(54) fom ax dx = — 4 sin 2az) /a. 
ax : oe 
(55) fos Cndt = (2 +e sin 2az) /a. 
(56) fin: ax dx = tan ax/a — x. 
(57) foot ax dx = — cot ax/a — x. 
(58) sec? az dx = tan az/a. 


(59) | csc? axdx = — cot ax/a. 
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(60) } sec ax tan ax dx = sec ax/a. 


(61) esc ax cot ax dx = — esc ax/a. 


sin, 2)” cos | 
(62) ficin x)"dx = — fog 27 OSE a x of (sin x)*—2dz. 


tr 


n 
(cosz%) 1snz n—I1 * 
(63) } (cos x)" dx = = as = (cos x)"-2 dz. 


L 


(sin x)”71 


(64) fom x)” cos x dx = ez 


(cos x)” +1 


nm +1 
ee Jf (tan 2)" de = SRS a (tan x)"—? de. 


(67) f (oot x)" dx = — (ony ~ f (cot x)®—2de, 


(65) Jos x)" sin edz = — 


n 


ax 


(68) | xe%dx = (ax ty 


nm War 
(69) forera = = = 4 ae ade: 


Nap log x il | 
yh eae M+y 
(70) fe Nap logxdz = x eee calles que Ep: 


(71) J asin xzdxz =— x” cosa + mf ams cos x dx. 


(72) for cosxdz = 2™ sin x — mf a sin x dx. 
e* (a sin nz — n cos nz) 
a? +n? ; 


e (n sin nx + a cos nz) 
a? + 72 ° 


(73) } e* sin nx dz = 


(74) fi 6 “COS nrdgt = 
(75) sn ede =a2sin-! 2 -+V1 — 92. 
(76) } cos dx = aicos>! x =+/T — x?, 


(77) | tan edz =atantz—¥ Nap log (1 + 22), 


Sec. 24. 
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(78) J sec-12dx = x sec 2 — Nap log (2 +-V/x? — i)). 
(79) } sinh xz dx = cosh a. 


(80) f cosh x dz = sinh x. 


(81) f ton a dx 


(82) footn xdx = log sinh z. 


log cosh x, 


For a more extended table, see B. O. Peirce, A short table of integrals, by Ginn and 
Company, Boston, Mass. 


Examples in Weg acon 
(1) Work out V9 = 422 de., 
Sine V9 dt = 2V G52 — a, then [Vo — dabde = [2V GDP = wae = 
2[ Vom dz, by (2). The integral remaining is now in the form (27), witha = 34. 
om eer de = xV (3)? — #2 + (36)2 sin-122/3 + C. Ans. 


(2) Work out } x sin 2¢ dz. 
This resembles formula 71. Put » = 22, or zc = %v. Hence dx = Vdv. Then 
fe sin 2xdx = } Yvsinv dv = 4 J vsinv dv, by (2). The remaining integral is now 


71), with m = 1, Using this and then putting » = 2z, the result is 14 sin 2x — 4x cos 2x + 
C. Ans, 
a2dx 


(3) Work out iF at a 


This example illustrates cases when the division indicated in the integral can be performed. 
For 22/(4 — 22) =— 1+ 4/(4 — 22). 
; x2dx dz 28 
a 3 dx +4 foe ~~ * eNaploe gar dike, Ans. 

As a rule, in a quotient of two polynomials, divide numerator by denominator when the 
latter is of lower degree than the former or of the same degree. 


66. Constant of integration 


Integration by tables gives INDEFINITE INTEGRALS. Two indefinite inte- 
grals of a function differ by a constant. The CONSTANT OF INTEGRATION 
appearing in an indefinite integral takes on a definite value when the data of 


the problem are properly given. 


Example. The slope of a certain curve at any point (x, y) is — 3a/2y, and the curve 


‘passes through (4, 6). Find the equation of curve. { ; 
. aEy Art. 56, ez nes = dy/dz. ence dy/dx =— 3x/2y, from which the differential 
equation 2ydy = — 3adzx results. Integrating both members, y2 = — 322/2 + C, when C 
is to be determined so that the curve passes through (4, 6). Putting z = 4, y = 6, then 
36 =— 244+ C, hence C = 60. The required equation is y2 =— 322(2 + 60, or 


3x2 + 2y2 — 120 = 0, anellipse. Ans. 
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67. Definite integral 


Integrating between limits (DEFINITE INTEGRAL) consists in evaluating an 
indefinite integral for two values of variable x, say « = b, and x = a, and sub- 
tracting the results. The constant of integration then disappears. The nota- 
tion follows: 

If f seus = F(x) + C, then {sea = F(b) — F(a). b is the UPPER 

a 
Limit; a the LowER Limit. Read the second equation, “integral from a to b 
of f(x) dz equals,” etc. Interchanging the limits changes the sign of the 
definite integral. 


68. Applications of integral calculus 


Area between the curve y = f(z), the X-axis, and the ordinates at 
x =a, x = b (Fig. 199), such as area CDPF£), is given by the definite integral 


aa: 
Area -{ y dx, when y = f(z). 
a 


Fig, 199, Fie. 200. 


Area swept over by radius vector p of a curve p = f(@) (polar equation, 
Art. 48) turning from 6 = a to 0 = Bis 


B 
Area = sf p?dé, when p = f(@). 
a 


Length of arcs. _End-points (1, y:), (x2, y2), in rectangular co-ordinates; 
or (p1, 1), (p2, 62), in polar co-ordinates. 


seat See Eo] SE eee, 
s - {veer + dy? ={ V1 + (dy/dx)? dx = (Viera + 1 dy. 
XY Vy 


Seas er 2 een 
s - {Vie + p2de =. V (dp/d6)? + p? dé = V1 + (pdé/dp)? dp. 
pl 


The derivative dy/dzx, or dp/dé, must be found from the equation 

(rectangular or polar) of the curve, and the radical reduced to a function of 

the variable involved in the differential. 

' ae of a as of revolution. Axis of revolution OX, meridian section 
= Jt), & = a,x = 6, at extremities of meridian section. (Fig.200.) OA = 

OB = b, equation of CEFD is y = f(x), ae ergs ae 


b 
Va “f y*dx. 
Ja 
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Axis of revolution OY, meridian section x = h(y), y = c, y = d, at extremities 


of meridian section. 
d 
V= “f x*dy. 
c 


Area of surface of revolution. (x, y) is a point on the meridian section. 


Sea nf y as, (Or Ss = an fa ds, 


according to whether the axis of revolution is OX, or OY. 

The value of ds is worked out by Art. 58, and the limits of the integral 
are determined by the co-ordinates of the extremities of the meridian section. 

Examples. (1) Find the length of arc of one arch of a cycloid (Art. 54) with the equa- 
tions z = a(@ — sin 6), y = a(1 — cos 0). 

Differentiating, dx = a(1 — cos 6)d0, dy = asin @ dé. 

Hence dx? + dy? = a2[(1 — cos 6)2 + sin2 9]de2 = 2a2(1 — cos 0)dd = 4a? sin? (140) do 
(Art. 41). 


Then s - {vax + dy2 = {2 sin 46 d0. Limits are 0° and 360°. 


s =— 4a cos 49] 300° 


(2) Find the volume and surface of the paraboloid, Fig. 201, if OA = h, AB = AD =a. 


= 4a+4a= 8a. Ans. 


The equation of the meridian section OPB is y2 = a2r/h. Then V = 7} y2dx = 


a} aax/hedx = ra2x2/2h, with limits  =h, x = 0. Hence V = ra2h/2, that is, the area 


of the base BDCE times half of the height OA. 

To find the area of the surface, calculate ds Sa + (dy/dx)2 dx. Differentiating 
y2 = a2x/h, the result is 2y dy/dx = a2/h, from which dy/dx = a2/2hy. Hence ds = 
V1 + a4/4h2y2 dx =V/4h2y2 + a4 dx/2hy. 

Then S=2r | yds = r/h | V4h%2+a4dx = ar/h | Vita + a2dx = ar(4hz + a?) 78 /6n2 
(using formula (43), Art. 65, = 1). Limits arez = h, x = 0. 

Hence S = ra[(4h2 + a2)? — a3|/6h2, Ans. 


nb 


a%, %, 


Fig, 202. 


Fie. 201. 


69. Integration as a summation 


A definite integral is the limit of a sum of differential (infinitesimal) ele- 
ments. Many useful applications of the integral calculus depend upon the 
fundamental theorem of integral calculus, which, stated abstractly, is to the 
following effect: Given a function f(z) continuous in interval from x = a to 


z=b. Let this interval (Fig. 202) be divided into any number (7) of parts of 


respective lengths Ar, Ar2..., Atm. On each of these segments (Fig. 202) 
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take a point, and let the values of « at these points be 21, 22, . . ., Un, respect- 
ively. Then the corresponding values of f(x), are f(ai), f(2), «. + f(¢n). 
Form the sum of the products of each of these values of f(x) by the length of the 
corresponding segment, namely the sum, f(x1)Ari + f(a2)Av2 +... + 
flap) Aap. Let the number of segments be increased indefinitely so that the 
length of each approaches zero, then the limiting value of the above sum is the 
value of the tntegral of f(x)dxz evaluated for limits z = a,x = b. In the usual 


notation, J teow = Fa es (f(a1) Ati + f(a2) Ave +... + f(a) Arn). 


Each term of the sum in the right-hand member is a DIFFERENTIAL BLE- 
MENT. ‘The value of the theorem lies in affording means of calculating the 
limit of a sum of differential elements of a certain form. The theorem has 
wide application. 

In Fig. 202, the curve is y = f(x); the products f(71) Axi, ete., are the areas of rectangles; 
the sum of the products is approximately the area under the curve, and the limit of the sum 
is the exact area. But this also equals the definite integral in the left-hand member in the 
above equation (Art. 68). Hence the result as above. 

Examples. (1) The area swept over by the radius vector in Fig. 203 is the limit of the 
sum of the circular sectors with radii pi, p2, etc., and central angles Aéi, Aé2, etc., hence of 
area 4p2461, 14p22A6o, etc. (See Art. 29.) The fundamental theorem leads at once to the 


formula (Art. 68) A = 14 f eta 


(2) The volume of the solid of revolution about OX (Fig. 204) may be considered the 
limit of the sum of circular cylinders with altitudes Az),tAzve, etc., and base radii y1, yp, etc., 
hence of volumes zyj2Ax1, my22Azg, etc. The fundamental theorem gives immediately 


V=7r) ydz. 


SS 
SS 

WN 

SSS 


SS 
NN 


SS 
Be! 


NY 


Fie. 208. Fie. 204. 


(3) A certain solid answers the following description: the base is an ellipse with semi- 
axes a, b (Art. 50); plane sections standing on the base and perpendicular to the major axis 
are squares. Find the volume. 

With axes OX, OY in the base (Fig. 205), the equation of the ellipse is b2x2 2y2 — 2 
or y2 = b2(a2 — x2)/a2. Divide the solid into slices of equal oft a tae Ie € 
sections perpendicular to OX, and consider these slices trimmed into rectangular blocks such 
as PQMN — P’Q’M’'N’. The co-ordinates of M are (2, y). The volume of this block 
= 4y2Ax. Then the required volume is the limit of the sum of all such blocks when the 
thickness (Az) approaches zero. Hence 


V= J 4y2dx = 4 face — 22)/a2.dx = 4b2(a22 — 1423) /a2, 


substituting the value of y2 from equation of base. 


The limits ay ak +s 
V = 16ab2/3. Ans. are & a, % = a, giving 
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(4) Work expended in friction in thrust bearings. A vertical shaft M turns in a bear- 
ing (Fig. 206). At a distance z in. from the axis of the shaft let the normal pressure on the 
bearing due to load P lb. in the direction of the shaft axis be p lb. per sq. in. (unit 
normal pressure). Then the normal pressure on an infinitesimal ring of radius x and width 
dz is p X 2nx dx (since 27x dx = the area of the ring). Then the load P must equal the 


sum of the normal pressures on all such infinitesimal rings, that Sp IS arf pz dx. Let 


f = the coefficient of sliding friction. Then the work expended in one revolution in 
friction on an infinitesimal ring = fp X 2x dx times the circumference of the ring (272). 
Hence the total work expended, W, is the sum of the above elements of work for all such 


rings, that is W = sniff potde in in-lb. The relation between W and P is W = 
arfP { pitdr +f re dz. Fora collar bearing (Fig. 206) the limits arex = Yd, x = 4D. If 
p is everywhere constant (the usual assumption), 

W = fP X 4x(D3 — d3)/3(D2 — d2). 


(5) Center of gravity. Plane line. Divide the line into infinitesimal parts of length 
ds, multiply each ds by its perpendicular distance r from a given axis in the plane of the line, 


D4 
Fie. 205. Fie. 206. Fie. -207. 


add all such products, which gives the sratic MOMENT M of the line with respect to the axis, 
or M = |rds. Divide M by the length of the line and the result is thé perpendicular 


distance of the center of gravity C from the given axis. A similar argument holds for plane 
areas, solids of revolution, etc. The formulas follow. Center of gravity is C. 
Plane line. Let C = (zo, yo); (a, y) any point on the line; LZ = length of line; x = 


fe ds/Lx, yo =fv ds/Ty 
Plane area, bounded by a curve and the rectangular axes OX, OY (Fig. 207). C = (ao, 
yo). A = area. (x,y) = any point onthe boundary curve. t9= } ry dx/A,yo = | wy dy/A. 
Solid of revolution. Let OX be the axis of revolution, V = volume, x = distance of C 


from origin. The equation of the meridian section is y = f(x). 2% = 7 ay2dx/V. 


i i i is the same as in Ex. 5 above, 
6) Moment of inertia. Plane line. The argument is é é 
ie that each infinitesimal length is multiplied by 72. Hence the moment of inertia 


I =| /2ds. In the following formulas, the subscript indicates the AXIS OF REFERENCE. 


Plane line Iz = { v2, Ty = { 2; (a, y) = any point on line. 


Plane areas as in Fig. 207. Iz = if yx dy, Iy= f xy dx; (x, y) = any point on boundary 


curve. 
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70. Aroroximate integration 


7) 
Evaluation of f f(x)dx. When a definite integral cannot be worked out 
a 


by the tables available, an approximate value may be found by one of the 
following rules: (1) Expand f(x) into a power series (Art. 62), integrate term 
by term, and evaluate the new series for the given limits. 

(2) Plot the curve y = f(z). The numerical measure of the area between 
the curve, the X-axis, and the ordinates at x = a and x = b is the value of the 
integral. 

(a) Find this area by counting squares of cross-section paper. 

(b) Use Simpson’s Rule,‘ Art. 29. 

(c) Use a planimeter or integraph (MECHANICAL QUADRATURE). (16) 


71. Derivation of formulas for given experimental data 


To determine a formula (EMPIRICAL EQUATION) satisfied by given experi- 
mental data, when the law obtaining in the ex- 
periment is unknown, the data should be plotted 
on cross-section paper and the equation of a curve 
to “fit the points’ derived. (Fig. 208.) The 
curve need not pass through all plotted points; 
derivation of an equation satisfied exactly by the 
given data is not the object, since such data are 
subject to errors of determination; a simple formula 
fulfilung the conditions with a degree of accuracy 
warranted by the data is the end desired. 

Acquaintance with several standard curves (Figs. 
209-212) will assist in choosing the formula to be 
tested. Comparison of the curve suggested by the graph of the given data 
with these figures will suggest the law to be tried. Type laws are: 


0 
Fig. 208. 


1. STRAIGHT-LINE LAW: y = mx + b. 

2. PowER Law: -y = ax”. (Figs. 209, 210.) 

3. EXPONENTIAL LAW: y = be®. (Fig. 211.) 

4, HYPERBOLIC Laws: y = (ax +b)/x. (Fig. 216, 1); 
y = x/(axe +b). (Pig. 216, Tl). 

vf 


nso 


Fic. 209. Juice PAO: tren 2 Tals HrG@er2i2e 


Test for a straight-line law may be made with a straight-edge; the 
test is affirmative when deviations from the straight line are small, some 
positive and some negative, and curve has no systematic curvature. 

Constants in a straight-line formula may be determined by: 

1. Selected points. Two points on the plot may be selected such that 
a straight line drawn through them gives satisfactory distribution of all points. 
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If the corresponding values selected are (x1, y:) and (x2, y2), solve the simul- 
taneous equations y; = ma, + b and yz = maz + b, for the constants m and 
b, and place these values in the formula y = mz + b. 

2. Method of averages. Substitute each pair of given values of x and y in 
the formula y = mx + b, thus forming the oBSERVATION EQUATIONS (equal in 
number to the number of determinations of x, y in the experiment); divide 
these observation equations into two groups as nearly equal in number as 
possible; add together all equations of each group to obtain one final equation 
for each group, and solve these final equations for m and b. Place the 
resulting values of m and 6 in the formula y = 
mz + b. | 

Example. In an experiment with a pulley, the effort E 
Ib. required to raise a load W lb. was found to be as in the 10 34 60 1034 
accompanying table. 20 4% 70 124% 

Solution. (Fig. 213.) (1) Straight line drawn through 30 614 80 1334 
(30,614) and (100,16 44) fits points well. Substituting these 40 74 90 15 


Ww E Ww E 


values in y = mz +b, equations are 6.25 = 30m +4 b, 50 9 100 16% 

16.5 = 100m +b. Solving, m = 0.146, b = 1.86. Hence = 

the law is H = 0.146W + 1.86. Ans. (150) | (307%)| (400) | (68) 
(2) Take first 5 observation equations, 314 = 10m + (Totals) 

b,...,9 = 50m + b, and add them; result is 3074 = 150m + 

5b. Taking last 5, namely 104% = 60m +5,... 164% = 100m + b, and adding, 68 = 


400m + 5b. Solving, m = 0.148,b = 1.72. Hence result, H = 0.148W+ 1.72. Ans. 


3. Method of least squares. If the degree of accuracy of the experiment 
warrants, which is not often the case with engineering data, the method 
explained in Art. 22 may be used. 


10 
é ct 
a 
UT 
E : ii 
2 2 
215 
& E 
219 6 
Es 4 
fa 5 3 
2 
0 2 40 +6 80 WOW 1 
Load W in lb. 1 26.3 4 @ 80s 92.345 6:8 10 
iG oss Fic, 214. 


Test for power law y = ax”. If the graph suggests a curve of the type in 
Fig. 209 or 210, the test to apply is to plot the points (log z, log y). Ifa 
power law holds, a straight line will fit these points, because from y = ax”, it 
follows that log y = log a + n log x; or, putting log y = y’, log a = a’ and 
log x = x’, the result is y’ = a’ + na’, which is the equation of a straight 
line. The constants n and a’ are found as described above; and a comes 
from log a = a’. Values of a and n placed in y = ax” will give the desired 


equation. 


Logarithmic cross-section paper is constructed by laying off logarithmic scales (Art. 5) 
on each of two perpendicular axes (Fig. 214) with the intersection marked 1 on both, and 
drawing lines through the points of division parallel to the axes. ; (Such paper, as well as 
semi-logarithmic paper (see below) can be purchased.) The experimental values, plotted to 
the scales shown in Fig. 214, are actually plotted as their logarithms with respect to ordinary 
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rectangular co-ordinate scales, and permit testing for a power law without looking up 


logarithms. : 
Example. Pressure (p = pounds per square inch) and volume (v = cubic feet) of 1 Ib. of 
saturated steam were measured as in the adjoined table. Find a law for the data. 


Pd p a a) 


, 


0.6021 2.0414 0.7404 1.8943 
0.6532 1.9872 0.7782 1.8543 
0.6990 1.9385 0.8451 1.7832 


(1.9543) (5.9671) (2.3637) (5.5318) 


Solution. The curve suggested in Fig. 215 is of type in Fig. 210. A test on logarithmic 
cross-section paper, Fig. 214, shows that a power law, p = av™ applies. To find the equa- 
tion, tabulate values of log v = »’ and log p = p’, the relation being p’ = a’ + nv’ (log 
a = a’), and apply the method of averages. Add the first three observation equations, and 
the last three (see table) 

The results are, 5.9671 = 8a’ + 1.9543n and 5.5318 = 3a’ + 2.3637n. Solving, 
n =— 1.063, a’ = 0.6925. a = 480, p = 4800—1:063, of py 1.063 _ 480, Ans, 


03 45 6 7 ¥ lo ob §O7ggI0 7 3-3 
Fie. 215, Fig. 216. 


Test for exponential law y = be. Type of curve, Fig. 211, Plot the 
experimental points as (x, log y). If a straight line fits these points, an 
exponential law holds. 


To verify this statement, take logarithms of both members of the equation, which 
gives log y = log b + ax log e. Putting log y = y’, log b = b’, a log e = a’, the result is 
y’ = bf + az, which is the equation of a straight line. 

Semi-logarithmic cross-section paper is constructed by laying off a logarithmic scale 
(Art. 5) from the origin on one axis of co-ordinates, and drawing lines through points of 
division parallel to the other axis. Draw equidistant lines parallel to the first axis. (Fig. 216.) 
Points (zx, log y) can be plotted quickly on such paper without determination of the actual 
logarithms and testing the data for an exponential law is thus expedited. 


Test for hyperbolic laws. (See Fig. 212.) Equation y = (ax + b)/x may 
be written zy = ax +b. Hence points (2, xy) lie on a straight line. Equa- 
tion y = x/(ax + b) is the same as x/y = ax + b, and therefore the points 
(v, «/y) lie on a straight line, 

Other laws. The preceding five equations are simple ‘Two-consTANT 
LAws”’ and suffice for solution of many problems. Laws with three constants 
are: 
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(5) y =a + bx + cx? (PARABOLIC Law), 

(6) log y = a + ba + c2?, 

CT) y= ag” oP ¢, 

(8) y = be +. 

When given values of x differ by a constant increment, Av (Art. 55), points 

(z, Ay) will follow a straight-line law if (5) applies, and points (2, A log y), if 
_ (6) holds. Curves for (7) and (8) differ from Figs. 209-210, and Fig. Zi lte- 
spectively, only in the position of the X-axis. (Line y — c = 0 has the same 
relation to the curves as the X-axis in the figures named.) Value of c can 
often be found by trial and y replaced by y — c in the methods explained 
above. (16, 17, 18.) 


72. Charts for engineering formulas 


The following material deals with methods of so treating formulas involv- 
ing several variables that corresponding values of these variables can be read 
immediately from a chart. The methods possess wide application. 

Notation. The variables are denoted by z, 21, 29, 23, etc., and functions f(z), f(z), F(a), 
g(z), etc. of them by f, fi, F'1, ge, ete. 

Function scales. The logarithmic scale (Art. 5) is a simple example of a func- 
tion scale, In general, to construct a function scale for f(z), lay off on a line a 
uniform scale of lengths with decimal subdivisions, calculate f(z) for a number 
of values of z occurring in the given problem, lay off these values on the scale 
of lengths, and inscribe at each point thus located the corresponding value of z. 
If values of f(z) are denoted by 2, then x = f(z) is called the equation of the 
function scale. In practice a SCALE FACTOR m (a constant) is introduced, 
7.e., the equation of the scale is written x = m f(z). The value of the scale 
factor in any given case is found as follows: 


Example. Required a scale 10 in. long for log z when z varies from 0.01 to 100. 
Solution. Values of log z run from —2 to 2, a range of 4 units. Since 10/4 = 2.5, the 
equation of the scale is x = 2.5 log z. Generally, if the length of the scale is L in. and the 
range of values of the function is Z units, m = L/Z. Only a limited number of values of 
z appear on the scale; division marks indicate intermediate values. The subdivisions of 
the uniform scale of lengths may be retained when readings of values of f(z) are desired. 
The function scales for m f(z) and m f(2) + ¢ (c = a constant), are identical; the addition 
of a constant simply shifts the scale constructed for m f(z) along the scale of lengths. If 
values of f(z) are large, either a scale for m f(z), where m is small, may be constructed; or a 
scale for f(z) — c, where cis large. The function scales thus far discussed, being laid off on 
a straight line, are called STRAIGHT SCALES. 


te ee 
Zs 
23 
Old, Mx 
BiG. 17. Fig. 218. Fic, 219. 


Curved scales. Let the straight scales x = f(z) and y = g(z) be constructed on perpen- 
dicular axes. Let M and N (Fig. 217) be points with the same value of z, Plot x = OM, 
y = ON. Again, let z have the same value z at Mj, Ni. Plot Pi. Draw a smooth 
curve through all such points, and mark at each point corresponding values of Zz. 
The result is a cuRVED SCALE. Equations x = f(z), y = g(z) are parametric equations of 
the curve. (Art. 45.) An indefinite number of curved scales may be constructed on any 


curve, corresponding to different parametric equations for that curve. 
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73. Charts with a network of lines 


Three variables. From the explanation below it will appear that the 
object is to construct three systems of curves such that corresponding values 
of the variables are attached to three curves through a common point. In 
the examples given such a system of curves is composed of straight lines and 
easily constructed. In other cases the labor involved is so great that another 
type of chart is to be preferred. (See Art. 74.) 

Type 1. fo =f: +/fs. On perpendicular axes OX, OY (Fig. 218) con- 
struct the scales x = mif1, y = mef2, and draw a net work of parallels to the 
axes through the points of division. Construct the system of parallel lines 
y = mz x/m, + m2fz which result by assigning to zs the values used in the prob- 
lem, and mark on each line the corresponding value of 2s, called the PARAMETER 
of the system. The values of 21, 22, 23 attached to any three lines in the diagram 
through a point will satisfy the equation. From the given data it may be 
desirable to use the scales x = mifi + C1, y = mof2 + co. Parallel lines are 
now y = m2(x — ¢1)/m1 + mefs + ¢2. In practice such constants are usually 
introduced. See Ex. 1 below. 

Type 2. fo =fif;. Construct scales x = mifi, y = mof2 as in Type 1, 
and the system of lines y = mofsx/m, intersecting at O(r = 0, y = 0). 
(Fig. 219.) If MP and NP are drawn through the extremities of the scales 
on OX and OY, the values of z; may be conveniently written along these lines. 
If the scales x = mfi + ¢1, y = Mmof2 + C2, are used, the system of lines is 
y — C, = mf; (x — ci)/m, passing through (c1, c). Transforming fo = fifs 
by taking logarithms gives log fo = log fi: + log fs, which is in the form of 
Type 1. 

Pressure (P) 


Ss 0.2 03 04 0506 08 10 
0.10 0.10 
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Velocity (V7) 
Fig. 220. 


0.075 


0.07 0.07 


Example 1. Fig. 220 is a chart for V = 18.27 P/ W, the formula for measurement of 
velocity of air by a Pitot tube. Taking logarithms and transposing, log W = log P — 
2 log (V/18.27) which is Type 1. The scales used are y = 25 log 10W, x = 5log10P. The 
system of parallel lines is y = 5¢ — 50 lug (V/18.27). Values of V are marked on the ends 
of the lines. This example illustrates logarithmic transformation of a given formula to 
bring it under Type 1. 

Example 2. The preceding equation may be written P = 0.003 W»?, and then comes 
under Type 2. Fig. 221 shows a chart, with scales y = 5P, z = 100 W, and lines y/xe = 
0.00015 2. Equations of the bounding vertical lines are + = 6, x = 10; of the bounding 
horizontal lines, y = 0.5, y = 5. Uniform scales are laid off on these lines. The system 
of lines for » may be plotted by calculating the points of intersection with the bounding 
Bae ot alee. by drawing lines through x = 0, y = 0, which is in this case a point off of 
the chart. 
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Four variables. Extensions of the preceding methods are shown in Figs. 
222-224, 

Type 3. fi tfe=fst+ 2, .P 
fs. (Fig. 222.) Construct ? 4a 
the function scales x = mifi k 
+c, on OM, x’ = msfs + 


/, 
c; on PQ, and two systems he if 


of parallel lines, (1) y = 
m(x — ¢1)/m1 + mf2, with 
parameter Ze (ABRetc.) (2), 280 2;8 8 DIM OFZ, anc, 
y = ma’ — cs3)/ms + mfs, 
ee Wai of 24 ce Fie. 222. Fie. 223. Fig, 224. 
etc.). Corresponding values of 21, 2, 23, z, are determined as indicated in 
the figure. 

Type 4. aiful2 = Feat. ae: 


4000 223.) Construct function scales 


aiee a xz = mifi+c,on OM, 2! = msfs + 

3 2000 \“\ c; on PQ, and two systems of lines, 

ry Y\ (1) y = mf (w — ¢1)/m1, with para- 

: 1000 meter 22 (lines through O(c,, 0), OA, 
100 


prea reirey ey ae etc.), (2) y = m(x’ — c3)/ms + mf, 
ith parameter 24 (parallel lines 
ea, Ae 1 
Py AeA CD, etc.). 


Corresponding values 
of 2, 22, 23, 24 are indicated in the 
figure. 

Type 5. fifs=fsfs. (Fig. 224.) 

sy Construct function scales x = mif 
Fia. 225. +c, on OM, x’ = mf; + a on PQ, 

(OM = a), and two systems of lines; (1) y = mf2 (x — c1)/mi, with parameter 
z. (lines through O(c:, 0)), and (2) y = mf.(x’ — a)/m3, with parameter z, 
(lines through M). Corresponding values of 21, 22, 23, 24 appear in the figure. 


Head h in feet 


h Pxempie af ia. gd Tractive effort, pounds, maximum, (7.E.) 
a eae 100,000 80,000 60,000 40,000 20,000 


chart for Ns = R.P.M. gia 


VELP./h4, which is the 
formula for the specific 
speed (Ns) for impulse 


nn 
and reaction water 2 
wheels. Taking loga- w Ts 
rithms, log Ns — % log e 2 
Hae = log RIRM. —) ““@ E 
5/4 log h. This comes © 5 
under Type 3. Thescales o 
are y = 3.3 log 0.001 5 
H.P., y’ =— 3.3 log 0.01 
h, both of which are laid eee 
off on the line x = 3 log 7. p= 28d PS 
3. Thesystems of paral- P=200 tb/in.* 


. : — 57y= 
13.2 log 03 RPM, 22° ee a 
By ehh lie i: d The Diameter of cylinders, inches (d) 


Y-axis is off the chart. Fig, 226. 

For lines of the two sys- 

tems intersecting on the X-axis (horizontal line in figure through h = 100), R.P.M. = 10 Ns. 
Example 2. Fig. 226 shows the lower part of a chart for T.H. = 0.85 d? PS/D, which 

is the formula for the tractive effort of a simple two-cylinder locomotive, with boiler pres- 

sure P = 200 lb./in.2 The formula may be written 170 d? S = T.E. X D, and comes 
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under Type 5. The scales are x = 0.0085 d%, x’ = 12 — 0.75 T/10,000, both laid off on 
horizontal lines. The two systems of lines are (1) y = Sx/30, (2) y = D(12 — x!) /45, 


74, Alignment charts 


Principle. For many formulas in engineering it is possible to construct 
function scales in such a way that readings on them at points on one or more 
lines will satisfy the formula. Many of these charts are simple and easily 
constructed. Alignment charts for the types in Art. 73 are given below. 

Type 6. fi t+fo =f. (Fig. 227.) Scales for mifi, mof2, mf are constructed 
on parallel axes with the conditions m:/m2.=a/b, m = mim2/(m + m2), 

and adjusted so that read- 
4:24 ines at Mi, M, Mn», will 
ws satisfy the equation. Then 
readings at any three points 
P,, P, Ps, in line, will also 
i ae 31 M: satisfy the formula. 

Type 7. fi tfo=fs + 

fs. (Fig. 228.) Scales for 
Fic. 227. Fic. 228. mifi, Msfs are constructed 
on one axis and, scales for 
Mofo, Mafs, On a parallel axis, with m1 = m3, m2 = ms. <A third axis AB is 
then drawn so that mi/m2 = a/b. Set fitfo=z,and f; +f, = z. Chart the 
first of these equations as in Type 6, and compute < (= z) at some point as 
M. No scale for z on AB need be constructed. Chart the second equa- 
tion, adjusting the scales for maf, msf,so that readings at M3, Mf (z), Ms on 
a line M;M M, will correspond. If any two 
lines intersect on AB, readings for 21, 22, on 
one line, and 23, 24, on the other line, will 
satisfy the equation. 


Example. Fig. 229 is a chart for Ng = 1,550,000 
a2/ W772, which is a formula for the determination 
of the critical speed of a shaft when the load is con- 
eentrated midway between the bearings. Taking 
logarithms, log Ne+ % log W — log 1,550,000 = 
2logd — %logl, whichistheform of Type7. Scales 
are laid off for 10 log d, and 3.75 log 1 with m3/m4 
= —2, hence with axis AB to the right. The line 
through d = 1,1=1cutsABinz=0. For N¢, the 
scale is 5 log Ne. The line joining Ne = 15,500 and 
z= 0 must cut the W-scale at W = 10,000. The 
seale for W is — 1.25 log W. 


Type8. f =/fi/fo. (Fig. 230.) Construct 


scales for mifi, — m2f2 on parallel axes, and 

‘adjust these so that line AB drawn from 
A(fi = 0) to B(f2 = 0) makes a convenient it y=285G000 a* 
angle with AM(usually 45°). On AM con- Da ¢ WhIlk 
struct a scale for x = amif/(m2z + mif). i 1000 
Project these graduations on to AB by lines Fie.'229. 


parallel to the axes, and mark at these points on AB the same values for z as 
on AM. Values of 21, 2, 22 on any transversal will satisfy the equation. This 
type is called a Z-chart. 

Type 9. fi/f2 = fs/fs. (Fig. 231.) Construct scales for muifi, — mofr, 
mefs, — mafs, with mi/m2 = m3/ma4, on axes as indicated, with f; = f; = 0 at 
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A, fo = fa = Oat B. Transversals intersecting on diagonal AB will cut ue 
Peale in corresponding values of 21, 22, 23, 24. 


Fie. 230. BUiGe 2ols 


Type 10. fit fo =Ss/fs (Fig. 232.) Lay off seales for mifi, mafs, on 
AM starting at A (fi = fs = 0), scale for msf, on AB from A (f, = 0), scale 
downward for mof2 from B (f. = 0) on BQ, with m: = mz, and m3/ms=m1/AB. 
Parallel index lines will cut the scales in corresponding values of the variables, 
23, £4, On One line, and 2:, z, on the other. 


BIG. +232: Fie. 233. 


Type ll. fi + fofs = F;. (Fig. 233.) This type brings in a curved 
scale. ite, PQ) Construct the scales y: = OM, = mifi +c, 
yo = AMz = mof, + c2, and the curved scale x = OM = amuifs/(m2 + mifs), 
y = MP = (mimoF’3 + mocr + Micofs)/(m2 + mifs), on the curve C. Read- 
ings on any transversal M,M M, will satisfy the equation. 

For other types, some of which are extensions of the preceding, see (16, 
17, 18, 19). 


MATHEMATICAL TABLES 


75. Explanation of tables 


Table 1. Squares of numbers with three significant figures from 1.00 
to 9.99 are tabulated. Corrections to be added for a fourth figure 1, 2, 3, 4, 5 
are given in right-hand columns. For a fourth figure 6, 7, 8, 9, take the 
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tabular entry for the next larger number of three figures and subtract the 
correction given for 4, 3, 2, 1, respectively. 


Examples. (1.285)2 = 1.638 + .013 = 1.651. (1.286)? = 1.664 — .010 = 1.654. 


If the decimal point is moved ene place in N, move it two places in the 
tabular number. 


(0.128)? = 0.01638. (12.85)? = 165.1. 
Table 2. Cubes of numbers. Method of correction for a fourth significant 
figure is the same as above. Interpolate for a fourth significant figure when 


corrections in the right-hand column are missing. If the decimal point is 
moved one place in N, move it three places in the tabular number. 


' (9.86)3 = 958.6. (0.986)3 = 0.9586. (98.6)% = 9538600. 


Table 3. Square roots. If the decimal point is moved two places in N, 
move it one place in the tabular number. 


\/3.142 = 1.773. 0314.2 = 17-72. V0.03142 = 0.1773. 


Table 4. Cube roots. If the decimal point is moved three places in N, 
move it one place in the tabular number. 


W/34.98 = 3.270. 34980 = 32.70. 0.03498 = 0.3270. 


Table 5. Reciprocals. The tabular values decrease with increasing N, 
hence the correction given in the right-hand column for a fourth figure 
1, 2, 3, 4, 5 must be subtracted from the tabular value given for the first three 
figures of N. For a fourth figure 6, 7, 8, 9, add to the tabular value given 
for the next larger number the correction for 4, 3, 2, 1, respectively. 


1 + 3.654 = 0.2736. 1 + 3.658 = 0.2734. 


If the decimal! place in N is moved to right (or left), move it the same number 
of places to left (or right) in the tabular value. 


1 + 0.3654 = 2.736. 1 + 0.003654 = 273.6. 


Tables 6-8. Circumferences and arcas of circles; volumes of spheres. 
Formulas for calculation are Circumference = 1D, Area = 7D?/4, Volume = 
aD/6, D = diameter, 7 = 3.141593. In Tables 6-8, move the decimal 
point one place in circumference, two places in area, three places in volume, 
if the decimal point is moved one place in D. If the circumference C, area A, 
or volume V is given, diameter D is found by 


D = 0.31831C = 1.128388-/A = 1.24070V/V. 


Table 9. Circular segments. (Art. 29, Fig. 97.) To find the height 
or chord for any radius, multiply the corresponding tabular number by the 


radius. To find the area, multiply the tabular number by the square of the 
radius. 


Given a central angle 36° and radius 2, then height = 0.0489 X 2 = 0.0978, chord 
= 0.6180 XK 2 = 1.2360, area =0.02027 X 4 = 0.0811. 


Tables 10-19 are self-explanatory. 


il ties Sue 
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Table 20. Exponentials. Values of e“ and e~". For definition of e, 
see Art. 15. Interpolation will be inaccurate for values of u greater than 1. 
The last column gives the common log of e“ or multiples of logy ¢ = 0.434294. 
Interpolation should not be used in this column. 


Table 21. Hyperbolic functions are expressions of frequent occurrence 
involving e“. Those tabulated are the hyperbolic sine (sinh uw), hyperbolic 
cosine (cosh u), hyperbolic tanh (tanh wu), defined in terms of e% as follows: 
sinh u = Y(e* = e), cosh u = K(e* + e—), tanh uw = sinh u/cosh u. Other 
hyperbolic functions are sech u = 1/cosh u, cosech wu = 1/sinh u, cothu = 
1/tanh u. Other relations between hyperbolic functions are cosh2u — 
sinh*u = 1, sech?u = 1 — tanh?w. Avoid interpolation for u > 1 


Trigonometric and hyperbolic functions satisfy the equations sin ui = 7 sinh u, cos ui 
=cosh u, @ = i= 1), see Art 21.) 


Bibliography. (1) A good presentation of computation, errors, etc., is given by Lang- 
ley, A treatise on computation (Longmans). (2) A short list follows. Wentworth-Smith, 
Trigonometric and logarithmic tables, five places (Ginn and Co.); Macmillan’s Logarithmic 
and trigonometric tables, five places (Macmillan Co.); Wells, New six-place logarithmic 
tables (Heath and Co.); Hutton, Mathmetical tables, seven places (London); Schrén, 
Seven-place tables (German) (Brunswick). (3) A good explanation of the slide rule with 
numerous problems s given by Dunlop and Jackson, Slide-rule notes (Longmans). See 
also pamphlets published by the manufacturers, for example, Cox, The Mannheim slide 
rule (Keuffel and Esse: Co.). Many other types of slide rules are on the market, some of 
which are designed for the solution of specias problems. For illustrations and descriptions 
of these as well a; a great variety of calculating machines see Methods of calculation, a 
handbook of the Exhibition at th Napier Tercentenary Celebration (G Bell and Sons, London). 
(4) For an excellent textbook on elementary algebra see Hawkes, Luby, and Touton, 
Complete school algebr (Ginn and Co.). (5) Hawkes, Advanced algebra (Ginn and Co.); 
Hall and Knight, Algebr for -olleges and s-hools (Macmillan Co.); Wentworth, College 
algebra (Ginn and Co.) (6) Merriman, A textbook on the method of least squares (Wiley 
and Sons). (7) A good presentation of financial arithmetic is given in Skinner, The 
mathematical theory of investment (Ginn and Co.). (8) Hoover, Principles cf mining 
(Hill Publishing Co.): (9) Inwood’s Tables cf interest, etc. (London). (10) Granville, 
Plane and spherical trigonometry and tables (Ginn and Co.). (11) Moritz, Elements of 
plane trigonometry (Wiley and Sons). (12) Riggs, Analytic geometry (Macmillan) ; 
(13) Smith and Gale, New analytic geometry (Ginn and Co.). (14) Gramnv lle, Differential 
and integral calculus (revised) (Ginn and Co.). (15) Osgood, Differential and integral 
calculus (Macmillan Co.). (16) For explanation of the underlying theory of mechanical 
quadrature and description of various types of planimeters and the integraph see Lipka, 
Graphical and mechanical computation (John Wiley and Sons), p. 246. (117) Saxelby, 
Practical mathematics (Longmans); (18) Running, Empirical formulas (John Wiley and 
Sons). (17) Peddle, The construction of graphical charts (McGraw-Hill); (18) d’Ocagne, 
Traité de nomographie (Paris); (10) Strachan, Nomographic solutions for formulas of 
various types (Trans. Am. Soc. Civil Engineers, vol. 78, 1915). (20) For squares, cubes, 
square roots, cube roots, and reciprocals to 10 significant figures see Barlow, New mathe- 
matical tables (London). (21) More extensive tables are Smithsonian tables, Hyperbolic 
functions (Washington, 1909). 
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Table 1. Squares of numbers—Continued (see Art. 75) 
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Table 2. Cubes of numbers (see Art. 75) 


Prop. parts 
N 0 1 2 3 4 5 6 if 8 9 |S : 
1 | 2 | 3/4 | 5 
1.0] 1.000] 1.030) 1.061] 1.093) 1.125, 1.158) 1.191) 1.225 1.260) 1.295) » 
1.1) 1.331] 1.368) 1.405) 1.443) 1.482} 1.521) 1.561} 1.602) 1.643 1.685) $ 
1.2) 1.728] 1.772} 1.816] 1.861] 1.907| 1.953] 2.000) 2.048] 2.097) 2.147) ‘, 
1.3]. 2.197| 2.248] 2.300] 2.353) 2.406] 2.460] 2.515) 2.571) 2.628} 2.686) #& 
1.4) 2.744] 2.803] 2.863] 2.924) 2.986] 3.049] 3.112) 3.177) 3.242) 3.308 2 PS 
im] 
1.5} 3.375] 3.443] 3.512] 3.582] 3.652) 3.724] 3.796] 3.870) 3.944) 4.020 3 =u 
1.6| 4.096] 4.173) 4.252) 4.331] 4.411) 4.492) 4.574) 4.657) 4.742) 4.827) °3 < 
1.7| 4.913] 5.000} 5.088]. 5.178] 5.268) 5.359) 5.452) 5.545) 5.640} 5.735) + 3 
1.8} 5.832] 5.930} 6.029) 6.128) 6.230) 6.332) 56.435) 6.539} 6.645) 6.751) PP 2) 
1.9| 6.859] 6.968} 7.078) 7.189} 7.301) 7.415| 7.530) 7.645) 7.762| 7.881 2 
oO 
2.0 8.000] 8.121] 8.242] 8.365] 8.490] 8.615] 8.742] 8.870] 8.999) 9.129 © 
2.1) 9.261) 9.394) 9.528] 9.664] 9.800] 9.938] 10.078]......].....-|.....- a 
OU Tenors etre Cll Soles DeFeet dea coe Dae cies 10.08 | 10.22 | 10.36 | 10.50 | 1) 3) 4) 6 7 
2.2} 10.65 | 10.79 | 10.94 | 11.09 | 11.24 | 11.39 | 11.54 | 11.70 | 11.85 | 12.01 | 2) 3) 5) 6 & 
2.3) 12.17 | 12.33 | 12.49 | 12.65 | 12.81 | 12.98 | 13.14 | 13.31 | 13.48 | 13.65 | 2) 3) 5) 7 &§ 
2.4) 13.82 | 14.00 | 14.17 | 14.85.| 14.53 | 14.71 | 14.89 | 15.07 | 15.25 | 15.44 | 2) 4) 5) 7) ¢ 
2.5) 15.63 | 15.81 | 16.00 | 16.19 | 16.39 | 16.58 | 16.78 | 16.97 | 17.17 | 17.37 | 2| 4) 6) 81¢ 
2.6) 17.58 | 17.78 | 17.98 | 18.19 | 18.40 | 18.61 | 18.82 | 19.03 | 19.25 | 19.47 | 2| 4 5) 811 
2.7| 19.68 | 19.90 | 20.12 | 20.35.) 20.57 | 20.80 | 21.02 | 21.25 | 21.48 | 21.72 | 2) 8) 7 911 
2.8] 21.95 | 22.19 | 22.43 | 22.67 | 29.91 | 23.15 | 23.39 | 23.64 | 23.89 | 24.14 | 2] 5) 71012: 
2.9| 24.39 | 24.64 | 24.90 | 25.15 | 25.41 | 25.67 | 25.93 | 26.20 | 26.46 | 26.73 | 3] 5) 8/10/13 
3.0) 27.00 | 27.27 | 27.54 | 27.82 | 28.09 | 28.37 | 28.65 | 28.93 | 29.22 | 29.50 | 3) 6) 8/11)1¢ 
3.1] 29.79 | 30.08 | 30.37 | 30.66 | 30.96 | 31.26 | 31.55 | 31.86 | 32.16 | 32.46 | 3) 6) 911212 
3.2| 32.77 | 33.08 | 33.39 | 33.70 | 34.01 | 34.33 | 34.65 | 34.97 | 35.29 | 35.61 | 3) 6)10)13 16 
3.3] 35.94 | 36.26 | 36.59 | 36.93 | 37.26 | 37.60 | 37.93 | 38.27 | 38.61 | 38.96 | 3] 7/10/1317 
3.4] 39.30 | 39.65 | 40.00 | 40.35 | 40.71 | 41.06 | 41.42 | 41.78 | 42.14 | 49.51 | 4) 711i14'1 
3.5| 42.88 | 43.24 | 43.61 | 43.99 | 44.36 | 44.74 | 45.12 | 45.50 | 45.88 | 46.27 | 4) 7/11/15 1: 
3.6] 46.66 | 47.05 | 47.44 | 47.83 | 48.23 | 48.63 | 49.03 | 49.43 | 49.84 | 50.24 | 4) 8121621 
3.7| 50.65 | 51.06 | 51.48 | 51.90 | 52.31 | 52.73 | 53.16 | 53.58 | 54.01 | 54.44 } 4) 8/13/1712 
3.8| 54.87 | 55.31 | 55.74 | 56.18 | 56.62 | 57.07 | 57.51 | 57.96 | 88.41 | 58.86 | 4| 9113/1812: 
3.9] 59.32 | 59.78 | 60.24 | 60.70 | 61.16 | 61.63 | 62.10 | 62.57 | 63.04 | 63.52 | 5! 9/1419 
ac 
4.0] 64.00 | 64.48 | 64.96 | 65.45 | 65.94 | 66.43 | 66.92 | 67.42 | 67.92 | 68.42 | 5110/1520 : 
4.1] 68.92 | 69.43 | 69.93 | 70.44 | 70.96 | 71.47 | 71.99 | 72.51 | 73.03 | 73.56 | 5|10/16| = 
4.2| 74.09 | 74.62 | 75.15 |. 75.69 | 76.23 | 76.77 | 77.31 | 77.85 | 78.40 |/78.95 | 5/11/16) 8 ; 
4.3] 79.51 | 80.06 | 80.62 | 81.18 | 81.75 | 82.31 | 82.88 | 83.45 | 84.03 | 84.60 | 6/11/17 3 8 
4.4) 85.18 | 85.77 | 86.35 | 86.94 | 87.53 | $8.12 | $8.72 | 89.31 | 89.92 | 90.52 | 6/12/18) & 
o 
~~ 4 
4.5] 91.13 | 91.73 | 92.35 | 92.96 | 93.58 | 94.20 | 94.82 | 95.44 | 96.07 | 96.70 | 6/1319}, § 
AGIOG S45 297-97 1598.61 599 2541099 OONNGOI4 }.. 6 cNe ey tac es seen ue 6/13/19} * 
PANG Att, Saitek eet Seale, calles oa OE Sale 100:5 {101.2 101.8 |102.5° |108:2; | 1) 1) 23% 
4.7/103.8 104.5 |105.2 |105.8 |106.5 {107.2 |107.9 |108.5 |109.2 |109.9 | 1| 1) 2} 3]. 
4.8)110.6 |111.3 |112.0 |112.7 |113.4 |114.1 (114.8 1115.5 |116.2 1'116.9 Yj 1 2) 3) | 
4.9)117.6 |118.4 |119.1 |119.8 120.6 |121.8 1122.0 |122.8 |123.5 |124.3~] 1] 1) 2} 3) 
5.0/125.0 |125.8 |126.5 |127.8 128.0 |128.8 |129.6 |130.3 [131.1 {131.9 | 1) 2} 2) 3). 
5.1/1382.7 [133.4 {134.2 |135.0 /185.8 |136.6 |137.4 |138.2 139.0 |139.8 | 1] 2} 2| 3). 
5.2)140.6 |141.4 |142.2 /143.1 |143.9 |144.7 |145.5 |146.4 1147.2 |148.0 | 1] 2/ 2/ 3]. 
5.3)148.9 {149.7 |150.6 |151.4 |152.3 |153.1 154.0 |154.9 [155.7 |156.6 | 1| 2| 3) 3 
5.4)157.5  |158.3  |159.2 /|160.1 161.0 |161.9 [162.8 |163.7 [164.6 [165.5 | 1) 2} 3) 4 
N 0 1 2 3 4 5 6 7 8 9 1/2/3/4]: 
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Table 2. Cubes of numbers—Continued (see Art. 75) 

Prop. parts 

N 0 1 2 3 4 5 6 "¢ 8 9 
1)2)3/4/5 
§.5}/166.4 |167.3 |168.2 |169.1 |170.0 |171.0 |171.9 |172.8 J173.7 |174.7 | 1] 21 3] 4] 5 
§.6)175.6 |176.6 |177.5 |178.5 |179.4 |180.4 |181.3 |182.3 |183.3 |184.2 | 1] 2] 3] 4| 5 
§.7/185.2 |186.2 |187.1 |188.1 |189.1 |190.1 191.1 |192.1 |193.1 |194.1 | 1] 2] 3] 4) 5 
5.8|195.1 |196.1 |197.1 |198.2 |199.2 |200.2 |201.2 |202.3 |203.3 |204.3 | 1] 2| 3] 41 5 
5.9|205.4-|206.4° |207.5 |208.5 |209.6 |210.6 |211.7 |212.8 |213.8 |214.9 | 1] 2] 3] 41 5 
6.0}216.0 |217.1 |218.2 |219.3 |220.3 |221.4 |222.5 |293.6 |224.8 |225-9 | 1] 2! 3] 41 6 
6.1)227.0 |228.1 |229.2 |230.3 |231.5 |232.6 |233.7 |234.9 |236.0 |237.2 | 1] 2| 3| 516 
6.2/238.3 |239.5 |240.6 |241.8 |243.0 |244.1 |245.3 |246.5 |247.7 |248.9 | 1] 2! 4] 5) 6 
6.3}250.0 |251.2 |252.4 1253.6 |254.8 1256.0 |257.3 |258.5 |259.7 |260.9 | 1) 2| 4| 5| 6 
6.4/262.1 )263.4 |264.6 |265.8 |267.1 |268.3 |269.6 |270.8 |272.1 |273.4 | 1] 3] 4) 51 6 
6.5|274.6 |275.9 |277.2 |278.4 |279.7 |281.0 |282.3 |283.6 |284.9 |286.2 | 1] 3] 4| 5] 7 
6.61287.5 |288.8 |290.1 [291.4 |292.8 |2904.1 |295.4 |296.7 |298.1 |299.4 | 1] 3] 4) 5| 7 
6.7|300,8 |302.1 |303.5 |304.8 |306.2 |307.5 |308.9 |310.3 |311.7 |313.0 | 1] 3] 4) 6| 7 
6.8/314.4 |315.8 |317.2 |318.6 |320.0 |321.4 |322.8 |324.2 |325.7 |327.1 | 1] 3] 4! 6| 7 
6.9/828.5 |329.9 |331.4 |382.8 |334.3 |835.7 |337.2 |338.6 |340.1 |341.5 | 1] 3] 4| 6] 7 
7.0/343.0 |344.5 |345.9 |347.4 |348.9 |350.4 |351.9 |353.4 [354.9 |356.4 | 1] 3) 4! 6) 7 
7.113857.9 |359.4 |360.9 |362.5 |364.0 |365.5 |367.1 |368.6 |370.1 |371.7 | 2) 3] 5) 6| 8 
7.2)373.2 1374.8 |376.4 |377.9 1379.5 |381.1 |382.7 |384.2 [385.8 |387.4 | 2) 3] 5| 6| 8 
7.3/389.0 |390.6 |392.2 |393.8 |395.4 |397.1 |398.7 |400.3 |401.9 |403.6 | 2) 3) 5} 7 8 
7.4/405.2 1406.9 |408.5 |410.2 /411.8 |413.5 |415.2 |416.8 [418.5 |420.2 | 2) 3) 5| 7/8 
7.5|421.9 1423.6 |425.3 |427.0 |428.7 |430.4 |482.1 1483.8 1485.5 |437.2 | 2) 3) 5) 7/ 9 
7.6|439.0 |440.7 |442.5 |444.2 |445.9 |447.7 [449.5 |451.2 |453.0 454.8 | 2! 3) 5) 7/ 9 
7.7/456.5 1458.3 |460.1 |461.9 |463.7 [465.5 |467.3 |469.1 [470.9 |472.7 | 2| 4) 5) 7) 9 
7.8|474.6 1476.4 |478.2 |480.0 |481.9 |483.7 |485.6 |487.4 1489.3 |491.2 | 2) 4) 6 7| 9 
7.9|493.0 |494.9 |496.8 |498.7 |500.6 {502.5 [504.4 |506.3 |508.2 |510.1 | 2| 4) 6} 8| 9 
8.0/512.0 1513.9 |515.8 |517.8 [519.7 |521.7 |523.6 |525.6 |527.5 |529.5 | 2) 4) 6) 8/10 
8.1/531.4 (533.4 |535.4 1587.4 |539.4 |541.3 |5438.3 (545.3 [547.3 [549.4 | 2) 4| 6) 8/10 
8.2|551.4 [553.4 1555.4 |557.4 1559.5 |561.5 1563.6 |565.6 [567.7 1569.7 | 2) 4! 6] 8/10 
8.3|571.8 1573.9 1575.9 |578.0 |580.1 |582.2 |584.3 |586.4 |588.5 |590.6 | 2} 4) 6) 8/10 
8.41592.7 1594.8 [596.9 |599.1 |601.2 |603.4 |605.5 |607.6 |609.8 |612.0 | 2) 4 6 9/11 
8.5/614.1 1616.3 |618.5 |620.7 |622.8 |625.0 |627.2 |629.4 /631.6 |633.8 | 2| 4) 7) 9/11 
8.6/636.1 1638.3 |640.5 1642.7 |645.0 |647.2 |649.5 |651.7 /654.0 |656.2 | 2) 4) 7) 9/11 
8.7/658.5 1660-8 1663.1 |665.3 |667.6 |669.9 |672.2 |674.5 |676.8 |679.2 | 2) 5) 7 911 
8.8/681.5 |683.8 1686.1 |688.5 |690.8 |693.2 |695.5 |697.9 |700.2 |702.6 | 2) 5) 7 912 
8.91705.0 |707.3 |709.7 |712.1 |714.5 |716.9 |719.3 |721.7 |724.2 |726.6 | 2) 5) 7/1012 
9.0/729.0 |731.4 |733.9 |736.3 |738.8 |741.2 |743.7 |746.1 |748.6 |751.1 | 2) 5) 710/12 
9.11753.6 |756.1 |758.6 |761.0 |763.6 |766.1 |768.6 |771.1 |773.6 |776.2 | 3) 5) 7/1013 
. 9.21778.7 |781.2 |783.8 |786.3 |788.9 |791.5 |794.0 |796.6 |799.2 |801.8 | 3) 5) 810/13 
9.3/804.4 1807.0 1809.6 |812.2 |814.8 |817.4 |820.0 |822.7 |825.3 |827.9 | 3) 5) 8/10/13 
9.4/830.6 1833.2 |835.9 |838.6 |841.2 |843.9 |846.6 |849.3 |852.0 |854.7 | 3/ 5) 811/13 
9.5/857.4 1860.1 |862.8 |865.5 |868.3 |871.0 |873.7 |876.5 |879.2 |882.0 | 3) 5) 811/14 
9.6|884.7 1887.5 |890.3 |893.1 |895.8 |898.6 |901.4 |904.2 |907.0 |909.9 | 3) 6 8)11\14 
9.7/912.7 |915.5 |918.3 |921.2 |924.0 |926.9 |929.7 |932.6 935.4 |938.3 | 3) 6 9)11)14 
9.81941.2 |944.1 1947.0 |949.9 1952.8 1955.7 |958.6 |961.5 |964.4 |967.4 | 3) 6) 9/12/15 
9.91970.3 |973.2 |976.2 |979.1 |982.1 |985.1 |988.0 |991.0 |994.0 |997.0 | 3} 6) 9/12/15 
N 0 it 2 3 4 5 6 7 8 9 1/2/)3|4/5 
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Table 8. Square roots of numbers 1.0-5.49 (see Art. 75) 


Prop. parts 
N 0 i 2 3 4 5 6 if 8 9 

1|2)3/ 45 
1.0! 1.000] 1.005} 1.010] 1.015] 1.020} 1.025] 1.030) 1.034] 1.039) 1.044) 0) 1) 1) 2| 2 
1.1] 1.049] 1.054} 1.058] 1.063] 1.068} 1.072] 1.077] 1.082) 1.086)-1.091) 0| 1) 1) 2) 2 
1.2| 1.095] 1.100] 1.105) 1.109) 1.114) 1.118] 1.122] 1.127) 1.131) 1.136) 0) J) 1) 2) 2 
1.3] 1.140] 1.145] 1.149] 1.153] 1.158] 1.162] 1.166] 1.170) 1.175) 1.179, 0} 1) VY} 2) 2 
1.4] 1.183] 1.187} 1.192} 1.196] 1.200] 1.204) 1.208) 1.212) 1.217; 1.221) 0) 1) 1) 2) 2 
1.5) 1.225) 1.229) 1.233) 1.237) 1.241) 1.245) 1.249) 1.253) 1.257) 1.261) 0 1) 1) 2) 2 
1.6] 1.265] 1.269] 1.273] 1.277) 1.281] 1.285] 1.288] 1.292) 1.296) 1.300) 0} 1) 1} 2) 2 
1.7) 1.304] 1.308] 1.311] 1.315] 1.319] 1.323) 1.327) 1.330] 1.334) 1.338) 0) 1) 1) 2) 2 
1.8] 1.342] 1.345) 1.349] 1.353] 1.356] 1.360) 1.364) 1.367) 1.371) 1.375) 0} 1] 1) 1) 2 
1.9] 1.378] 1.382} 1.386] 1.389} 1.393] 1.396) 1.400} 1.404; 1.407) 1.411! Oj 1) 1) 1) 2 
2.0} 1.414} 1.418) 1.421] 1.425) 1.428) 1.432] 1.435) 1.439) 1.442) 1.446) 0} 1) 1) 1) 2 
2.1) 1.449] 1.453] 1.456] 1.459] 1.463] 1.466] 1.470] 1.473] 1.476) 1.480] Oj 1 1) 1) 2 
2.2) 1.483] 1.487] 1.490] 1.493] 1.497) 1.500) 1.503) 1.507] 1.510) 1.513) 0} 1) 1) 1) 2 
2.3) 1.517) 1.520) 1.523) 1.526) 1.530) 1.533) 1.536) 1.5389) 1.543) 1.546] 0} 1) 1] 1) 2 
Qa 549) 1.552) 1.556) 1.559) 1.562] 1.565) 1.568) 12572) 15575) £2578) 0) Nate 2 
2.5) 1.581] 1.584) 1.587| 1.591) 1.594) 1.597] 1.600] 1.603) 1.606) 1.609) 0) 1) 1) 1) 2 
2.6) 1.612) 1.616] 1.619| 1.622) 1.625) 1.628} 1.631] 1.634] 1.637; 1.640} 0) 1) 1} 1) 2 
2.7| 1.643] 1.646] 1.649} 1.652} 1.655] 1.658} 1.661) 1.664] 1.667) 1.670) 0) 1) 1) 1) 2 
2.8) 1.673] 1.676) 1.679) 1.682} 1.685] 1.688) 1.691) 1.694) 1.697) 1.700) 0} 1) 1) 1) 1 
229) 1.703) 1.706) L.'709V"L. 712) Le715| A718) Le720l 1.723) tet 26) 15629101 1) dive 
3.0) 1.732) 1.735) 1.738) 1.741) 1.744) 1.746) 1.749) 1.752) 1.755) 1.758) 0) 1)-1| 1) 1 
3.1) 1.761) 1.764) 1.766) 1.769) 1.772! 1.775) 1.778] 1.2780) 1.783) 1.786) 0) 1) 1) YB 
3.2) 1.789)-1.792| 1.794) 1.797) 1.800) 1.803) 1.806] 1.808] 1.811) 1.814) 0) 1) 1) 1} 1 
3.3] 1.817} 1.819] 1.822) 1.825) 1.828] 1.830) 1.833) 1.836] 1.838) 1.841) 0} 1) 1) 1) 1 
3.4) 1.844) 1.847] 1.849) 1.852] 1.855) 1.857} 1.860] 1.863) 1.865) 1.868) 0) 1) 1) 1) 1 
3.5) 1.871] 1.873) 1.876] 1.879} 1.881) 1.884] 1.887] 1.889] 1.892) 1.895) 0} 1) 1) 1) 1 
3.6] 1.897] 1.900} 1.903) 1.905) 1.908] 1.910) 1.913} 1.916] 1.918) 1.921) 0) 1) 1) 1) 1 
3.7| 1.924] 1.926) 1.929] 1.931] 1.934] 1.936] 1.939] 1.942] 1.944) 1.947) 0} 1) 1) 1) 1 
3.8) 1.949) 1.952) 1.954) 1.957} 1.960) 1.962) 1.965) 1.967) 1.970) 1.972) 0) 1) 1) 1) 1 
3.9) 1.975| 1.977) 1.989) 1.982) 1.985] 1.987] 1.990} 1.992] 1.995 1.997] 0) 1) 1) 1) 1 
4.0) 2.000} 2.002) 2.005} 2.007) 2.010} 2.012] 2.015) 2.017) 2.020) 2.022) 0; 0} 1) 1) 1 
4.1| 2.025] 2.027) 2.030] 2.032) 2.035] 2.037] 2.040) 2.042) 2.045] 2.047| 0} O} 1] 1) 1 
4.2) 2.049) 2.052) 2.054) 2.057| 2.059) 2.062} 2.064) 2.066] 2.069} 2.071] 0) 0} 1) 1) 1 
4.3) 2.074) 2.076] 2.078) 2.081) 2.083) 2.086] 2.088] 2.090) 2.093] 2.095) 0 0} agi bi ok 
4.4) 2.098) 2.100) 2.102) 2.105) 2.107) 2.110) 2.112) 2.114) 2.117) 2.119] oO} O} 1) 1) 1 
4.5) 2.121; 2.124) 2.126) 2.128) 2.131} 2.133) 2.135) 2.138) 2.140) 2.142] 0] Oo] 1] 1) 1 
4.6) 2.145) 2.147) 2.149) 2.152) 2.154) 2.156] 2.159) 2.161] 2.163] 2.166] 0] O} 1) 1) 1 
4.7| 2.168) 2.170) 2.173) 2.175) 2.177) 2.179) 2.182) 2.184) 2.186) 2.189] O| O} 4} 1) 1 
4.8] 2.191) 2.193) 2.195) 2.198) 2.200) 2.202) 2.205) 2.207) 2.209) 2.211! Oo} Oo} 1) 11 1 
4.9) 2.214) 2.216) 2.218) 2.220) 2.223] 2.225) 2.227) 2.229) 2.232) 2.234] 0] oO} 1) 1] 1 
5.0} 2.236) 2.238] 2.241) 2.243) 2.245) 2.247) 2.249] 2.252) 2.254) 2.256] O} O} 1) 1/1 1 
5.1] 2.258) 2.261) 2.263) 2.265] 2.267| 2.269) 2.272) 2.274] 2.276) 2.278] 0 0 Li Bf 
5.2] 2.280} 2.283] 2.285) 2.287| 2;289] 2.291) 2.293) 2.296] 2.298) 2.300! 0] O} il 1) 1 
5.3} 2.302) 2.304] 2.307] 2.309] 2.311) 2.313] 2.315) 2.317) 2.319] 2.322) 0] 0} 1) 1) 1 
5.4) 2.324) 2.326) 2.328) 2.330) 2.332] 2.335) 2.337) 2.339] 2.341! 2.343] O| O} 1] 11 1 
ce a ee ee A Pee Ree a Ye eR en Sa Ug ai 
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Art. 75, SQUARE ROOTS 1449 
Table 3. Square roots of numbers 5.50-9.99—Continued (see Art. 75) 

Prop. parts 
N 0 ak 2 3 4 5 6 iG 8 9 

Ba oul ate 
5.5) 2.345) 2.347] 2.349) 2.352) 2.354) 2.356] 2.358] 2.360] 2.362) 2.364] o| o| 1] 1) 1 
5.6} 2.366) 2.369) 2.371) 2.373] 2.375] 2.377] 2.379] 2.381] 2.383] 2.385) 0! O| 1/ 1] 1 
5.7) 2.387) 2.390] 2.392] 2.394] 2.396] 2.398] 2.400] 2.402] 2.404] 2.406] 0) oO} 1] 1 ] 
5.8} 2.408} 2.410] 2.412) 2.415) 2.417] 2.419] 2.421] 2.423] 2.425) 2.427) o| o| 1/ 1/1 
5.9} 2.429) 2.431) 2.433) 2.435) 2.437] 2.439] 2.441] 2.443] 2.445] 2.447] o| oO] 1] 1/1 1 
6.0) 2.449] 2.452) 2.454) 2.456] 2.458) 2.460] 2.462] 2.464] 2.466) 2.468] 0] O| 1] 1) 1 
6.1) 2.470) 2.472) 2.474) 2.476] 2.478} 2.480) 2.482] 2.484] 2.486] 2.488) 0] oO} 1] 1) 1 
6.2) 2.490) 2.492) 2.494) 2.496) 2.498) 2.500) 2.502] 2.504] 2.506) 2.508] 0} 0] 1) 11 1 
6.3) 2.510) 2.512) 2.514) 2.516) 2.518] 2.520) 2.522] 2.524) 2.526) 2.528) o| oO} 1] 1) 1 
6.4) 2.530) 2.532) 2.534) 2.536) 2.538] 2.540] 2.542] 2.544) 2.546) 2.548] o| oO} 1) 1) 1 
6.5) 2.550) 2.551) 2.553) 2.555) 2.557} 2.559] 2.561) 2.563) 2.565) 2.567] 0} O| 1} 1) 1 
6.6) 2.569) 2.571) 2.573] 2.575] 2.577] 2.579] 2.581] 2.583) 2.585] 2.587] oO} 0} 1} 1) 1 
6.7| 2.588) 2.590) 2.592) 2.594) 2.596) 2.598] 2.600] 2.602) 2.604] 2.606] 0] 0] 1! 1) 1 
6.8) 2.608) 2.610) 2.612) 2.613] 2.615} 2.617) 2.619] 2.621) 2.623) 2.625] oO] O} 1) 1) 1 
6.9) 2.627) 2.629] 2.631) 2.632) 2.634) 2.636] 2.638] 2.640] 2.642) 2.644] oO} Oj 1! 1) 1 
7.0) 2.646) 2.648) 2.650) 2.651) 2.653] 2.655] 2.657| 2.659] 2.661) 2.663) 0} 0} 1] 1) 1 
7.1) 2.665) 2.666) 2.668) 2.670) 2.672] 2.674] 2.676] 2.678) 2.680) 2.681) 0] 0} 1) 1) 1 
7.2) 2.683) 2.685] 2.687| 2.689] 2.691] 2.693] 2.694] 2.696} 2.698) 2.700] 0] 0} 1) 1] 1 
0.9) 2.702) 2,704) 2.706) 2.707) 2.709) 2.711) 2.5713) 2.715) 2.717) 2.718) 0} 0} 1) 1) 2 
@.4) 2.720) 2.722) 2.724) 2.726) 2.728) 2.729) 9.731) 2.733] 2.735) 2.737) 0} O| 1) 1) 1 
7.5) 2.739] 2.740| 2.742) 2.744) 2.746) 2.748] 2.750) 2.751] 2.753) 2.755) 0} 0} 1) 1 1 
7.6) 2.757| 2.759) 2.760) 2.762) 2,764) 2.766) 2.768) 2.769] 2.771) 2.773] 0} 0} 1} 1) 1 
@.7\ 2.775| 2.777| 2.778) 2.780) 2.782) 2.784| 2.786) 2.787] 2.789) 2.791) oO} 0} 1) 1) 1 
7.8| 2.793] 2.795] 2.796] 2.798] 2.800] 2.802) 2.804} 2.805) 2.807] 2.809) 0] 0 1) 1) 1 
7.9) 2.811] 2.812] 2.814) 2,816] 2.818) 2.820) 2.821) 2.823} 2.825) 2.827) 0} 0} 1) 1) 1 
8.0) 2.828] 2.830] 2.832) 2.834] 2.835] 2.837] 2.839] 2.841) 2.843) 2.844 0) OFA het 
8.1] 2.846] 2.848] 2.850) 2.851] 2.853) 2.855] 2.857) 2.858) 2.860) 2.862) 0) 0} 1 a) 
8.2| 2.864] 2.865) 2.867] 2.869) 2.871] 2.872] 2.874} 2.876) 2.877) 2.879) 0} 0} 1) 1) 1 
8.3] 2.881) 2.883] 2.884| 2.886) 2.888] 2.890) 2.891! 2.893) 2.895) 2.897) 0; 0} 1) 1) 1 
8.4) 2.898] 2.900) 2.902] 2.903) 2.905] 2.907) 2.909} 2.910} 2.912) 2.914) 0} oO} 1) 1) 1 
8.5] 2.915] 2.917) 2.919] 2.921) 2.922) 2.924) 2.926) 2.927) 2.929) 2.931) 0) O] 1 11 
8.6] 2.933] 2.934] 2.936] 2.938) 2.939] 2.941] 2.943] 2.944) 2.946) 2.948] 0] 0} 1/ 1) 1 
8.7] 2.950] 2.951) 2.953) 2.955) 2.956) 2.958) 2.960} 2.961) 2.963) 2.965) &) 0; 1) 1) 1 
8.8] 2.966] 2.968] 2.970] 2.972] 2.973] 2.975) 2.977| 2.978) 2.980) 2.982) 0] 0] 1) 1) 1 
8.9] 2.983] 2.985] 2.987] 2.988] 2.990] 2.992) 2.993) 2.995) 2.997) 2.998) 0] 0} 1) 1) 1 
9.0} 3.000] 3.002] 3.003) 3.005) 3.007) 3.008) 3.010) 3.012) 3.013) 3.015) 0} 0} 0} 1) 1 
9.1) 3.017] 3.018] 3.020] 3.022! 3.023] 3.025] 3.027] 3.028) 3.030) 3.032) 0) 0} 0; 1) 1 
9.2) 3.033] 3.035] 3.036] 3.038] 3.040} 3.041] 3.043] 3.045) 3.046) 3.048) 0) 0} 0} 1} 1 
9.3] 3.050] 3.051} 3.053] 3.055] 3.056} 3.058) 3.059} 3.061] 3.063 3.064) QO} 0} OF 1) 1 
9.4) 3.066] 3.068] 3.069] 3.071] 3.072} 2.074] 3.076] 3.077) 3.079) 3.031! 0; 0) O} 1) 1 
9.5] 3.082! 3.084] 3.085] 3.087] 3.089] 3.090} 3.092} 3.094) 3.095) 3.097) 0} 0} O} 1) 1 
9.6] 3.098] 3.100] 3.102] 3.103] 3.105} 3.106] 3.108} 3.110] 3 111) 8.113) 0} 0} O} 1) 1 
9.7| 3.114] 3.116) 3.118] 3.119] 3.121] 3.122) 3.124) 3.126) 3.127) 3.129) 0) 0} Oj 1) 1 
9.8] 3.130) 3.132) 3.134) 3.135] 3.137) 3.138] 3.140} 3.142) 3.143) 3.145) 0} 0; O} 1] 1 
9.9] 3.146] 3.148] 3.150) 3.151) 3.153) 3.154) 3.156 3.158} 3.159] 3.161) 0} 0} 0} 1) 1 
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Table 3. Square roots of numbers 10-54.9—Continwed (see Art. 75) 


Or or Or Gr Or or or or or & 


Prop. parts 
N OF 1 2 3 4 5 6 ih 8 o: SS aa 

1 2)3/415 
10.) 3.162) 3.178] 3.194] 3.209] 3.225) 3.240) 3.256] 3.271] 3.286) 3.302) 2 3) 5) 6 8 
11.) 3.317] 3.332] 3.347| 3.362] 3.276] 3.291] 3.406] 3.421] 3.435) 3.450) 1 3) 4) 6| 7 
12.| 3.464] 3.479] 3.493] 3.507| 3.521] 3.536) 3.550) 3.564) 3.578) 3.592) 1 3) 4) 6| 7 
13.| 3.606] 3.619] 3.633] 3.647| 3.661] 3.674) 3.688] 3.701} 3.715] 3.728 1 3) 4) 5) 7 
14.| 3.742) 3.755] 3.768] 3.782] 3.795) 3.808] 3.821) 3.834) 3.847) 3.860) 1 3) 4) 5) 7 
15.| 3.873] 3.886] 3.899] 3.942] 3.924) 3.937] 3.950) 3.962) 3.975) 3.987| 1 3) 4) 5| 6 
16.| 4.000] 4.012} 4.025) 4.037; 4.050) 4.062) 4.074) 4.087} 4.099) 4.111] 1 2) 4) 5) 6 
17.| 4.123] 4.135) 4.147) 4.159] 4.171] 4.183] 4.195; 4.207] 4.219) 4.231] 1 2) 4) 5 6 
18.| 4.248] 4.254) 4.266) 4.278] 4.290) 4.301] 4.313] 4.324) 4.336) 4.347) 1 2) 3) 5) 6 
19.| 4.359] 4.370] 4.882] 4.393] 4.405) 4.416] 4.427] 4.438) 4.450) 4.461| 1 2) 3) 5 6 
20.) 4.472] 4.483) 4.494] 4.506] 4.517] 4.528] 4.539] 4.550) 4.561) 4.572) 1 2) 3) 4 
21.| 4.583] 4.593) 4.604] 4.615) 4.626] 4.637) 4.648) 4.658] 4.669) 4.680) 1 2) 3) 4 
22.| 4.690] 4.701) 4.712) 4.722) 4.733) 4.743) 4.754) 4.764] 4.775) 4.785) 1 2) 3] 4 
23.| 4.796] 4.806) 4.817] 4.827) 4.837) 4.848) 4.858) 4.868) 4.879) 4.889) 1 2) 3) 4 
24.| 4.899] 4.909] 4.919} 4.930) 4.940] 4.950) 4.960} 4.970) 4.980/ 4.990) 1 2) 3) 4 
25.| 5.000} 5.010) 5.020} 5.030) 5.040} 5.050) 5.060] 5.070) 5.079) 5.089) 1 2) 3) 4 
26.| 5.099} 5.109) 5.119} 5.128) 5.138] 5.148] 5.158] 5.167| 5.177) 5.187] 1 2) 3) 4 
27.) 5.196) 5.206} 5.215) 5.225] 5.235) 5.244) 5.254) 5.263] 5.273) 5.282) 1 2) 3) 4 
28.| 5.292! 5.301) 5.310} 5.320) 5.329] 5.339) 5.348] 5.357| 5.367) 5.376) 1 2) 3) 4 
29.) 5.385) 5.394) 5.404) 5.413) 5.422) 5.431) 5.441] 5.450] 5.459] 5.468] 1 2) 3) 4 
30.| 5.477) 5.486] 5.495) 5.505) 5.514) 5.523) 5.532) 5.541) 5.550) 5.559) 1 2) 3) 4 & 
81.| 5.568] 5.577] 5.586] 5.595) 5.604] 5.612) 5.621] 5.630] 5.639] 5.648] 1 2) 3) 4) 4 
32.| 5.657| 5.666] 5.675) 5.683] 5.692! 5.701) 5.710} 5.718) 5.727] 5.736) 1 2) 3] 4) 4 
83.| 5.745] 5.753) 5.762) 5.771) 5.779] 5.788) 5.797) 5.805] 5.814) 5.822) 1 2) 3) 3) 4 
34.| 5.831] 5.840] 5.848] 5.857) 5.865] 5.874] 5.882!) 5.891] 5.899) 5.908] 1 2! 3) 3) 4 
85.| 5.916] 5.925) 5.933) 5.941] 5.950] 5.958] 5.967] 5.975] 5.9838] 5.992) 1 2) 3) 3] 4 
36.| 6.000] 6.008} 6.017} 6.025) 6.033] 6.042) 6.050] 6.058) 6.066] 6.075) 1 2) 2) 3) 4 
37.| 6.083] 6.091] 6.099} 6.107] 6.116} 6.124) 6.132} 6.140] 6.148) 6.156] 1 2) 2) 3) 4 
38.| 6.164! 6.173} 6.181} 6.189] 6.197} 6.205) 6.213} 6.221] 6.229) 6.237) 1 2) 2) 3| 4 
39.| 6.245} 6.253] 6.261] 6.269] 6.277| 6.285) 6.293] 6.301] 6.399] 6.317] 1 2] 2) 3) 4 
40.] 6.325) 6.332) 6.340] 6.3848] 6.356} 6.364] 6.372] 6.380] 6.387] 6.395] 1 2) 2) 3) 4 ~ 
41.| 6.403] 6.411) 6.419] 6.427] 6.434] 6.442) 6.450) 6.458] 6.465) 6.473] 1 2) 2! 3) 4_ 
42.| 6.481] 6.488} 6.496) 6.504!) 6.512) 6.519] 6.527) 6.535) 6.542) 6.550} 1 2) 2| 3] 4 
43.| 6.557| 6.565) 6.573] 6.580! 6.588} 6.595) 6.603] 6.611] 6.618] 6.626] 1 2! 2) 3] 4 
44.| 6.633] 6.641) 6.648] 6.656] 6.663] 6.671] 6.678! 6.686] 6.693] 6.701) 1 2) 2) 3| 4 
45.| 6.708] 6.716) 6.723) 6.731) 6.738] 6.745] 6.753) 6.760) 6.768) 6.775) 1 1) 2) 3 
46.| 6.782) 6.790) 6.797} 6.804) 6.812} 6.819) 6.826) 6.834] 6.841] 6.848] 1 1] 2| 3 
47.| 6.856] 6.863) 6.870] 6.877] 6.885| 6.892] 6.899] 6.907] 6.914] 6.921] 1 1) 2) 3 
48.| 6.928] 6.935) 6.943) 6.950) 6.957! 6.964) 6.971) 6.979] 6.986) 6.993] 1 1) 2! 3 
49.| 7.000} 7.007) 7.014] 7.021] 7.029] 7.036] 7.043] 7.050] 7.057] 7.064) 1 1] 2] 3 
50.| 7.071) 7.078] 7.085) 7.092} 7.099] 7.106] 7.113] 7.120] 7.127] 7.134} 1 1) 2/ 3 
51.} 7.141] 7.148) 7.155) 7.162) 7.169} 7.176] 7.183).7.190) 7.197] 7.204] 1 1] 2] 3 
52.| 7.211) 7.218) 7.225) 7.232) 7.239) 7.246] 7.253) 7-259) 7.266) 7.273] 1 1) 2) 3 
53.| 7.280) 7.287) 7.294) 7.301) 7.308] 7.314] 7.321] 7.328|-7.335] 7.342] 1 1] 2] 3 
54.| 7.348) 7.355) 7.362) 7.369) 7.376] 7.382] 7.389) 7.396] 7.408] 7.409] 1 1| 2] 3 
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mB Art. 75. SQUARE ROOTS 1451 
y ee 
ae Square roots of numbers 55-99.9—Continwed (see Art. 75) 
Prop. parts 
N 0 1 2 3 4 5 6 7 8 9 
1)2)3)4/5 
55.| 7.416} 7.423) 7.430} 7.436] 7.443] 7.450! 7.457] 7.463] 7.470] 7.477| 1] 1| 2! 3/ 3 
56.) 7.483| 7.490) 7.497) 7.503] 7.510) 7.517) 7.523) 7.530] 7.537] 7.543) 1] 1] al 3] 3 
57.| 7.550} 7.556) 7.563) 7.570] 7.576] 7.583] 7.589) 7.596] 7.603] 7.609] 1] 1] 2] 3] 3 
58.| 7.616|-7.622} 7.629) 7.635] 7.642] 7.649] 7.655) 7.662| 7.668] 7.675] 1| 1] 2] 3) 3 
59.) 7.681; 7.688] 7.694) 7.701] 7.707| 7.714| 7.720] 7.727| 7.733] 7.740] 1/ 1] 2| 3] 3 
60.} 7.746) 7.752) 7.759| 7.765) 7.772) 7.778]! 7.785] 7.791) 7.797] 7.804] 1) 1] 2| 31 3 
61.) 7.810) 7.817} 7.823) 7.829] 7.836] 7.842! 7.849] 7.855! 7.861] 7.868] 1] 1] 2| 3| 3 
62.| 7.874| 7.880] 7.887| 7.893} 7.899} 7.906] 7.912] 7.918] 7.925] 7.931) 1] 1] 2] 3) 3 
63.) 7.937) 7.944] 7.950} 7.956] 7.962) 7.969] 7.975] 7.981] 7.987] 7.994] 1] 1] 2| 3] 3 
64.| 8.000} 8.006) 8.012} 8.019] 8.025) 8.031] 8.037] 8.044] 8.050] 8.056) 1] 1) 2| 2) 3 
65.) 8.062) 8.068! 8.075] 8.081] 8.087] 8.093} 8.099] 8.106] 8.112) 8.118) 1] 1] 2| 21 3 
- 66./ 8.124) 8.130} 8.136] 8.142} 8.149] 8.155] 8.161] 8.167] 8.173) 8.179] 1] 1} 2] 2) 3 
' 67.| 8.185} 8.191] 8.198] 8.204} 8.210} 8.216] 8.222} 8.228] 8.234) 8.240) 1] 1] 2] 2) 3 
68.) 8.246) 8.252] 8.258] 8.264} 8.270] 8.276] 8.283] 8.289] 8.295] 8.301] 1] 1] 2| 2] 3 
| 69.) 8.307) 8.313) 8.319} 8.325} 8.331) 8.337) 8.343] 8.349] 8.355] 8.361) 1] 1] 2| 2) 3 
- 70. 8.367] 8.373] 8.379| 8.385) 8.390} 8.396) 8.402] 8.408] 8.414] 8.420} 1] 1! 2/ 2) 3 
71.) 8.426] 8.432} 8.438} 8.444] 8.450] 8.456] 8.462] 8.468] 8.473] 8.479] 1] 1] 2] 2) 3 
72.| 8.485] 8.491] 8.497] 8.503) 8.509] 8.515] 8.521] 8.526] 8.532) 8.538] 1] 1] 2] 2) 3 
73.| 8.544| 8.550} 8.556) 8.562] 8.567| 8.573) 8.579] 8.585] 8.591! 8.597) 1] 1| 2] 2] 3 
74.| 8.602] 8.608} 8.614] 8.620] 8.626] 8.631] 8.637| 8.643] 8.649] 8.654) 1] 1] 2/ 2) 3 
75.| 8.660} 8.666] 8.672] 8.678] 8.683] 8.689] 8.695) 8.701] 8.706] 8.712] 1] 1] 2| 2) 3 
76.) 8.718] 8.724) 8.729] 8.735) 8.741) 8.746] 8.752) 8.758! 8.764| 8.769) 1) 1! 2) 2) 3 
77.| 8.775| 8.781} 8.786| 8.792) 8.798] 8.803] 8.809] 8.815] 8.820} 8.826] 1| 1] 2/ 2) 3 
78.| 8.832| 8.837] 8.843} 8.849] §.854| 8.860} 8.866] 8.871] 8.877) 8.883) 1] 1] 2| 2) 3 
79.| 8.888] 8.894! 8.899] 8.905} 8.911} 8.916} 8.922) 8.927] 8.933) 8.939} 1] 1] 2) 2) 3 
80.| 8.944! 8.950} 8.955) 8.961] 8.967] 8.972] 8.978] 8.983] 8.989) 8.994} 1] 1) 2) 2) 3 
§1./ 9.000} 9.006} 9.011} 9.017) 9.022} 9.028) 9.033} 9.039] 9.044) 9.050) 1] 1 2 2| 3 
82.| 9.055} 9.061} 9.066] 9.072) 9.077] 9.083) 9.088] 9.094) 9.099) 9.105) 1) 1} 2) 2) 3 
83.| 9.110) 9.116} 9.121] 9.127] 9.132] 9.138) 9.143) 9.149] 9.154; 9.160) 1) 1) 2} 2) 3 
84.) 9.165) 9.171] 9.176] 9.182) 9.187) 9.192) 9.198] 9.208} 9.209) 9.214) 1] 1) 2) 2) 3 
85.| 9.220) 9.225] 9.230] 9.236] 9.241) 9.247) 9.252) 9.257) 9.263] 9.268] 1) 1) 2) 2) 3 
86.) 9.274] 9.279) 9.284) 9.290] 9.295) 9.301) 9.306) 9.311] 9.317) 9.322) 1} 1] 2) 2) 3 
87.| 9.327] 9.333) 9.338] 9.343) 9.349) 9.354] 9.359] 9.365] 9.370] 9.375} 1) 1) 2} 2| 3 
88.| 9.381} 9.386] 9.391] 9.397) 9.402] 9.407) 9.413] 9.418] 9.423) 9.429) 1) 1} 2) 2) 3 
89.| 9.434] 9.439] 9.445] 9.450] 9.455) 9.460) 9.466] 9.471) 9.476) 9.482| 1) 1) 2) 2) 3 
99.| 9.487] 9.492] 9.497] 9.503) 9.508} 9.513) 9.518] 9.524) 9.529) 9.534) 1) 1) 2) 2) 3 
91.| 9.5389] 9.545) 9.550] 9.555) 9.560] 9.566) 9.571) 9.576) 9.581) 9.586) 1) 1) 2) 2) 3 
92.| 9.592} 9.597} 9.602] 9.607] 9.612] 9.618] 9.623) 9.628] 9.633) 9.638) 1) 1) 2) 2) 3 
93.| 9.644) 9.649] 9.654] 9.659] 9.664] 9.670) 9.675} 9.680) 9.685) 9.690) 1) 1} 2) 2) 3 
94.) 9.695] 9.701] 9.706) 9.711] 9.716] 9.721] 9.726) 9.731] 9.737) 9.742) 1) 1) 2) 2) 3 
95.) 9.747] 9:752] 9.757| 9.762] 9.767) 9.772] 9.778) 9.783} 9.788) 9.793] 1) 1) 2) 2) 3 
96.} 9.798] 9.803] 9.808] 9.813] 9.818] 9.823] 9.829] 9.834) 9.839) 9.844) 1} 1) 2) 2) 3 
97.| 9.849] 9.854] 9.859] 9.864] 9.869] 9.874] 9.879] 9.884} 9.889) 9.894) 1) 1) 2) 2) 3 
98.] 9.899] 9.905! 9.910] 9.915] 9.920) 9.925} 9.930} 9.935) 9.940) 9.945) 1) 1) 2) 2) 3 
99.| 9.950! 9.955] 9.960] 9.965] 9.970] 9.975] 9.980] 9.985] 9.990) 9.99% 1) 4) 2) 2) 3 
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Table 4. Cube roots of numbers 1.0-49.9 (see Art. ——— 


meee bo NNNWNW NNW NWd 


Prop. parts 
Nase 1 2 3 4 5 6 7 8 9. ——____ 
1}2/3/4/5 
1.| 1.000} 1.032] 1.063} 1.091] 1.119) 1.145] 1.170} 1.193] 1.216] 1.239 
2.| 1.260] 1.281] 1.301] 1.320] 1.339] 1.357] 1.375] 1.392] 1.409) 1.426]..|..]..]..}.. 
3.) 1.442] 1.458] 1.474] 1.489] 1.504] 1.518] 1.533] 1.547] 1.560) 1.574) 1) 3] 4| 6 7 
4.| 1.587] 1.601] 1.613} 1.626) 1.639] 1.651] 1.663) 1.675] 1.687; 1.698] 1) 2) 4| 5) 6 
5.| 1.710] 1.721| 1.732] 1.744] 1.754] 1.765} 1.776] 1.786] 1.797| 1.807) 1| 2) 3) 4) 5 
6.| 1.817] 1.827] 1.837] 1.847] 1.857] 1.866] 1.876] 1.885) 1.895] 1.904] 1) 2) 3) 4) 5 
7.| 1.913] 1.922] 1.931] 1.940] 1.949] 1.957] 1.966] 1.975] 1.983) 1.992) 1) 2) 3) 3) 4 
8.| 2.000] 2.008] 2.017] 2.025] 2.033] 2.041] 2.049] 2.057] 2.065) 2.072) 1) 2) 2) 3) 4 
9.| 2.080] 2.088] 2.095] 2.103] 2.110) 2.118) 2.125) 2.133] 2.140) 2.147] 1) 2) 2| 3) 4 
10.| 2.154) 2.162] 2.169] 2.176] 2.183] 2.190) 2.197| 2.204] 2.210] 2.217] 1) 2) 2| 3) 3 
11.| 2.224) 2.231| 2.237) 2.244] 2.251) 2.257] 2.264) 2.270] 2.277] 2.283] 1) 1| 2) 3) 3 
12.| 2.289] 2.296] 2.302] 2.308] 2.315] 2.321] 2.327] 2.333] 2.339) 2.345] 1) 1) 2} 2| 3 
13.| 2.351] 2.357) 2.363) 2.369] 2.375| 2.381] 2.387] 2.393] 2.399) 2.404} 1) 1] 2) 21 3 
14.| 2.410} 2.416] 2.422] 2.427] 2.433] 2.438] 2.444] 2.450] 2.455] 2.461] 1) 1| 2) 2| 3 
15.| 2.466] 2.472] 2.477| 2.483] 2.488| 2.493] 2.499] 2.504] 2.509] 2.515) 1) 1! 2} 2| 3 
16.| 2.520] 2.525] 2.530) 2.535) 2.541) 2.546| 2.551) 2.556] 2.561) 2.566) 1) 1) 2 2) 3 
17.| 2.571] 2.576) 2.581] 2.586) 2.591] 2.596) 2.601! 2.606] 2.611) 2.616) 0) 1) 1) 2) 2 
18.| 2.621] 2.626] 2.630] 2.635] 2.640] 2.645] 2.650] 2.654] 2.659) 2.664] 0} 1) 1) 2) 2 
19.| 2.668] 2.673] 2.678] 2.682] 2.687| 2.692] 2.696] 2.701| 2.705) 2.710) 0| 1] 1| 2) 2 
20.) 2.714] 2.719] 2.723] 2.728] 2.7382] 2.737) 2.741] 2.746] 2.750] 2.755! 0} 1) 1] 2) 2 
21.| 2.759] 2.763) 2.768] 2.7%2| 2.776| 2.781] 2.785] 2.789] 2.794] 2.798) 0| 1) 1) 2) 2 
22.| 2.802) 2.806] 2.811] 2.815] 2.819] 2.823] 2.827] 2.831] 2.836] 2.840) oO} 1) 1) 2) 2 
23.| 2.844] 2.848] 2.852) 2.856] 2.860] 2.864] 2.868] 2.872} 2.876] 2.880] 0] 1] 1| 2 2 
24.) 2.884] 2.888] 2.892] 2.896] 2.900] 2.904] 2.908] 2.912] 2.916) 2.920) 0| 1) 1) 2) 2 
25.| 2.924] 2.928) 2.932] 2.936] 2.940] 2.943] 2.947] 2.951] 2.955] 2.959] 0} 1) 1) 2) 2 
26.| 2.962] 2.966] 2.970} 2.974] 2.978] 2.981] 2.985] 2.989] 2.993] 2.996) 0} 1) 1) 2) 
27.) 3.000] 3.004] 3.007) 3.011] 3.015] 3.018] 3.022} 3.026] 3.029] 3.033) 0] 1] 1) 1 
28.| 3.037] 3.040] 3.044] 3.047} 3.051) 3.055] 3.058} 3.062} 3.065] 3.069] 0 1] 1 1 
29.| 3.072! 3.076] 3.079} 3.083] 3.086] 3.090] 3.093] 3.097} 3.100} 3.104| 0} 1) 1) 1 
30-)| 8.107) 3112) 3.114) 3.118) 3.121) 3.124] 3.128] 3.131) 3.135/-3.138) Oo} Haid 
31.) 3.141! 3.145] 3.148] 3.151) 3.155] 3.158] 3.162] 3.165] 3.168] 3.171] 0] 1| 1) 1 
32.) 3.175) 3.178] 3.181] 3.185] 3.188] 3.191! 3.195) 3.198! 2.201) 3.204! 0} 1) 1) 1 
33.| 3.208] 3.211] 3.214] 3.217] 3.220) 3.224) 3.227] 3.230] 3.233] 3.236] O| 1) 1] 1 
34.|*3.240) 3.243] 3.246] 3.249] 3.252] 3.255! 3.259] 3.262] 3.2651 3.268) 0] 1] 1| 1 
35.| 3.271) 3.274] 3.277] 3.280] 3.283] 3.287] 3.290) 3.293] 3.296] 3.299] oO] 1) 1] 1 
36.| 3.302) 3.305] 3.308) 3.311] 3.314] 3.317] 3.320] 3.323] 3.326) 3.329] O| 1] 11 1 
37.| 3.332] 3.335] 3.338] 3.341] 3.344] 3.347] 3.350) 3.353! 3.356] 3.359] O| 1/ 1] 1 
38.| 3.362] 3.365] 3.368] 3.371] 3.374] 3.377] 3.380] 3.382] 3.385] 3.388) 0} 1/ 11 1 
39.| 3.391] 3.394) 3.397) 3.400] 3.403] 3.406] 3.409] 3.411] 3.414) 3.417) o| 1) 1/1 
40.| 3.420) 3.423] 3.426] 3.428] 3.431] 3.434] 3.437] 3.440] 3.443] 3.445] o| 1/ 111 
41.| 3.448) 3.451] 3.454] 3.457) 3.459] 3.462] 3.465] 3.468) 3.471) 3.473 0) 1) 1) 1 1 
42.| 3.476] 3.479] 3.482) 3.484] 3.487] 3.490] 3.493) 3.495] 3.498) 3.501] 0] 1 1) 1) 1 
43.) 3.503) 3.506) 3.509] 3.512) 3.514] 3.517] 3.520) 3.522] 3.525] 3.5281 o| 11 1) 1/1 1 
44.| 3.530) 3.533] 3.536] 3.538] 3.541] 3.544) 3.546] 3.549] 3.552] 3.554] ol 1 11 1/4 
45.) 3.557) 3.560) 3.562] 3.565) 3.567) 3.570] 3.573|-3.575| 3.578) 3.580) 0} 1/ 1| 1) 1 
46.| 3.583) 3.586) 3.588] 3.591) 3.593] 3.596) 3.599] 3.601] 3.604] 3.606] 0] 1| 1) 1) 1 
47.| 3.609} 3.611} 3.614] 3.616] 3.619] 3.622] 3.624] 3.627] 3.629] 3.632] o| 1/ 1/ 1) 1 
48.| 3.634) 3.637) 3.639] 3.642] 3.644] 3.647] 3.649] 3.652] 3.654) 3.657) O| 1] 1] 11 1 
49.) 3.659] 3.662) 3.664] 3.667] 3.669] 3.672] 3.674] 3.677| 3.679] 3.682] O| O| 11 1 1 
Aiea hal 
= 
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Art. 75. CUBE ROOTS 1453 


Table 4. Cube roots of numbers 50.0-99.9 


be Prop. parts 
= N 0 1 2 3 4 5 6 7 8 Oe area ts 
; 1/2/3| 4/5 
' 50.] 3.684] 3.686] 3.689] 3.691) 3.694] 3.696] 3.699] 3.701] 3.704) 3.706) O| O| 1) 1) 1 
o1,| 3.708). 3.711] 3.713] 3.716] 3.718) 3.721] 3.723] 3.725] 3.728] 3.730] O| O| 1] 1] 1 
m. 52.) 3.733] 3.735) 3.737| 3.740] 3.742] 3.7441 3.747] 3.749| 3.752] 3.754] 0] O| 1] 1) 1 
53.| 3.756) 3.759) 3.761) 3.763] 3.766] 3.768] 3.770| 3.773] 3.775] 3.777] O| O| 1) 1) 1 
| 54.| 3.780) 37782) 3.784] 3.787) 3.789] 3.791] 3.794] 3.796] 3.798] 3.801] 0] O| 1] 1) 1 
» 55.) 3.803) 3.805) 3.808) 3.810) 3.812) 3.814] 3.817) 3.819] 3.821] 3.824! Oo] oO] 1) 1] 2 
) 56.| 3.826} 3.828] 3.830] 3.833] 3.835] 3.837] 3.839] 3.842] 3.844] 3.846] 0 OM Dated 
57.| 3.849] 3.851] 3.853] 3.855] 3.857] 3.860] 3.862] 3.864! 3.866] 3.869] O| O] 1] 11 1 
/ 98.| 3.871] 3.873) 3.875] 3.878] 3.880] 3.882] 3.884] 3.886] 3.889] 3.891) 0] O] 1] 1) 1 
' 59.| 3.893} 3.895) 3.897) 3.900} 3.902) 3.904) 3.906) 3.908] 3.911) 3.913] 0] O| 1] 1] 1 
60:} 3.915) 3.917) 3.919} 3.921) 3.924; 3.926} 3.928] 3.930} 3.932) 3.934] O} oO} 1] 1) 1 
61.| 3.936 3.939) 3.941) 3.943) 3.945} 3.947) 3.949) 3.951) 3.954) 3.956) 0} O} 1] 1) 1 
62.| 3.958} 3.960} 3.962) 3.964) 3.966] 3.968] 3.971) 3.973) 3.975) 3.977] 0] O} 1) 1) 1 
63.| 3.979) 3.981] 3.983] 3.985] 3.987] 3.990] 3.992) 3.994) 3.996) 3.998] 0} O| 1) 1) 1 
64.) 4.000) 4.002) 4.004) 4.006] 4.008) 4.010) 4.012] 4.015) 4.017) 4.019] 0} 0} 1) 1) 1 
' 65.| 4.021) 4.023) 4.025] 4.027) 4.029) 4.031] 4.033] 4.035) 4.037) 4.039] 0] 0} 1) 11 1 
i 66.} 4.041) 4.043) 4.045) 4.047) 4.049} 4.051) 4.053) 4.055) 4.058) 4.060] 0} 0} 1) 1) 1 
- 67.) 4.062} 4.064] 4.066) 4.068] 4.070] 4.072) 4.074| 4.076) 4.078 4.080) Oo] oO} 1) 1 1 
68.| 4.082} 4.084] 4.086) 4.088) 4.090] 4.092] 4.094) 4.096) 4.098) 4.100} 0} 6} 1) 1) 1 
69.| 4.102} 4.104; 4.106) 4.108} 4.109) 4.111} 4.113) 4.115) 4.117] 4.119] 0} 0] 1) 1) 1 
@O.) 4.121) 4.123) 4,125) 4.127] 4.129] 4.131) 4.133) 4.135] 4,137] 4.139] 0] 0) 1) 1) 1 
V1.) 4.141) 4.143] 4.145) 4.147) 4.149) 4.151] 4.152) 4.154) 4.156) 4.158) 0] O} 1) 1) 1 
72.| 4.160} 4.162) 4.164) 4.166] 4.168] 4.170) 4.172) 4.174) 4.176] 4.177] 0} 0} 1| 1) 1 
73.| 4.179] 4.181| 4.183) 4.185] 4.187] 4.189) 4.191) 4.193) 4.195] 4.196) O} O} 1) 1) 1 
74-| 4.198] 4.209) 4.202) 4.204} 4.206) 4.208) 4.210} 4.212) 4.213) 4.215) 0} Oj 1) 1} 1 
75.| 4.217) 4.219) 4.221] 4.223) 4.225] 4.227) 4.228) 4.230] 4.232) 4.234) 0} 0} 1} 1) 1 
76.| 4.236) 4.238] 4.240] 4.241] 4.243] 4.245) 4.247] 4.249) 4.251) 4.252) 0} 0} 1} 1) 1 
47.|\ 4.254) 4.256] 4.258)°4.260| 4.262) 4.264] 4.265) 4.267) 4.269] 4.271) 0) O| 1) 1) 1 
18.\24.273) 4.274) 4.276] 4.278] 4.280] 4.282] 4.284) 4.285) 4.287) 4.289) 0} 0) 1) 1) 1 
79.| 4.291} 4.293) 4.294) 4.296) 4.298] 4.300} 4.302) 4.303 4.305) 4,307) 0} 0} 1) 1) 1 
80.| 4.309) 4.311) 4.312) 4.314) 4.316) 4.318) 4.320 4.321 4.323} 4.325) 0) 0) 1) 1 1 
81.| 4.327] 4.329] 4.330] 4.332) 4.334] 4.336] 4.337] 4.339) 4.341) 4.343] 0} 0} 1) 1) 1 
82.| 4.344] 4.346] 4.348] 4.350) 4.352} 4.353] 4.355) 4.357) 4.359) 4.360) 0) 0) 1) 1) 1 
83.| 4.362] 4.364] 4.366] 4.367) 4.369] 4.371] 4.373] 4.374) 4.376) 4.378) 0} 0} 1) 1) 1 
84.| 4.380] 4.381) 4.383] 4.385] 4.386) 4.388} 4.390) 4.392) 4.393) 4.395) 0} 0} 1) 1} 1 
85.| 4.397] 4.399] 4.400} 4.402) 4.404) 4.405) 4.407) 4.409) 4.411) 4.412) 0/ Oj 1) 1) 1 
86.| 4.414) 4.416) 4.417) 4.419) 4.421) 4.423) 4.424) 4.426) 4.428) 4.429) 0} 0} 1) 1) 1 
87. 4.431) 4.433) 4.434) 4.436) 4.438} 4.440) 4.441 4.443) 4.445] 4.446 0} 0} 1) 1) 1 
88.| 4.448) 4.450) 4.451) 4.453] 4.455) 4.456) 4.458) 4.460, 4.461) 4.463) 0) 0) 1 1) 1 
89.| 4.465] 4.466] 4.468] 4.470] 4.471] 4.473] 4.475) 4.476) 4.478) 4.480) 0} 0} 0} 1) 1 
90.| 4.481] 4.483] 4.485] 4.486] 4.488] 4.490] 4.491) 4.493 4.495) 4.496) 0) 0; O} 1) 1 
91.) 4.498] 4.500] 4.501) 4.503] 4.505) 4.506] 4.508) 4.509) 4.511) 4.513) 0| 0 Oo} 1) 1 
2.1 4.514] 4.516] 4.518] 4.519] 4.521) 4.523) 4.524] 4.526) 4.527] 4.529) 0} 0] 0} 1} 1 
93.| 4.531] 4.532) 4.534] 4.536] 4.537| 4.539) 4.540 4,542) 4.544] 4.545] 0} O| O} 1) 1 
94.| 4.547] 4.548] 4.550] 4.552) 4.553] 4.555) 4.556) 4.558) 4.560) 4.561) 0} 0; 0} 1) 1 
95.| 4.563] 4.565] 4.566] 4.568] 4.569) 4.571) 4.572) 4.574) 4.576) 4.577) 0) 0} O} 1) 1 
96.1 4.579] 4.580] 4.582) 4.584] 4.585] 4.587) 4.588) 4.590} 4.592) 4.593) 0} 0; O} 1) 1 
97.| 4.595} 4.596] 4.598] 4.599] 4.601] 4.603] 4.604} 4.606) 4.607) 4.609} 0) 0} 0} 1) 1 
98.| 4.610] 4.612] 4.614) 4.615) 4.617] 4.613] 4.620) 4.621) 4.623] 4.625) 0} QO} O} 1) 1 
99.| 4.626] 4.628] 4.629} 4.631] 4.632] 4.634] 4.635) 4.637 4.688) 4.6490) 0} O} O} 1) 1 
1)/2/3|/4}5 
N 0 1 2 3.4 4 5 6 7 8 OS 
Prop. parts 
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Table 4. Cube roots of numbers 100-549 


Prop. parts 

N 10) 1 2 3 4. 5 6 cs 8 9 
1/2'13|4\5 
10.| 4.642} 4.657| 4.672| 4.688] 4.703] 4.718] 4.733] 4.747) 4.762) 4.777] 1} 3) 4) 6 7 
11.| 4.791] 4.806] 4.820) 4.835] 4.849] 4.863] 4.877] 4.891) 4.905) 4.919) 1) 3) 4| 6 7 
12.) 4.932] 4.946] 4.960] 4.973] 4.987] 5.000] 5.013] 5.027) 5.040) 5.053) 1) 3) 4) 5) 7 
13.| 5.066] 5.079] 5.092] 5.104) 5.117) 5.130] 5.143) 5.155) 5.168) 5.180) 1) 3) 4) 5) 6 
14.1°5.192] 5.205) 5.217) 5.229] 5.241) 5.254) 5.266] 5.278) 5.290) 5.301) 1| 2) 4) 5) 6 
15.| 5.313) 5.325] 5.337) 5.348) 5.360) 5.372) 5.383) 5.395) 5.406) 5.418) 1 2 3h 5)°6 
16.| 5.429) 5.440] 5.451) 5.463] 5.474] 5.485) 5.496| 5.507| 5.518) 5.529) 1) 2) 3) 4 6 
17.| 5.540) 5.550) 5.561| 5.572] 5.583] 5.593) 5.604) 5.615) 5.625) 5.636) 1) 2) 3) 4) 5 
18.| 5.646] 5.657| 5.667] 5.677| 5.688] 5.698] 5.708) 5.718) 5.729) 5.739] 1) 2) 3] 4) 5 
19.| 5.749) 5.759| 5.769| 5.779| 5.789] 5.799) 5.809] 5.819) 5.828] 5.838) 1) 2) 3) 4! 5 
20.) 5.848] 5.858] 5.867) 5.877] 5.887) 5.896} 5.906} 5.915) 5.925) 5.934) 1) 2) 3) 4| 5 
21.) 5.944] 5.953] 5.963] 5.972] 5.981] 5.991) 6.000] 6.009) 6.018) 6.028) 1| 2) 3) 4 5 
22.) 6.037] 6.046] 6.055) 6.064! 6.073) 6.082] 6.091] 6.100) 6.109} 6.118) 1} 2) 3) 4! 5 
23.| 6.127) 6.136] 6.145] 6.153] 6.162) 6.171] 6.180] 6.188] 6.197) 6.206} 1) 2| 3) 4) 4 
24.) 6.214] 6.223] 6.232] 6.240] 6.249) 6.257) 62266] 6.274) 6.283) 6.291) 1) 2) 3) 3, 4 
25.) 6.300] 6.308} 6.316] 6.325] 6.333] 6.341] 6.350] 6.358) 6.366) 6.374) 1) 2) 2) 3) 4 
26.] 6.383] 6.391) 6.399] 6.407} 6.415| 6.423) 6.431] 6.439] 6.447) 6.455) 1) 2) 2) 3) 4 
27.| 6.463) 6.471] 6.479| 6.487| 6.495] 6.503) 6.511) 6.519) 6.527) 6.534) 1} 2) 2) 3) 4 
28.| 6.542) 6.550] 6.558) 6.565) 6.573) 6.581) 6.589] 6.596) 6.604) 6.611) 1) 2) 2) 3) 4 
29.) 6.619] 6.627) 6.634| 6.642) 6.649] 6.657) 6.664] 6.672) 6.679) 6.687) 1] 2| 2) 3) 4 
30.) 6.694] 6.702) 6.709| 6.717| 6.724] 6.731) 6.739) 6.746) 6.753] 6.761] 1) 1) 2! 3) 4 
31.| 6.768] 6.775| 6.782) 6.790] 6.797) 6.804! 6.811] 6.818} 6.826) 6.833) 1) 1) 2} 3] 4 
32.| 6.840] 6.847) 6.854) 6.861) 6.868] 6.875] 6.882] 6.889} 6.896) 6.903) 1) 1| 2) 3) 4 
33.| 6.910] 6.917] 6.924) 6.931] 6.938] 6.945] 6.952] 6.959] 6.966) 6.973) 1) 1) 2| 3) 3 
34.| 6.980] 6.986] 6.993) 7.000] 7.007] 7.014) 7.020) 7.027| 7.034) 7.041) 1) 1) 2) 3) 3 
35.| 7.047| 7.054) 7.061) 7.067] 7.074] 7.081] 7.087) 7.094} 7.101] 7.107] 1} 1) 2) 3) 3 
BO. 7.114) 7120-7 12a 7.183) 7.140) 7.147) 7.153) 7.160) 7.166) 7.1738) 1) ad) 2) Sirs 
Sole ele dnl SOlete LOA e198" 72205) Va2l1) Fo QUIS) Tella Oo SON 72S cel bh onera mee 
38.| 7.243) 7.250) 7.256) 7.262) 7.268] 7.275) 7.281] 7.287| 7.294|.7.300| 1] 1) 2) 3) 3 
39.| 7.3806) 7.312] 7.319) 7.325) 7.331| 7.337) 7.343) 7.350} 7.356 7.362) 1) 1] 2| 2) 3 
40.) 7.368) 7.374] 7.380] 7.386] 7.393} 7.399] 7.405) 7.411] 7.417] 7.423] 1) 1) 2) 2| 3 
41.| 7,429) 7.435) 7.441| 7.447] 7.453] 7.459) 7.465] 7.471] 7.477] 7.483) 1| 1) 2) 2) 3 
42.| 7.489} 7.495] 7.501) 7.507| 7.513] 7.518] 7.524) 7.530) 7.536) 7.542| 1| 1] 2) 2) 3 
43.| 7.548) 7.554) 7.560) 7.565) 7.571) 7.577) 7.583) 7.589) 7.594! 7.600] 1} 1) 2| 2) 3 
44.| 7.606| 7.612| 7.617| 7.623) 7.629] 7.635] 7.640| 7.646] 7.652) 7.657] 1] 1] 2) 2| 3 
45.| 7.663] 7.669) 7.674] 7.680) 7.686] 7.691] 7.697| 7.703] 7.708] 7.714] 1] 1] 2} 2) 3 
46.) 7.719) 7.725) 7.731) 7.736) 7.742) 7.747| 7.758) 7.758 7.764| 7.769] 1| 1| 2) 21 3 
47.| 7.775) 7.780) 7.786) 7.791] 7.797| 7.802) 7.808] 7.813) 7.819] 7.824) 1) 1] 2) 213 
48.| 7.830) 7.835! 7.841) 7.846) 7.851] 7.857| 7.862] 7.868] 7.873] 7.878] 1] 1) 2) 2: 3 
49.| 7.884) 7.889} 7.894] 7.900] 7.905] 7.910] 7.916] 7.921] 7.926) 7.932] 1 1 2) 2| 3 
50.) 7.937) 7.942) 7.948) 7.953) 7.958) 7.963) 7.969] 7.974] 7.979] 7.984! 1] 1) 2| 21 3 
51.| 7.990) 7.995} 8.000) 8.005} 8.010} 8.016] 8.021) 8.026) 8.031] 8.036) 1] 1] 2) 2| 3 
52.| 8.041) 8.047) 8.052) 8.057] 8.062] 8.067] 8.072] 8.077] 8.082] 8.088] 1! 1] 2| 2] 3 
53.| 8.093) 8.098! 8.103} 8.108] 8.113] 8.118] 8.123] 8.128) 8.133] 8.138] 1] 1) 2| 2) 3 
54.) 8.143] 8.148) 8.153) 8.158] 8.163} 8.168] 8.173] 8.178] 8.183] 8.188] 0} 1] 1] 2) 2 
1/2!) 35) 455 

N | 0 1 2 3 4 a 6 7 8 9 
Prop. parts 


_ Art. 75. CUBE ROOTS 1455: 
ie Table 4. Cube roots of numbers 550-999 
| 
Prop. 
N 0 1 2 3 n Z - : é rop. parts 
‘sal 1}2/3/4/5 
55.| 8.193] 8.198] 8.203} 8.208] 8.213] 8.218] 8.223] 8.228 8.233 8.238 | 1 i| l 2 
56.| 8.243) 8.247] 8.252] 8.257] 8.262] 8.267] 8.272] 8.277 8.282) 8.286) 0] 1) 1! 2} 2 
57.| 8.291 Be) 8.301] 8.306] 8.311} 8.316] 8.320] 8.325] 8.330) 8.335] Oo] 1] 1] 2 2 
58.|} 8.340 8-344] 8.349) 8.354) 8.359] 8.363] 8.368] 8.373] 8.378] 8.382] oO] 1] 1] 2 2 
59.| 8.387] 8.392] 8.397] 8.401] 8.406] 8.411] 8.416] 8.420) 8.425 8.430) 0} 1} 1) 2) 2 
60.| 8.434] 8.439] 8.444] 8.448] 8.453] 8.458] 8.462] 8.467) 8.472 8.476] 0} 1) 1) 2) 2 
61.] 8.481] 8.486 8.490 8.495] 8.499] 8.504] 8.509] 8.513) 8.518] 8.522) oO] 1] 1/ 2) 2 
62.) 8.527) 8.532] 8.536] 8.541) 8.545] 8.550] 8.554] 8.559] 8.564) 8.568] 0] 1] 1) 2! 2 
63.| 8.573] 8.577] 8.582] 8.586] 8.591] 8.595} 8.600] 8.604) 8.609! 8.613) O| 1] 1] 2 2 
64.| 8.618] 8.622) 8.627] 8.631] 8.636] 8.640] 8.645] 8.649) 8.653] 8.658] 0] 1] 1) 2 2 
65.| 8,662} 8.667 8.671 8.676] 8.680] 8.685} 8.689} 8.693) 8.698) 8.702] 0] 1] 1) 2) 2 
66.| 8.707) 8.711] 8.715] 8.720] 8.724] 8.729] 8.733] 8.737] 8.742] 8.746] 0] 1] 1] 2| 2 
67.| 8.750| 8.755 8.759 8.763] 8.768] 8.772] 8.776] 8-781] 8.785} 8.789] 0} 1) 1) 2) 2 
68.| 8.794) 8.798] 8.802] 8.807] 8.811] 8.815] 8.819] 8.824) 8.828) 8.832] 0] 1] 1] 2] 2 
69.| 8.837) 8.841] 8.845] 8.849] 8.854] 8.858] 8.862] 8.866) 8.871] 8.875] 0] 1] 1) 2) 2 
70.| 8.879] 8.883] 8.887] 8.892] 8.896] 8.900] 8.904] 8.909} 8.913] 8.917] Oo! 1] 1) 2) 2 
71.| 8.921] 8.925] 8.929] 8.934] 8.938] 8.942] 8.946] 8.950) 8.955] 8.959] oO] 1! 1) 2] 2 
72.| 8.963] 8.967| 8.971] 8.975] 8.979] 8.984] 8.988] 8.992) 8.996] 9.000} 0} 1] 1) 2) 2 
73 9.004 9.008} 9.012} 9.016} 9.021] 9.025} 9.029) 9.033) 9.037) 9.041] 0} 1} 1) 2) 2 
74.| 9,045] 9.049] 9.053] 9.057] 9.061] 9.065] 9.069] 9.073] 9.078) 9.082] 0} 1} 1) 2) 2 
75.| 9.086] 9.090} 9.094] 9.098] 9.102} 9.106} 9.110] 9.114] 9.118) 9.122] 0} 1) 1) 2 2 
76./ 9.126] 9.180] 9.134] 9.138] 9.142} 9.146] 9.150] 9.154} 9.158) 9.162} 0} 1] 1) 2 2 
77.) 9.166} 9.170] 9.174] 9.178] 9.182] 9.185} 9.189] 9.193) 9.197} 9.201] 0} 1} 1) 2) 2 
78.) 9.205] 9.209] 9.213] 9.217] 9.221] 9.225] 9.229) 9.233] 9.237) 9.240) 0} 1) 1) 2) 2 
79.| 9,244) 9.248] 9.252] 9.256] 9.260] 9.264] 9.268) 9.272) 9.275) 9.279) O} 1) 1) 2) 2 
80.} 9.283] 9.287| 9.291] 9.295) 9.299] 9.302] 9.306] 9.310) 9.314) 9.318) 0} 1] 1) 2) 2 
81.| 9.322] 9.326] 9.329] 9.333] 9.337] 9.341] 9.345) 9.348) 9.352) 9.356) 0} 1) 1) 2) 2 
82.! 9.360] 9.364] 9.368] 9.371} 9.375] 9.379] 9.383] 9.386) 9.390) 9.394) O} 1} 1) 2) 2 
83.1 9.398] 9.402] 9.405) 9.409] 9.413] 9.417) 9.420} 9.424) 9.428) 9.432] 0} 1} 1) 2 2 
84.| 9.435] 9.439] 9.443] 9.447] 9.450) 9.454] 9.458) 9.462) 9.465) 9.469) 0} 1) 1 1 2 
85.1 9.473] 9.476] 9.480] 9.484] 9.488] 9.491] 9.495) 9.499) 9.502) 9.506} 0} 1) 1) 1) 2 
86.| 9.510] 9.513] 9.517) 9.521] 9.524] 9.528) 9.532) 9.535) 9.539) 9.543] 0} 1) 1) 1, 2 
87.| 9.546] 9.550| 9.554] 9.557] 9.561] 9.565] 9.568} 9.572) 9.576) 9.579) O} 1) 1 1 2 
88.} 9.583] 9.586| 9.590] 9.594] 9.597) 9.601] 9.605} 9.608) 9.612) 9.615) O} 1) 1 1 Fe 
89.| 9.619] 9.623] 9.626] 9.630] 9.633) 9.637] 9.641] 9.644) 9.648) 9.651) 0} 1} 1) 1 2 
90.) 9.6551 9.658] 9.662] 9.666] 9.669] 9.673] 9.676] 9.680 9.683) 9.687] 0] 1] 1] 1) 2 
91.| 9.691] 9.694! 9.698] 9.701] 9.705] 9.708] 9.712] 9.715) 9.719) 9.722) O} 1) 1) 1) 2 
92.) 9.726] 9.729| 9.733] 9.736] 9.740] 9.743] 9.747) 9.750) 9.754) 9.758) 0} 1) 1) 1) 2 
93.| 9.761| 9.764| 9.768] 9.771] 9.775] 9.778] 9.782) 9.785) 9.789) 9.792) 0} 1) 1) 1) 2 
94.| 9.796] 9.799] 9.803] 9.806] 9.810} 9.813] 9.817) 9.820) 9.824) 9.827) 0) 1) 1) 1) 2 
95.1 9.830] 9.834) 9.837] 9.841] 9.844] 9.848] 9.851) 9.855) 9.858) 9.861) 0 Alig 1| 2 
96.| 9.865| 9.868] 9.872] 9.875| 9.879] 9.882] 9.885} 9.889} 9.892) 9.896) 0} 1) 1) 1) Z 
97.| 9.899] 9.902] 9.906] 9.909] 9.913] 9.916} 9.919| 9.923 9.926 9.93 QO} 1) : T-2 
98.| 9.933] 9.936] 9.940] 9.943] 9.946] 9.950] 9.953) 9.956) 9.960 9.963) O} 1} 1) 1) 2 
'99.| 9.967| 9.970] 9.973] 9.977| 9.980] 9.983] 9.987) 9.990 9.993) 9.997) O} 1) 1) 1) 2 
pac 1/2/3|/4|5 
N 0 1 2 3 4 5 6 7 8 9 
Prop. parts 
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Table 5. Reciprocals of numbers (see Art. 75) 


| Prop. parts 

N 0 1 2 3 4 5 6 7 8 9 eee 
1|2|3 als 
1.0}1.000 -9901| .9804| .9709) .9615|) .9524| .9434) .9346 9259 9174 ‘s 
1.1) .9091) .9009| .8929| .8850| .8772] .8696| .8621) .8547| .8475) . 8403 2 bs 
1.2} .8333| .8264) .8197| .8130| .8064| .8000) .7937| .7874) .7813) #7752) = © 
1.3] .7692| .7634| .7576) .7519| .7463) .7407) .7353]) .7299| .7246) .7194) & Ye 
1.4} .7143] .7092| .7042| .6993) .6944| .6897| .6849| .6803) .6757) .6711 2 3 
ro 
1.5} .6667| .6623| .6579| .6536| .6494| .6452) .6410] .6369) .6329) .6289 3 
1.6) .6250} .6211] .6173] .6135| .6098] .6061| .6024| .5988) .5952) .5917| 4) 7/11) ~ 
1.7) .5882] .5848) .5814| .5780| .5747| .5714| .5682| .5650) .5618) .5587) 3) 7/10 
1.8) .5556| .5525) .5495| .5464| .5435) .5405| .5376| .5348) .5319] .5291) 3! 6] 9 
1.9] .5263] .5236) .5208} .5181] .5155| .5128] .5102| .5076) .5051) .5025) 3] 5! 8111/13 
2.0} .5000} .4975} .4950) .4926| .4902} .4878] .4854] .4831) .4808) .4785] 2) 5] 7/10/12 
2.1) .4762) .4739| .4717| .4695| .4673) .4651| .4630} .4608| .4587| .4566) 2) 4) 6 9/11 
2.2) .4545) .4525) .4505] .4484| .4464| .4444] .4425] 4405) .4386 .4367| 2) 4) 6} 8110 
2.3) .4348) .4329| .4310| .4292| .4274| .4255] .4237| .4219) .4202 4184 2) 4) 5| 7 9 
2.4) .4167| .4149| .4132} (4115) .4098] .4082 .4065| .4049) .4032) ,4016) 2) 3) 5) 7| 8 
2.5) .4000) .3984| .3968] .3953) .3937| .8922| .3906] .3891| .3876| .3861) 2| 3) 5] 6| 8 
2.6] .3846) .3831] .3817| .3802| .3788] .3774| .3759] ..3745] .3731) .3717| 1) 3] 4] 6| 7 
2.7| .3704| .3690] .3676) .3663] .3650| .3636] .3623] .3610| .3597| .3584| 1) 3) 4) 5| 7 
2.8) .3571] .3559] .3546| .3534) .3521] .3509| .3497] .3484] .3472] .3460 J) 2} 4) 5! 6 
2.9) .3448) 3436] .3425] .3413} .3401] .3390| .3378] .3367| .3356) .3344! 1) 9] 3] 5) 6 
3.0} .3333) .3322] .3311] .3300] .3289] .3279] .3268] .3257/ .3247| .3236) 1] 9] 3l 4 5 
3.1) .3226} .3215]} 3205] .3195] .38185] .3175] .3165| .3155| .3145 .3135) 1) 2) 3] 4) 5 
3.2) .3125) .3115) .3106] .3096] .3086] .3077] .3067| .3058| .3049| .3040] 1| 2) 3 4,5 
3.3} .3030) .3021} .3012] .3003] .2994]} .2985] .2976| .2967] .2959| .2950 1; 2) 3] 4) 4 
3.4) .2941| .2933] .2924| .2915] .2907| .2899] .2890] .2882] .2874| .2865 1) 2) 3) 3 4 
3.5) .2857| .2849] .2841! .2833] .2825] .2817] .2809] .2801] .2793] .2786 1} 2} 2) 3) 4 
3.6) .2778) .2770| .2762|) .2555| .2747| .2740] .2732| .2725| .2717] .2710 122) ZirS 
3.7) .2703) .2695| .2688] .2681| .2674| .2667] .2660| .2653| .2646| 2639 1) 1} 2) 3) 4 
3.8] .2632| .2625] .2618] .2611] .2604] .2597 .2591) .2584| .2577] .2571} 1] 1) 2] 3i 3 
3.9) .2564) 1.2558) .2551] .2545) 2538] .2532| .2525| .2519] .2513] .2506 LEW 2) 33 
4.0} .2500) .2494] .2488) .2481] .2475] .2469] .2463] .2457| .2451 - 2445) 1) 1) 2) 21 3 
4,i|. .2439) 2433] .2427] .2421| .2415 -2410) .2404] .2398} .2392) .2387] 1) 1) 2] 2 3 
4.2) .2381) .2375) .2370| .2364] .2358] .2353] .2347| .29342 . 2336] .2331] 1/1) 2/ 2] 3 
4.3) .2326] .2320) .2315] .2309| .2304] .2299] . 2994 2288] .2283) .2278) 1) 1] 2] 2| 3 
4.4) .2273] .2268) .2262] .2257| .2252| .2247| 2049 .2237| 2232) .2227) 1] 1] 2) 2] 3 
4.5} .2222| .2217| 2212] .2208] .2203] .2198 .2193) .2188) .2183] .2179] o| 1] 1| 2] 2 
4.6) .2174) .2169] .2165]} .2160] .2155] .2151| .2146 .2141) 2137) .2132) 0} 1) 1] 2) & 
4.7| .2128] .2123) .2119] 2114] .2110] .2105 2100} .2096) .2092) .2088) 0] 1] 1] 2] 2 
4.8} .2083] .2079| .2075] .2070 -2066] .2062] .2058] .2053] .2049] , 2045 (0) fan Hs Epa pes 
4.9) .2041) .2037| .2033] .2028] .2024| .2020] .2016 -2012} .2008) .2004! 0} 1} 1) 2! 2; 
5.0} .2000} .1996] .1992] .1988] .1984! .1980 .1976] .1972} .1969] .1965) 0} 1] i/ 2! 2: 
5.1) .1961) .1957| .1953} .1949] .1946] .1942| .1938 .1934) .1931) .1927] 0) 1] 1] 2] 2 
5.2) .1923) .1919] .1916] .1912] .1908] .1905] .1901 - 1898) .1894] .1890} 0} 1) 1] 1) 3 
5.3] .1887| .1883] .1880] .1876] .1873] .1869 . 1866} .1862} .1859) .1855] 0] 1) 1) 1) 2: 
5.4) .1852! .1848] .1845] .1842] .1838| .1835 . 1832; .1828) .1825] .1821] 0} 1) 1] 1) 2: 
N 0 1 2 3 [ess 5 6 16 8 9 L423) 4 
l cult 
ge FT =A S67 ST eS = —S——=—— 


| 


Ary, 7. RECIPROCALS 1457 
‘ Table 5. Reciprocals of numbers—Continuwed 
Prop. parts 
N 0 1 2 3 4 5 6 7 8 9 
1/2/3/4/5 
5.5) .1818) .1815) .1812) .1808] .1805] .1802] .1799] .1795) .1792] .1789! o| 1] 1] 1) 2 
5.6] .1786} .1783] .1779| .1776] .1773] .1770] .1767| .1764| .1761) .1757| 0] 1] 1] 1) 2 
5.7| .1754] .1751) .1748| .1745| .1742] .1739] .1736] .1733] .1730] .1727| 0] 1] 1) 11 2 
5.8) .1724| .1724) .1718] .1715| .1712} .1709] .1706| .1704) .1701| .1698] 0] 1] 1/ 1! 2 
5.9} .1695| .1692) .1689] .1686| . 1684} .1681| .1678) .1675) .1672| .1669| O| 1} 1] 1] 1 
6.0} .1667] .1664| .1661] .1658] .1656] .1653] .1650] .1647} .1645] .1642] 0) 1] 1) 1) 1 
6.1} .1639] .1637| .1634] .1631] .1629] .1626] .1623] .1621) .1618] .1616) 0) 1] 1] 1) 1 
6.2) .1613} .1610] .1608} .1605} .1603] .1600] .1597) .1595) .1592/} .1590/ 0} 1] 1] 1) 1 
6.3) .1587) .1585) .1582} .1580] .1577| .1575|) .1572) .1570| .1567|} .1565! O| O} 1] 1) 4 
6.4) .1563} .1560} .1558) .1555) .1553) .1550) .1548] .1546) .1543] .1541] 0} O} 1] 1/2 
6.5] .1538} .1536] .1534) .1531) .1529] .1527]} .1524| .1522) .1520 1517} 0] 0} 1) 1) 2 
Ore, .1515|- 1513) -1511 1508} .1506} .1504) .1502] .1499) .1497| .1495] 0) O} 1) 1) 2 
6.7} .1493] .1490] .1488] .1486] .1484] .1481] .1479] .1477| .1475| .1473] 0} O} 1] 1) 1 
6.8] .1471| .1468} .1466) .1464] .1462] .1460]} .1458] .1456]) .1453) .1451] 0} O} 1] 11 2 
6.9] .1449| .1447) .1445) .1443] .1441) .1439| .1437| .1435) .1433) .1431) 0} O} 1] 1] 2 
7.0) .1429| .1427|) .1425) .1422) .1420] .1418] .1416] .1414) .1412} .1410] 0! O} 1) 1| 4 
7.1; .1408) .1406} .1404] .1403) .1401} .1399| .1397] .1395) .1393) .1391] 0] O! 1) 1) 2 
7.2) .1389) .1387] .1385] .1383] .1381] .1379| .1377] .1376) .1374| .1372] 0] O} 1) 1) 2 
@-3| .1370) .1368] .1366) .1364) .13862) .1361) .1359) .1357) .1355) .1353) 0) 0} 1] 1) 1 
7.4| .1351| .1350) .1348] .1346] .1344] .1342) .1340] .1339] .1337] .1335] 0) O} 1) 1) 1 
7-0| .1333| .1832] .1330) .1328] .1326] .1325| .1323] .1321) .1319) .1318) 0) 0} 41] 1) 1 
7.6) .1316) .1314] .1312] .1311] .1309] .1307| .1305} .1304| .1302| .1300) 0} 0} 1) 1) 2 
7.7| .1299| .1297| .1295) .1294) .1292) .1290) .1289] .1287| .1285) .1284} 0} 0} 1) 1) 1 
Mesleelzo2|-. 1280), .1279) (21277) 31276) .1274| 1.1272) ©1271) .1269) .1267) 0) 0} OF 1-48 
doles l266)) 91264) .1263) .1261) 21259) 21258). . 1256) 1255). 12538) .1252) 0) O} 0} Tad 
8.0] .1250] .1248] .1247) .1245| .1244| .1242) .1241] .1239) .1238) .1236] 0} 0} O} 1) 2 
Spi t2co loss, 12382) 1230)" 1229). 1227) .1225) 11224) (1222) 1221! 0|"0|..0) Ld 
8.2} .1220) .1218) .1217) .1215)-.1214) .1212) .1211] .1209) .1208) .1206) 0} Oj O; 1) 1 
8.3) .1205] .1203} .1202] .1200) .1199} .1198] .1196] .1195) .1193) .1192/ 0} 0) O} 1) 2 
8.4} .1190] .1189} .1188] .1186] .1185) .1183} .1182) .1181) .1179) .1178) 0) 0} 0} 1) 2 
8.5} .1176| .1175| .1174) .1172] .1171)°.1170} .1168) .1167) .1166] .1164) 0} 0} 0} 1) 1 
8.6) .1163] .1161 TUGO e159 Aloe 2156) Ab To5) 1153-1152) eben 01 OO het 
8.7) .1149] .1148) .1147] .1145] .1144| .1143] .1142) .1140) .1139) .1138) 0) 0; O} 1) 1 
SrSie. 1136)" -1135, PLS4 jess od 1130) .1129 T1277)" 6126) 21125) 0)".0)"0) 18 
8.9] .1124) .1122) .1121) .1120) .1119] .1117) .1116) .1115) .1114/ .1112) 0} 0) 0} O} 1 
9.0} .1111] .1110] .1109] .1107} .1106] .1105} .1104] .1103) .1101} .1100) 0} 0} 0} Oj 1 
9.1} .1099] .1098] .1096} .1095} .1094} .1093] .1092} .1091} .1089} .1088} 0} 0} O; O] 1 
9.2) .1087| .1086] .1085] .1083] .1082] .1081] .1080] .1079) .1078] .1076] 0} Oj 0} O| 1 
9.3] .1075| .1074| .1073] .1072] .1071] .1070} .1068) .1067| .1066; .1065) 0) 0) 0) 0} 1 
9.4] .1064] .1063] .1062] .1060] .1059] .1058] .1057} .1056} .1055} .1054} 0} 0} 0; 0} 1 
9.5] .1053] .1052] .1050] .1049| .1048] .1047] .1046] .1045) .1044) .1043) 0} 0) 0} Oj 1 
9.6] .1042! .1041| .1040] .1038| .1037] .1036] .1035| .1034| .1033) .1032/ 0| 0| 0} 0 1 
9.7| .1031| .1030] .1029] .1028] .1027} .1026] .1025] .1024} .1022) .1021| 0} 0| 0/0) L 
9.8] .1020| .1019] .1018) .1017/ .1016) .1015) .1014/ .1013) .1012) .1011 0| 0} 0; O} 1 
9.9] .1010} .1009] .1008] .1007| .1006] .1005| .1004} .1003; .1002} .1001 0 0} 0} O} 1 
N 0 1 2 3 4 5 6 7 8 9 1)/2/)3/4/5 


pie 397o) AVELA A TIP VELA A ANALG 4 LAAN WSU. pte 


Table 6. Circles, circumferences and areas (diameters in hundredths) (see Art. 75) 


Cir- 


: : Cir- : Cir- . Cir- 
ane cum- | Area sa cum-! Area ea cum- | Area pate cum- | Area 
ference ference ference ference 
1.00 | 3.142] .7854|} 1.50 | 4.712] 1.767|| 2.00 | 6.283/3.142 2.50 | 7.854) 4.909 
1.01 | 3.173] .8012]| 1.51 | 4.744] 1.791)| 2.01 | 6.315/3.173 2.51 | 7.885} 4.948 
1.02 | 3.204] .8171)) 1.52 | 4.775) 1.815/| 2.02 | 6.34613.205 2.52 | 7.917) 4.988 
1.03 | 3.236] .8332|) 1.53 | 4.807] 1.839|| 2.03 | 6.377/3.237 2.53 | 7.948) 5.027 
1.04 | 3.267) .8495]| 1.54 | 4.838] 1.863]; 2.04 | 6.409/3.269 2.54 | 7.980! 5.067 
1.05 | 3.299] .8659/| 1.55 | 4.869] 1.887|| 2.05 | 6.440/3.301 2.55 | 8.011} 5.107 
1.06 | 3.330] .8825]| 1.56 | 4.901) 1.911]| 2.06 | 6.472/3.333 2.56 | 8.043} 5.147 
1.07 | 3.362] .8992]] 1.57 | 4.932] 1.936]| 2.07 | 6.503/3.365 2.57 | 8.074) 52187 _ 
1.08 | 3.393] .9161]| 1.58 | 4.964] 1.9G61]| 2.08 | 6.535/3.398 2.58 | 8.105) 5.228 
1.09 | 3.424! .9331]| 1.59 | 4.995} 1.986]| 2.09 | 6.566/3.431 2.59 | 8.137) 5.269 
1.10 } 3.456) .9503/} 1.60 | 5.027] 2.011]| 2.10 | 6.597/3.464 2.60 | 8.168) 5.309 
1.11 | 3.487| .9677|| 1.61 | 5.058] 2.036]| 2.11 | 6.629/3.497 2.61, |. 8.200) 5.350 
1.12 | 3.519} .9852]| 1.62 | 5.089] 2.061!| 2.12 | 6.660/3.530 2.62 |.8-231) 5.391 
1.13 | 3.550) 1.003]| 1.63 | 5.121) 2.087|| 2.13 | 6.692/3.563 2.63 |} 8.262) 52433) 
1.14 | 3.581] 1.021]) 1.64 | 5.152) 2.112]| 2.14 | 6.723/3.597 2.64 | 8.294) 5.474 
1.15 | 3.613] 1.039}) 1.65 | 5.184) 2.138]| 2.15.| 6.754/3.631 2.65 | 873825) Sabie 
1.16 | 3.644] 1.057|| 1.66 | 5.215) 2.164|| 2.16 | 6.786/3.664 2.66 | 8.357) 5.1G00 
1.17 | 3.676} 1.075]| 1.67 | 5.246] 2.190]| 2.17 | 6.817/3.698 2.67 | 8.388) 5.599 
1.18 | 3.707) 1.094]| 1.68 | 5.278] 2.217]| 2.18 | 6.849/3.733 2.68 | 8.419) 5.641 
1.19 | 3.738] 1.112]| 1.69 | 5.309} 2.243]; 2.19 | 6.880/3.767 2.69 | 8.451] 5.683 
1.20 | 3.770) 1.481))-1.70 | 5.341) 2.270]| 2.20 | 6.912/3. 801 2.70 | 8.482) 5.726 
1.21 | 3.801) 1.150|| 1.71 | 5.372) 2.297|| 2.21 | 6.943/3.836 2.71 | 8.514) 5.768 
1.22 | 3.833] 1.169|| 1.72 | 5.404) 2.324]] 2.22 | 6.974/3.871 2.72 | 8.545) 5.8114 
1.23 | 3.864) 1.188]) 1.73 | 5.435] 2.351]| 2.23 | 7.006|/3.906 2.73 | 8.570) 5. 85a 
1.24 | 3.896] 1.208]! 1.74 | 5.466) 2.378]| 2.24 | 7.037/3.941 2.74 | 8.608) 5.896 
1.25 | 3.927) 1.227)| 1.75 | 5.498) 2.405]| 2.25 | 7.069|3.976 2.75 | 8.639] 5.940 
1.26 | 3.958) 1.247|| 1.76 | 5.529] 2.433]| 2.26 | 7.100/4.012 2.76 | 8.671| 5.983 
1.27 | 3.990) 1.267]) 1.77 | 5.561) 2.461)) 2.27 | 7.131)4.047 2.7C-\ 8.702) 6.026 
1.28 | 4.021) 1.287]! 1.78 | 5.592) 2.488] 2.28 | 7.163)4.083 2.78 | 8.734) 6.070 
1.29 | 4.053] 1.307/| 1.79 | 5.623] 2.516]) 2.29 | 7.194/4.119 2.79 | 8.765) 6.114 
1.30 | 4.084] 1.327|| 1.80 | 5.655) 2.545)| 2.30 | 7.22614.155 2.80 | 8.796). 6.158 
1.31 | 4.115) 1.348]) 1.81 | 5.686] 2.573|| 2.31 | 7.257/4.191 2.81 | 8.828) 6.202 
1.32 | 4.147) 1.368]| 1.82 | 5.718] 2.602]| 2.32 | 7.288)4.227 2.82 | 8.859] 6.246 
1.33 | 4.178) 1.389]| 1.83 | 5.749] 2.630]| 2.33 | 7.320/4.264 2.83 | 8.891) 6.290 
1.34 | 4.210) 1.410}; 1.84 | 5.781) 2.659]| 2.34 | 7.351/4.301 2.84 | 8.922) 6.335 
1.35 | 4.241) 1.481]) 1.85 | 5.812} 2.688]| 2.35 | 7.383/4.337 2.85 | 8.954] 6.379 
1.36 | 4.273) 1.453)| 1.86 | 5.843] 2.717|| 2.36 | 7.41414.374 2.86 | 8.985) 6.424 
1.37 | 4.304) 1.474)| 1.87 | 5.875) 2.746]| 2.37 | 7.446]4.412 2.87 | 9.016) 6.469 
1.38 | 4.335} 1.496]| 1.88 | 5.906] 2.776]| 2.38 | 7.477|4.449 2.88 | 9.048) 6.514 
1.39 | 4.367) 1.517/) 1.89 | 5.938] 2.806]| 2.39 | 7.508/4.486 2.89 | 9.079] 6.560 
1.40 | 4.398) 1.539]| 1.90 | 5.969] 2.835]| 2.40 | 7.540/4.524 2.90 | 9.111} 6.605 
1.41 | 4.430) 1.561]} 1.91 | 6.000} 2.865]] 2.41 | 7.571/4.562 2.91 | 9.142) 6.651 
1.42 | 4.461) 1.584]| 1.92 | 6.032] 2.895|| 2.42 | 7.603/4.600 2.92 | 9.173] 6.697 
1.43 | 4.492) 1.606]} 1.93 | 6.063] 2.926]| 2.43 | 7.634/4.638 2.93 | 9.205] 6.743 
1.44 | 4.524) 1.629]; 1.94 | 6.095) 2.956]| 2.44 | 7.665/4.676 2.94.| 9.236) 6.789 
1.45 | 4.555) 1.651/| 1.95 | 6.126] 2.986] 2.45 | 7.697|4.714 2.95 | 9.268] 6.835 
Wh 1.46 | 4.587] 1.674|} 1.96 | 6.158) 3.017 2.46 | 7.728)4.753 2.96 | 9.299} 6.881 
Hi 1.47 | 4.618) 1.697} 1.97 | 6.189] 3.048]| 2.47 | 7.760]4.792 2.97 | 9.331) 6.928 
W 1.48 | 4.650] 1.720] 1.98 | 6.220) 3.079]| 2.48 | 7.791/4.831 2.98 | 9.362) 6.975 
| 1.49 | 4.681) 1.744/| 1.99 | 6.252) 3.110]) 2.49 | 7.823/4.870 2.99 | 9.393) 7.022 
i 


be 


Art. 75. CIRCLES 1459 
Table 6. Circles, circumferences and areas (diameters in hundredths) —Continued 
mats Care ere Cir «| Cir- ‘ | Cir- 
ag cum- | Area mote cum- | Area ee cum- | Area Dive cum- | Area 
ference ference ference ference 
3.00 | 9.425) 7.069]} 3.50 | 11.00} 9.621]| 4.00 | 12.57] 12.57]! 4.50 | 14.14] 15.90 
3.01 | 9.456) 7.116)/%3.51 | 11.03} 9.676]| 4.01 | 12.60] 12.631] 4.51 | 14.17 15.98 
3.02 | 9.488) 7.163]| 3.52 | 11.06] 9.731|| 4.02 | 12.63] 12.69]| 4.52 | 14.20] 16.05 
3.03 | 9.519} 7.211]| 3.53 | 11.09] 9.787]| 4.03 | 12.66] 12.76]| 4.53 | 14.23] 16.12 
3.04 | 9.550/—7-258]| 3.54 | 11.12) 9.842]| 4.04 | 12.69] 12.82]| 4.54 | 14.26] 16.19 
3.05 | 9.582} 7.306|| 3.55 | 11.15] 9.898]| 4.05 | 12.72) 12.88]] 4.55 | 14.29] 16.26 
2 3.06 | 9.613} 7.354] 3.56 | 11.18) 9.954]] 4.06 | 12.75) 12.95]) 4.56 | 14.33] 16.33 
i 3.07 | 9.645) 7.402/| 3.57 | 11.22) 10.01!] 4.07 | 12.79] 13.01]| 4.57 | 14.36] 16.40 
< 3.08 | 9.676} 7.451|| 3.58 | 11.25) 10.07] 4.08 | 12.82] 13.07]] 4.58 | 14.39] 16.47 
3.09 | 9.708} 7.499|| 3.59 | 11.28) 10.12/} 4.09 | 12.85] 13.14]] 4.59 | 14.42] 16.55 
3.10 | 9.739] 7.548]| 3.60 | 11.31] 10.18]| 4.10 | 12.88] 13.20]] 4.60 | 14.45] 16.62 
3.11 | 9.770) 7.596]] 3.61 | 11.34] 10.24]| 4.11 | 12.91] 13.27|| 4.61 | 14.48] 16.69 
3.12 | 9.802} 7.645/| 3.62 | 11.37) 10.29]] 4.12 | 12.94] 13.33]| 4.62 | 14.51] 16.76 
3.13 | 9.833] 7.694/| 3.63 | 11.40) 10.35]} 4.13 | 12.97) 13.40]| 4.63 | 14.55) 16.84 
3.14 | 9.865) 7.744|| 3.64 | 11.44] 10.41]| 4.14 | 18.01] 13.46]} 4.64 | 14.58] 16.91 
3.15 | 9.896) 7.793)| 3.65 | 11.47] 10.46]) 4.15 | 13.04) 18.53]; 4.65 | 14.61] 16.98 
3.16 | 9.927) 7.843]| 3.66 | 11.50] 10.52/| 4.16 | 18.07) 13.59]} 4.66 | 14.64] 17.06 
3.17 | 9.959] 7.892/| 3.67 | 11.53] 10.58]} 4.17 | 13.10) 13.66]| 4.67 | 14.67] 17.13 
3.18 | 9.990} 7.942/| 3.68 | 11.56) 10.64]} 4.18 | 18.13) 13.72]| 4.68 | 14.70] 17.20 
3.19 | 10.02) 7.992)) 3.69 | 11.59) 10.69]| 4.19 3.16) 13.79]| 4.69 | 14.73) 17.28 
3.20 | 10.05] 8.042/| 3.70 | 11.62] 10.75|| 4.20 | 13.19] 13.85]} 4.70 | 14.77) 17.35 
3.21 | 10.08] 8.093]} 3.71 | 11.66) 10.81]| 4.21 | 13.23) 18.92]] 4.71 | 14.80) 17.42 
3.22 | 10.12} 8.143]| 3.72 | 11.69] 10.87)]| 4.22 | 13.26) 13.99]| 4.72 | 14.83] 17.50 
3.23 | 10.15} 8.194/| 3.73 | 11.72) 10.93}| 4.23 | 13.29) 14.05]| 4:73 | 14.86] 17.57 
3.24 | 10.18} 8.245]| 3.74 | 11.75} 10:99]| 4.24 | 13.32) 14.12]| 4.74 | 14.89] 17.65 
3.25 | 10.21] 8.296]] 3.75 | 11.78) 11.04]} 4.25 | 18.35) 14.19]| 4.75 | 14.9%) 17.72 
3.26 | 10.24) 8.347]| 3.76 | 11.81] 11.10]| 4.26 | 13.38] 14.25]| 4.76 | 14.95] 17.80 
3.27 | 10.27) 8.398]| 3.77 | 11.84) 11.16)) 4.27 | 13.41] 14.32)| 4.77 | 14.99] 17.87 
» 38.28 | 10.80) 8.450]; 3.78 | 11-88] 11.22]} 4.28 | 13.45) 14.39]| 4.78 | 15.02] 17.95 
3.29 | 10.34] 8.501]| 3.79 | 11.91] 11.28)| 4.29 | 13.48} 14.45)| 4.79 | 15.05) 18.02 
3.30 | 10.37} 8.553/| 3.80 | 11.94] 11.34/} 4.30 | 13.51} 14.52]| 4.80 | 15.08) 18.10 
3.31 | 10.40; 8.605]; 3.81 | 11.97} 11.40}} 4.31 3.54) 14.59] 4.81 | 15.11] 18.17 
3.32 | 10.43] 8.657] 3.82 | 12.00] 11.46)]| 4.82 | 13.57) 14.66]| 4.82 | 15.14] 18.25 
3.33 | 10.46) 8.709]) 3.83 | 12.08) 11.52/| 4.83 | 18.60) 14.73]| 4.83 | 15.17; 18.32 
3.34 | 10.49} 8.762|| 3.84 | 12.06) 11.58]| 4.34 3.63} 14.79] 4.84 | 15.21] 18.40 
3.35 | 10.52] 8.814|| 3.85 | 12.10] 11.64)| 4.35 | 13.67) 14.86]| 4.85 | 15.24] 18.47 
3.36 | 10.56] 8.867|| 3.86 | 12.13] 11.70]| 4.36 | 13.70) 14.93]| 4.86 | 15.27) 18.55 
3.37 | 10.59] 8.920]| 3.87 | 12.16) 11.76)]| 4.37 | 13.73] 15.00]| 4.87 | 15.30] 18.63 
393s) | 10.62) §.973|| 3.88.) 12.19] 11.82)]) 4.38 | 13.76) 15.07)| 4.88 | 15.33) 18.70 
83.39 | 10.65] 9.026]] 3.89 | 12.22] 11.88]| 4.39 | 13.79] 15.14]| 4.89 | 15.36] 18.78 
3.40 | 10.68] 9.079]| 3.90 | 12.25] 11.95]| 4.40 | 13.82) 15.21|| 4.90 | 15.39] 18.86 
3.41 | 10.71] 9.133]/ 3.91 | 12.28] 12.01]| 4.41 | 13.85) 15.27]| 4.91 | 15.43} 18.93 
3.42 | 10.74] 9.186]| 3.92 | 12.32] 12.07]| 4.42 | 13.89] 15.34]| 4.92 | 15.46] 19.01 
3.43 | 10.78] 9.240]| 3.93 | 12.35] 12.13]| 4.43 | 13.92] 15.41]} 4.93 | 15.49] 19.09 
3.44 | 10.81] 9.294/] 3.94 | 12.38] 12.19|| 4.44 | 13.95) 15.48)| 4.94 | 15.52 19.17 
3.45 | 10.84] 9.348]] 3.95 | 12.41] 12.25|| 4.45 | 13.98) 15.55]] 4.95 | 15:55 19.24 
3.46 | 10.87] 9.402]| 3.96 | 12.44] 12.32]| 4.46 | 14.01] 15.62]] 4.96 | 15.58] 19.32 
3.47 | 10.90) 9.457/| 3.97 | 12.47] 12.38]| 4.47 | 14.04] 15.69] 4.97 | 15.61] 19.40 
3.48 | 10.93] 9.511|| 3.98 | 12.50] 12.44|| 4.48 | 14.07] 15.76]| 4.98 | 15.65) 19.48 
3.49 | 10.96] 9.566]| 3.99 | 12.53] 12.50/] 4.49 | 14.11] 15.83)| 4.99 | 15.68 19.56 
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Table 6. Circles, circumferences and areas (diameters in hundredths) —Continued 


: Cir- z Cir- : Cir- «| Cir- 
BUS cum- | Area ae cum- | Area age cum- | Area pee cum- | Area 
eter eter eter eter 

ference ference ference ference 

5.00 | 15.71} 19.63]| 5.50 | 17.28] 23.76]| 6.00 | 18.85) 28.27]| 6.50 | 20.42) 33.18 
5.01 | 15.74| 19.71)| 5.51 | 17.31) 23.84]/ 6.01 | 18.88] 28.37|| 6.51 | 20.45) 33.29 
5.02 | 15.77] 19.79|| 5.52 | 17.34] 23.93]| 6.02 | 18.91| 28.46|| 6.52 | 20.48) 33.39 
5.03 | 15.80} 19.87|] 5.53 | 17.37] 24.02]] 6.03 | 18.94) 28.56]| 6.53 | 20.51) 33.49 
5.04 | 15.83] 19.95]| 5.54 | 17.40] 24.11]| 6.04 | 18.98] 28.65]|} 6.54 | 20.55) 33.59 
5.05 | 15.87] 20.03]| 5.55 | 17.44] 24.19]| 6.05 | 19.01] 28.75]! 6.55 | 20.58) 33.70 
5.06 | 15.90] 20.11]} 5.56 | 17.47] 24.28]| 6.06 | 19.04] 28.84|| 6.56 | 20.61) 33.80 
5.07 | 15.93] 20.19]| 5.57 |.1%.50] 24.37]| 6.07 | 19.07) 28.94)| 6.57 | 20.64] 33.90 
5.08 | 15.96| 20.27|| 5.58 | 17.53] 24.45)]| 6.08 | 19.10) 29.03]| 6.58 | 20.67) 34.00 
5.09 | 15.99] 20.35]| 5.59 | 17.56] 24.54|| 6.09 | 19.13) 29.13]| 6.59 | 20.70 34.11 
5.10 | 16.02] 20.43]] 5.60 | 17.59} 24.63]/ 6.10 | 19.16) 29.22|| 6.60 | 20.73) 34.21 
5.11 | 16.05] 20.51|| 5.61 | 17.62] 24.72!) 6.11 | 19.20) 29.32]| 6.61 | 20.77) 34.32 
5.12 | 16.08] 20.59|| 5.62 | 17.66] 24.81|| 6.12 | 19.23) 29.42!) 6.62 | 20.80] 34.42 
5.13 | 16.12) 20.67]| 5.63 | 17.69] 24.89]| 6.13 | 19.26) 29.51)! 6.63 | 20.83] 34.52 
5.14 | 16.15] 20.75|| 5.64 | 17.72] 24.98|| 6.14 | 19.29) 29.61)| 6.64 | 20.86} 34.63 
5.15 | 16.18] 20.83]] 5.65 | 17.75] 25.07|| 6.15) 19.32] 29.711] 6.65 | 20.89] 34.73 
5.16 | 16.21} 20.91]| 5.66 | 17.78] 25.16!| 6.16 | 19.35] 29.80]} 6.66 | 20.92) 34.84 
5.17 | 16.24] 20.99]| 5.67 | 17.81) 25.25]| 6.17 | 19.38) 29.90/) 6.67 | 20.95) 34.94 
5.18 | 16.27] 21.07]| 5.68 | 17.84! 25.34|| 6.18 | 19.42] 30.00]] 6.68 | 20.99] 35.05 
5.19 | 16.30} 21.16)| 5.69 | 17.88] 25.43]| 6.19 | 19.45} 30.09]| 6.69 |. 21.02) 35.15 

20 | 16.34] 21.24/| 5.70 | 17.91] 25.52]| 6.20 | 19.48) 30.19)| 6.70 | 21.05) 35.26 

21) 16.37) 21.32)) 5.71 | 17.94) 25-61), 6.21 | 19-51) 80229) 6. 71 21. OS5s5r36 

22 | 16.40) 21.40|| 5.72 | 17.97| 25.70]| 6.22 | 19.54] 30.39)| 6.72 | 21.11) 35.47 

23 | 16.43) 21.48]| 5.73 | 18.00) 25.79|) 6.2 19.57) 30.48]| 6.73 | 21.14) 35.57 

24 | 16.46] 21.56|| 5.74 | 18.03] 25.88]] 6.24 | 19.60) 30.58]| 6.74 | 21.17) 35.68 
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CIRCLES 
Table 6. Circles, circumferences and areas (diameters in hundredths)—Continued 
Cir- oo al Cir= : Cir- F 
cum- | Area shea cum- | Area pe Gun le Diam- 
ference : ference ever |ference ee 
21.99, 38.48]| 7.50 | 23.56] 44.18|| 8.00 | 25.13] 50.27/| 8.50 
22.02) 38.59|| 7.51 | 23.59] 44.30]| 8.01 | 25.16] 50.39]| 8.51 
22.05) 38.70|| 7.52 | 23.62] 44.41]| 8.02 | 25.20] 50.52 8.52 
22.09) 38.82]| 7.53 | 23.66] 44.53]| 8.03 | 25.23] 50.64|| 8.53 
22.12)-38-93|| 7.54 | 23.69] 44.65]! 8.04 | 25.26] 50.77|| 8.54 
22.15) 39.04||_7.55 | 23.72) 44.77|| 8.05 | 25.29] 50.90|| 8.55 
22.18) 39.15|| 7.56 | 23.75] 44.89]| 8.06 | 25.32] 51.02]| 8.56 
22.21) 39.26|)| 7.57 | 23.78) 45.01]| 8.07 | 25.35] 51.15]| 8.57 
22.24) 39.37|| 7.58 | 23.81] 45.138]| 8.08 | 25.38] 51.28]|-8.58 
22.27) 39.48/| 7.59 | 23.84) 45.25] 8.09 | 25.42] 51.40]] 8.59 
22.31) 39.59]| 7.60 | 23.88] 45.36]| 8.10 | 25.45] 51.53]] 8.60: 
22.34) 39.70]| 7.61 | 23.91] 45.48/| 8.11 | 25.48] 51.66]] 8.61 
22.37! 39.82!| 7.62 | 23.94) 45.60]} 8.12 | 25.51] 51.78/| 8.62 
22.40} 39.93]| 7.63 | 23.97) 45.72]| 8.138 | 25.54] 51.91|| 8.63 
22.43) 40.04|| 7.64 | 24.00) 45.84]| 8.14 | 25.57) 52.04/| 8.64 
22.46) 40.15]] 7.65 | 24.03) 45.96]| 8.15 | 25.60) 52.17)| 8.65 
22.49) 40.26|| 7.66 | 24.06} 46.08]) 8.16 | 25.64] 52.30]| 8.66 
22.53} 40.38/| 7.67 | 24.10) 46.20]} 8.17 | 25.67| 52.42]! 8.67 
22.56} 40.49]| 7.68 | 24.13] 46.32]| 8.18 | 25.70] 52.55]| 8.68 
22.59] 40.60|) 7.69 | 24.16] 46.45]! 8.19 | 25.73] 52.68]| 8.69 
22.62) 40.72|]| 7.70 | 24.19} 46.57!) 8.20 | 25.76) 52.81\| 8.70 
22.65) 40.83]| 7.71 | 24.22) 46.69]| 8.21 | 25.79) 52.94]| 8.71 
22.68] 40.94|| 7.72 | 24.25) 46.81]| 8.22 | 25.82) 53.07]|| 8.72 
22.71) 41.06|| 7.73 | 24.28) 46.93)| 8723 | 25.86] 53.20]| 8.73 
22.75) 41.17|| 7.74 | 24.32] 47.05)| 8.24 | 25.89) 53.33]| 8.74 
22.78) 41.28)| 7.75 | 24.35) 47.17|| 8.25 |"25.92) 53.46]| 8-75 
22.81) 41.40]} 7.76 | 24.38) 47.29)| 8.26 | 25.95) 53.59); 8.76 
22.84) 41. 51\| 7.77 | 2441) 47,42)| 8527 | 25.98) 53..:72)| 8.77 
22.87| 41.62]| 7.78 | 24.44) 47.54)]| 8.28 | 26.01] 53.85/| 8.78 
22.90) 41.74|| 7.79 | 24.47] 47.66]] 8.29 | 26.04) 53.98]| 8.79 
22.93} 41.85]! 7.80 | 24.50) 47.78]| 8.30 | 26.08] 54.11)|| 8.80 
22.97} 41.97|| 7.81 | 24.54] 47.91)| 8.31 | 26.11) 54.24)| 8.81 
23.00] 42.08)| 7.82 | 24.57) 48.03]| 8.32 | 26.14] 54.37]|| 8.82 
23.03) 42.20] 7.83 | 24.60] 48.15)]] 8.33 | 26.17) 54.50)| 8.83 
23.06] 42.31|| 7.84 | 24.63] 48.28]| 8.34 | 26.20] 54.63]| 8.84 
23.09] 42.43]| 7.85 | 24.66) 48.40]] 8.35 | 26.23] 54.76)| 8.85 
23.12) 42.54]) 7.86 | 24.69] 48.52]| 8.36 | 26.26] 54.89]| 8.86 
23.15] 42.66]| 7.87 | 24.72| 48.65]| 8.37 | 26.30] 55.02|| 8.87 
23.18] 42.78]| 7.88 | 24.76) 48.77|| 8.38 | 26.33] 55.15]| 8.88 
23.22] 42.89]| 7.89 | 24.79) 48.89]| 8.39 | 26.36) 55.29|) 8.89 
23.25] 43.01|| 7.90 | 24.82] 49.02/| 8.40 | 26.39) 55.42)| 8.90 
23.28] 43.12)| 7.91 | 24.85) 49.14]| 8.41 | 26.42) 55.55)| 8.91 
93.31] 43.24|| 7.92 | 24.88] 49.27|| 8.42 | 26.45] 55.68]| 8.92 
23.34] 43.36]) 7.93 | 24.91] 49.39]| 8.43 | 26.48] 55.81]| 8.93 
23.37| 43.47|| 7.94 | 24.94] 49.51]| 8.44 | 26.52) 55.95}; 8.94 
23.40] 43.59]| 7.95 | 24.98] 49.64]| 8.45 | 26.55) 56.08]} 8.95 
23.44] 43.71|| 7.96 | 25.01) 49.76]] 8,46 | 26.58) 56.21); 8.96 
23.47| 43.83|| 7.97 | 25.04] 49.89]| 8.47 | 26.61] 56.35)| 8.97 
23.50] 43.94|| 7.98 | 25.07] 50.01|| 8.48 | 26.64) 56.48)} 8.98 
23.53] 44.06|| 7.99 | 25.10) 50.14|| 8.49 | 26.67] 56.61|| 8.99 
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Table 6. Circles, circumferences Table 7. Volumes 
and areas—Continued of spheres 

iam-| CH Diam-| C#- Diam-| Vol- || Diam-] Vol- || Diam-| Vol- 

eee cum- | Area ||’ eter | Cum | Area || otor ume eter | ume || eter | ume 
ference ference 

9.00 | 28.27/63.62|| 9.50 | 29.85|70.88)| 1.0 5236 6.0 | 113.1]| 11.0 | 696.9 
9.01 | 28.31/63.76|| 9.51 | 29.88/71.03]| 1.1 6969 6.2 118.8 12 AG 
9.02 | 28.34/63.90|| 9.52 | 29.91)71.18]| 1.2 9048 6-2-1248) VAs | 7356 
9.03 | 28.37|64.04}! 9.53 | 29.94/71.33)| 1.3 . 150 6.3 | 130.9]| 11.3.) 755.5 
9.04 | 28.40/64.18|; 9.54 | 29.97|71.48]| 1.4 .437 6.4 | 137 3i) TIee ion 
9.05 | 28.43/64.33)| 9.55 | 30,00\71.63]| 1.5 1.767 6.5 | 143.8]| 11.5 | 796.3 
9.06 | 28.46|64.47)| 9.56 | 30.03/71.78]|; 1.6 2.145 6.6: | L5OLSN), M6 ahi 
9.07 | 28.49|64.61|| 9.57 | 30.07|71.93]| 1.7 2.572 6.0 | LST ON) ELT S38n6 
9.08 | 28.53/64.75|| 9.58 | 30.10)72.08]| 1.8 3.054 6.8 | 164.6]} 11.8 | 860.3 
9.09 | 28.56/64.90]| 9.59 | 30.13/72.23]} 1.9 38.591 6.9 | 172.0]| 11.9 | 882.3 
9.10 | 28.59|65.04|) 9.60 | 30.16|72.38]| 2.0 4.189 7.0 | 179.6|| 12.0 | 904.8 
9.11 | 28.62/65-.18)| 9.61 | 30.19172.53)| 2.1 4.849 Ud | USTSAN A252 W92786 
9.12 |, 28.65/65.33]| 9.62 | 30.22/72.68|| 2.2 5.975 7.2 | 195.4]| 12.2 | 950.8 
9.13 | 28.68]65.47|| 9.63 | 30.25/72.84|} 2.3 6.371 7.3 | 203.7|| 12.3 | 974.3 
9.14 | 28.71|65.61|| 9.64 | 30.28)/72.99]| 2.4 |~ 7.238 7.4 | 212.2|| 12.4 | 998.3 
9.15 | 28.75|65.76|| 9.65 | 30.32/73.14|| 2.5 8.181 7.5 | 220.9]| 12.5 |1023 
9.16 | 28.78/65.90}| 9.66 | 30.35}73.29]| 2.6 9.203 7.6 | 229.8]| 12.6 |1047 
9.17 | 28.81|66.04|} 9.67 | 30.38]73.44|| 2.7 10.31 7.E | 239-01 12.7 LOTS: 
9.18 | 28.84/66.19]| 9.68 | 30.41]73.59]| 2.8 11.49 7.8 | 248.5|| 12.8 |1098 
9.19 | 28.87|66.33]| 9.69 | 30.44|73.75]| 2.9 PZ TALS 7.9 | 258.2]| 12.9 |1124 
9.20 | 28.90/66.48|| 9.70 | 30.47|73.90|| 3.0 14.14 8.0 | 268.1)/ 13.0 |1150 
9.21 | 28.93)66.62|| 9.71 | 30.50|74.05]| 3.1 15.60 Sak 2TSe oil oe e pa 
9.22 | 28.97|66.77|| 9.72 | 30.54/74.20]| 3.2 17216 8.2 | 288.7]] 13.2 1204 
9.23 | 29.00|66.91]| 9.73 | 30.57|74.36]| 3.3 18.82 8.3 | 299.4]| 13.3 |1232 
9.24 | 29.03/67.06|| 9.74 | 30.60/74.51|| 3.4 20.58 8.4 | 310.3)| 13.4 |1260 
9.25 | 29.06|67.20]| 9.75 | 30.63)74.66|| 3.5 22.45 8.5 | 321.6]| 13.5 |1288 
9.26 | 29.09|/67.35]| 9.76 | 30.66/74.82]| 3.6 24.43 8.6 | 333.0): 13.6" |L3h7 
9.27 | 29.12|67.49|| 9.77 | 30.69|74.97|| 3.7 26.52 8.7 | 344.8]| 18.7 |1346 
9.28 | 29.15)67.64)| 9.78 | 30.72)75.12]| 3.8 28.73 8.8 | 356.8]| 13.8 |1376 
9.29 | 29 19|67.78!| 9.79 | 30.76/75.28)]| 3.9 31.06 8.9} 369.1]} 13.9 |1406 
9.30 | 29.22)67.93]| 9.80 | 30.79]75.43]| 4.0 oo. 5k 9.0 | 381.7|| 14.0 |1437 
9.31 | 29.25)68.08)]| 9.81 | 30.82/75.58]| 4.1 36.09 9.1 | 394.6]| 14.1 |1468 
9.32 | 29.28/68.22|) 9.82 | 30.85175.74|| 4.2 38.79 9.2 | 407.7|| 14.2 |1499 
9.33 | 29.31/68.37]| 9.83 | 30.88/75.89]| 4.3 41.63 9.3) 421-/2]| 14.3 {153 
9.34 | 29.34/68.51]| 9.84 | 30.91/76.05]| 4.4 44.60 9.4 | 434.9)| 14.4 |1563 
9.35 | 29.37|68.66]| 9.85 | 30.94!76.20]| 4.5 47 71 9.5 | 448.9]| 14.5 |1596 
9.36 | 29.41/68.81]| 9.86 | 30.98/76.36]| 4.6 50.97 9.6 | 463.2)| 14.6 |1630 
9.37 | 29.44/68.96]| 9.87 | 31.01]76.51]| 4.7 54.36 9.7 | 477.9]] 14.7 |1663 
9.38 | 29.47/69.10]| 9.88 | 31.04/76.67]| 4.8 57.91 9.8 | 492.8) 14.8 |1697 
9.39 | 29.50/69.25/]| 9.89 | 31.07/76.82]| 4.9 61.60 9.9 | 508.0]| 14.9 |1732 
9.40 | 29.53/69.40]| 9.90 | 31.10/76.98]| 5.0 65.45 10.0 | 523.6)| 15.0 11767 
9.41 | 29.56)69.55)) 9.91 | 31.13/77.13]]) 5.1 69.46 10.1 | 539.5)| 15.1 11803 
9.42 | 29.59|69.69]) 9.92 | 31.16]77.29]| 5.2 73.62 10.2 | 555.6]| 15.2 |1839 
9.43 | 29.63/69.84!| 9.93 | 31.20)77.44!| 5.3 77.95 10.3 | 572.2)| 15.3 |1875 
9.44 | 29.66/69.99]| 9.94 | 31.23)77.60]| 5.4 82.45 10.4 | 589.0)| 15.4 j1912 
9.45 | 29.69/70.14/| 9.95 | 31.26/77.76]| 5.5 | 87.11 || 10.5 | 606.1/| 15.5 |1950 
9.46 | 29.72/70.29]| 9.96 | 31.29|77.911| 5.6 91.95 10.6 | 623.6]} 15.6 |1988 
9.47 | 29.75|70.44|| 9.97 | 31.32/78.07|| 5.7 96.97 10.7 | 641.4]| 15.7 |2026 
9.48 | 29.78/70.58]} 9.98 | 31.35/78.23!] 5.8 1102.2 10.8 | 659.6]| 15.8 !2065 
9-49 | 29.81/70.72ll 9.99 | 31-ssl7s.sall_5.9 1107.5 | 10.9 | 678.all 15:9 [2105 
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CIRCLES. SPHERES 1463 
Table 8. Circles, circumferences and areas (diameters in eighths) 
8 ba S| be e 

Be | 43 3 | a8 
5 3 zl 3 5} 3 a 25 a 
A 2 Se ie 2 8 an o 
‘) < RS) < Qs a 
18.85] 28.27 12 37.70}113.1]| 18 56.55/254.5 
19.24) 29.46 4%} 38.09}115.5 Y% | 56.94/258.0 
19.63} 30.68 Y | 38.48/117.9 VY | 57.33/261.6 
20.03] 31.92 3 | 38.88/120.3 3% | 57.73/265.2 
20.42) 33.18 | 39.27|122.7 % | 58.12/268.8 
20.81| 34.47 5% | 39.66/125.2 56 | 58.51|272.4 
PAWS ea ly seas} 34 | 40.06|127.7 34 | 58.90/276.1 
21.60| 37.12 1% | 40.45|130.2 % | 59.30/279.8 
21.99] 38.48 13 40.84|132.7/| 19 59. 69|283.5 
22.38) 39.87 ¥Y% | 41.23/135.3 Y% | 60.08/287.3 
22.78) 41.28 YY | 41.63/137.9 | 60.48/291.0 
23.17! 42.72 3% | 42.02/140.5 34 | 60.87|/294.8 
23.56) 44.18 % | 42.41/143.1 Y% | 61.26/298.6 
23.95) 45.66 5% | 42.80)145.8 5% | 61.65)302.5 
24.35) 47.17 34 | 43.20/148.5 34 | 62.05|306.4 
24.74) 48.71 % | 43.59)151.2 % | 62.441310.2 
Dal oore 14 43.98|153.9]| 20 62 .83/314.2 
25. 52|| 61.85 Y% | 44.37|156.7 Y% | 63.22/318.1 
25.92) 53.46 Ys | 44.77|159.5 Y%| 63.62/322.1 
2675) sD 00 3 | 45.16/162.3 3 | 64.01/326.1 
26.70) 56.75 % | 45.55/165.1 | 64.40/330.1 
27.10] 58.43 54 | 45.95)168.0 46 | 64.80/334.1 
27.49) 60.13 34 | 46.34/170.9 34 | 65.19/338.2 
27.88] 61.86 i% | 46.73/173.8 % | 65.58)342.3 
28.27| 63.62 15) 47.12|176.7]|| 21 65 .97|/346.4. 
28.67) 65.40 Ye | 47.52|179.7 Ys | 66.37/350.5 
29.06) 67.20 Y| 47.91/182.7 Y% | 66.76)354.7 
29.45) 69.03 3% | 48.30)185.7 3% | 67.15)358.8 
29.85) 70.88 Y% | 48.69]188.7 V4 | 67.54/363.1 
30.24| 72.76 54 | 49.09/191.7 54 | 67.941367.3 
30.63] 74.66 34 | 49.48)194.8 3% | 68.33/371.5 
31.02) 76.59 % | 49.87|197.9 1% | 68.72/375.8 
31.42) 78.54 16 50.27/201.3)| 22 69.12/380.1 
31.81] 80.52 4 | 50.66)204.2 ¥ | 69.51/384.5 
82.20) 82.52 VY | 51.05)207.4 Y%| 69.90/388.8 
32.59} 84.54 34 | 51.44/210.6 % | 70.29/393.2 
32.99) 86.59 Y% | 51.84/213.8 1% | 70.69)397.6 
33.38) 88.66 5g | 52.23/217.1 54 | 71.08/402.0 
33.77| 90.76 34 | 52.62/220.4 3% | 71.47/406.5 
34.16) 92.89 % | 53.01/223.7 1% | 71.86)411.0 
34.56] 95.03 17 53.41|227.0}| 23 72,.26|415.5 
34.95) 97.21 ¥% | 53.80/230.3 ¥Y% | 72.65/420.0 
35.34] 99.40 Yy | 54.19/233.7 Y% | 73.04/424.6 
35.74|101.6 3% | 54.59)237.1 3% | 73.43/429.1 
36.13}103.9 | 54.98)240.5 1% | 73.83/433.7 
36.52/)106.1 54 | 55.37/244.0 54 | 74.22/438.4 
36.91/108.4 34 | 55.76|247.4 34 | 74.61/443.0 
37.31/110.8 % | 56.16)250.9 1% | 75.01/447.7 
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MATHEMATICAL TABLES Sec. 24. 
Table 9. Circular segments (see Art. 75) 
Chord | Height | Area Central Height | Chord | Height | Area 
BR Chord’), 92. || ABS en ieee R  |Chord| #? 
degrees 

.0000 0175 0022 00000 46 0795 7815 .1017 .04176 
.0002 | .0349 | .0044 00000 47 .0829 7975 1040 04448 
.0003 0524 | .0066 00001 48 0865 .8135 1063 | ..04731 
0006 0698 | .0087 00003 49 .0900 8294 1086 05025 
.0010 | .0872 | .0109 00006 50 0937 8452 1108 .05331 
.0014 1047 | .0131 00010 51 0974 . 8610 1131 - 05649 
.0019 .1221 .0158 00015 52 -1012 8767 1154 .05978 
.0024 .1395 0175 00023 53 LOST: 8924 1177 06319 
.0031 1569 0196 00032 54 . 1090 . 9080 1200 . 06673 
.0038 1743 .0218 00044 55 .1130 .9235 1223 07039 
.0046 1917 | .0240 00059 56 aloha 9389 1247 07417 
0055 2091 . 0262 00076 57 .1212 9543 1270 . 07808 
.0064 2264 .0284 00097 53 . 1254 . 9696 1293 08212 
.0075 . 243 . 0306 00121 59 .1296 9848 .1316 . 08629 
.0086 | .2611 .0328 00149 60 .1340 | 1.0000 1340 09059 
.0097 | .2783 | .0350 00181 61 .13884 | 1.015 1363 .09502 
0110 | .2956 | .0372 00217 62 .1428 | 1.030 1387 .09958 
0123 3129 0394 00257 63 1474 | 1.045 1410 . 10428 
.0137 33801 0415 00302 64 1520 | 1.060 1434 10241 
-0152 | .3473 | .04387 00352 65 1566 | 1.075 1457 .11408 
.0167 3645 .0459 00408 66 .1613 | 1.089 1481 .11919 
.0184 .3816 0481 00468 67 .1661 | 1.104 1505 . 12443 
.0201 3987 .0503 005385 68 SL 7 Om eb nok! 1529 . 12982 
.0219 4158 | .0526 00607 69 SOS) ahs 1553 - 13535 
0237 .4329 0548 00686 70 .1808 | 1.147 1576 . 14102 
.0256 4499 0570 00771 71 1859; || 2.261 1601 . 14683 
0276 4669 0592 00862 72 1910") F765: 1625 . 15279 
.0297 4838 | .0614 00961 73 .1961 | 1.190 1649 . 15889 
.0319 . 5908 0636 01067 74 .2014 | 1.204 1673 16514 
0341 5176 0658 01180 és 2066 1-218 1697 17154 
0364 5345 .0680 01301 76 21207) 1 223 122 .17808 
. 0387 5513 .0703 01429 FACE 2074 | 10245 1746 18477 
.0412 5680 | .0725 01566 78 12229' 7 12259) eral . 19160 
.0437 5847 0747 01711 79 2284 | 1.272 1795 . 19859 
.0463 | .6014 | .0770 01864 80 2340 | 1.286 1820 . 20573 
. 0489 6180 | .0792 02027 81 .2396 | 1.299 1845 . 21301 
0517 6346 .0814 02198 82 22453) 1312 1869 . 22045 
0545 6511 0837 02378 83 25 LOE 1 e825 1894 . 22804 
. 0574 . 6676 .0859 02568 84 .2569 | 1.338 .1919 . 23578 
.0603 6840 | .0882 02767 85 ROG al mlineork 1944 . 24367 
.0633 | .7004 | .0904 02976 86 .2686 | 1.364 1970 1200 Ge 
0664 7167 0927 03195 87 .2746 | 1.377 1995 . 25990 
.0696 | .7330 | .0949 03425 88 .2807 | 1.389 2020 . 26825 
.0728 » 7492 .0972 03664 89 .2867 | 1.402 2046 . 27675 
0761 . 7654 .0995 03915 90 .2929 |-1.414 . 2071 . 28540 
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+ 
. Table 9. Circular segments—Continued 
ed Height | Chord | Height} Area Central | Height | Chord | Height| Areca 
angle in angle in es 
degrees Ht tg phere aS degrees % ft Chord oe 
91 .2991 | 1.427 2097 . 29420 136 6254 | 1.854 . 3373 . 83949 
92 .3053 | 1.439 . 2122 . 380316 137 .6335 | 1.861 . 3404 85455 
93 3116 | 1.451 2148 OL 226) 138 .6416 | 1.867 8436 86971 
94 3180 | 1.463 2174 -o21L62 139 6498 | 1.873 . 3469 88497 
95 .3244—| 1.475 | .2200 | .33093 140 6580 1.879 | .3501 . 90034 
96 3309 | 1.486 . 2226 384050 141 .6662 | 1.885 38534 .91580 
97 .38374 | 1.498 | .2252 | .35021 142 .6744 | 1.891 | .3566 -93135 
98 .3439 | 1.509 | .2279 | .36008 143 .6827 | 1.897 | .3599 . 94700 
99 .3506 | 1.521 | .2305 | .37009 144 .6910 | 1.902 | .3633 - 96274 
100 Moots | ieosZ |-.23682 | 2388026 145 6993 | 1.907 | .3666 .97858 
101 .3639 | 1.543 | .2358 | .39058 146 (076 | 1.9138: | .8700 99449 
102 3707 | 1.554 | .23885 | .40104 147 7160 | 1.918 | .3734 | 1.0105 
103 <orto | 1.565 | .2412°) (41166 148 .7244 | 1.923 | .38768 | 1.0266 
104 .38843 | 1.576 | .2439 | .42242 149 .7328 | 1.927 | .3802 | 1.0428 
105 .0912 | 1.587 | .2466 | .43333 150 7412 | 1.9382 | .38887 | 1.0590 
106 .38982 | 1.597 | .2493 | .44439 151 7496 | 1.936 | .3871 | 1.0753 
107 .4052 | 1.608 | .2520 |. .45560 152 7581 | 1.941 | .3906 | 1.0917 
108 4122 | 1.618 | .2548 | .46695 153 .7666 | 1.945 | .38942 | 1.1082 
109 4193 | 1.628 | .2575 | .47844 154 7750 | 1.949 | .8977 | 1.1247 
110 .4264 | 1.638 | .2603 | .49008 155 7836 | 1.953 | .4013 | 1.1413 
in ee 4336 | 1.648 . 2631 . 50187 156 27921 | 1.956 .4049 | 1.1580 
112 .4408 | 1.658 | .2659 | .51379 157 .8006 | 1.960 | .4085 | 1.1747 
113 -4481 | 1.668 . 2687 . 52586 158 8092 | 1.963 4122 | 1.1915 
114 4554 | 1.677 | .2715 | .53807 159 8178 | 1.967 | .4158 | 1.2084 
115 4627 | 1.687 | .2743 | .55041 160 .8264 | 1.970 | .4195 | 1.2253 
116 -4701 | 1.696 | .2772 | .56289 161 8350 | 1.973 | .4233 | 1.2422 
117 4775 |-1.705 | .2800 |-.57551 162 8436 | 1.975 | .4270 | 1.2592 
118 .4850 | 1.714 | .2829 | .58827 163 .8522 | 1.978 | .4308 | 1.2763 
119 4925 | 1.723 | .2858 | .60116 164 8608 | 1.981 | .4346 | 1.2934 
120 .5000 | 1.732 | .2887 | .61418 165 .8695 | 1.983 | .4885 | 1.3105 
121 .6076 | 1.741 | .2916 | .62734 166 .8781 | 1.985 | .4424 | 1.3277 
122 5152 | 1.749 | .2945 | .64063 167 .8868 | 1.987 | .4463 | 1.3449 
123 5228 | 1.758 | .2975 | .65404 168 8955 | 1.989 | .4502 | 1.3621 
124 5305 | 1.766 | .3004 | .66759 169 9042 | 1.991 .4542 | 1.3794 
125 5383 | 1.774 | .3034 | .68125 170 9128 | 1.992 | .4582 | 1.3967 
126 .5460 | 1.782 | .3064 | .69505 171 .9215 | 1.994 | .4622 | 1.4140 
127 5538 | 1.790 | .3094 | .70897 172 9302 | 1.995 | .4663 | 1.4314 
128 10616 |-1.798 | .3124 | .72301 173 .9390 | 1.996 | .4704 | 1.4488 
129 .0695 | 1.805 | .8155 | .73716 174 .9477 | 1.997 | .4745 | 1.4662 
130 .5774 | 1.813 3185 75114 175 9564 | 1.998 .4786 | 1.4836 
131 .6853 | 1.820 | .3216 | .76584 176 .9651 | 1.999 | .4828 | 1.5010 
132 5933 | 1.827 | .3247 | .78034 ULE 9738 | 1.999 | .4871 | 1.5184 
133 6013 | 1.834 | .3278 | .79497 178 .9825 | 2.000 | .4914 | 1.5359 
134 .6093 | 1.841 | .3309 | .80970 179 .9913 | 2.000 | .4957 | 1.5533 
1385 6173 | 1.848 | .38341 | .82454 180 1.000 2.000 | .5000 | 1.5708 
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Table 10. Degrees to radians 
Deg.| Rad. || Deg.| Rad. |] Deg.| Rad. || Deg.| Rad. || Deg.| Rad. || Deg.| Rad. 
1 0175}| 31 .5411}| 61 1.0647 91 | 1.5882]| 121 | 2.1118]| 151 | 2.6354 
2 .0349}| 32 .5585,| 62 1.0821 92 | 1.6057|| 122 | 2.1293]) 152 | 2.6529 
3 0524|| 33 .5760}| 63 1.0996 93 | 1.6232)| 123 | 2.1468) 153 | 2.6704 
4 .0698}| 34 .5934)| 64 pli e0) 94 | 1.6406|| 124 | 2.1642)| 154 | 2.6878 
5 -0873|| 35 .6109}| 65 1.1345 95 | 1.6581|| 125 | 2.1817|| 155 | 227063 
6 1047|| 36 .6283|| 66 1.1519 96 | 1.6755)! 126 |. 2. 1991\) 156 192.7227 
7 1229)) . 37 .6458]| 67 1.1694 97 | 1.6930|| 127 | 2.2166}| 157 | 2.7402 
8 1396|| 38 .6632)|| 68 1.1868 98 | 1.7104|]| 128 | 2.2340]| 158 |- 2.7576 
9 1571\; 39 -6807|| 69 1.2043 99 | 1.7279]|| 129 | 2.2515]| 159 | 2.7751 
10 1745|| 40 .6981|| 70 1.2217|| 100 | 1.7453)| 13 2.2689]| 160 | 2.7925 
11 .1920)} 41 ET LOOM: ak 1.2392)) 101 | 1.7628)] 138 2.2864)| 161 | 2.8100 
12 .2094|| 42 £3830]! 72 1.2566|| 102 | 1.7802)| 132 | 2.3038)) 162 | 2.8274 
13 .2269}| 43 -7505|| 73 1.2741|| 103 | 1.7977|| 133 | 2.3213]} 163 | 2.8449 
14 2443)| 44 .7679|| 74 1.2915|| 104 | 1.8151|| 134 | 2.3387]| 164 | 2.8623 
15 -2618]| 45 -7854\| 75 1.3090]| 105 | 1.8326]| 135 | 2.3562]) 165 | 2.8798 
16 .2793}| 46 .8029|} 76 1.3265|| 106 | 1.8500|} 136 | 2.3736]| 166 | 2.8972 
17 .2967|| 47 .8203|| 77 1.3439]| 107 | 1.8575|| 137 | 2.3911]| 167 | 2.9147 
18 3142/| 48 .8378]| 78 1.3614|| 108 | 1.8850]} 138 | 2.4086}; 168 | 2.9322 
19 .3316}} 49 .8552|| 79 1.3788]| 109 | 1.9024/| 139 | 2.4260)| 169 | 2.9496 
20 | .3491/| 50 | .8727|| 80 | 1.3963|] 110 |.1.9199|] 140 | 2.4435]! 170 | 2.9671 
21 3665]| 51 -8901}| 81 1.4137]| 111 | 1.9373}| 141 | 2.4609]| 171 | 2.9845 
22 .3840}} 52 .9076]} 82 1.4312}; 112 | 1.9548)| 142 | 2.4784!) 172 | 3.0020 
23 4014|| 53 .9250]} 83 1.4486]| 113 | 1.9722)) 143 | 2.4958)| 1738 | 3.0194 
24 4189|| 54 -9425)| 84 1.4661]| 114 | 1.9897|| 144 | 2.5133]| 174 | 3.0369 
25 4363]; 55 -9599}| 85 1.4835|| 115 | 2.0071]| 145 | 2.5307|| 175 | 3.0543 
26 4538)|| 56 .9774|| 86 1.5010]) 116 | 2.0246}| 146 | 2.5482]; 176 | 3.0718 
27 -4712)| 57 -9948)| 87 1.5184]} 117 | 2.0420)| 147 | 2.5656]| 177 | 3.0892 
28 -4887)| 58 1.0123}| 88 1.5359/} 118 | 2.0595}/,148 | 2.5831)| 178-| 3.1067 
29 .5061)} 59 1.0297)| 89 1.5533)}| 110 | 2.0769]} 149 | 2.6005/| 179 | 3.1241 
30 5236|| 60 1.0472]| 990 1.5708}| 120 | 2.0944];| 150 | 2.6180|| 180 | 3.1416 
Table 11. Minutes to radians 
Min. | Rad. || Min Rad. ||Min.| Rad. ||Min.| Rad. || Min Rad. || Min Rad. 
1 0003} 11 . 0032 21 0061 31 .0090 4] .0119 51 .0148 
2 0006;) 12 0035 22 .0064 32 .0093 42 .0122 52 .OLSE 
3 0009}| 13 0038 23 0067 33 . 0096 43 0125 53 0154 
4 0012]; 14 0041 24 .0070 34 .0099 44 0128 54 0157 
5 0015); 15 0044 25 .0073 35 .0102 45 0131 55 .0160 
6 0017 16 0047 26 .0076 36 0105 46 01384 56 0163 
Ud .0020]| 17 .0049 27 0079 37 -0108 47 -0137 57 0166 
8 0023}; 18 0052 28 0081 38 -O111 48 .0140 58 .0169 
9 0026}; 19 0055 29 ,0084 39 0113 49 0143 59 .0172 
10 .0029|| 20 0058 30 0087 40 .0116 50 0145 60 0175 
Table 12. Decimal parts of a degree to minutes 
Dele.) Di VES) 1D.) ME} D.| ME. | De) Men) Di Me} Ds) ME | Dab. | Da NEE Dale 
-O1/0.6].11} 6.6) .21)12.6).31)18.6}.41/24.6].51/30.6}.61/36.6).71/42.6).81/48.6] .91154.6 
-02|1.2).12) 7.2) .22113.2).32)/19 2) .42/25 2) .52/31.2) .62/37.2).72/43.2|.82/49.2| .92/55.2- 
-03}1.8).13) 7.8) .23)13.8).33)19.8).43)25. 8}. 53/31. 8] .63/37.8].73/43.8].83'49.8) .93/55.8 
.04/2.4).14) 8.4).24)14.4) .34/20.4) 44/26 4] .54/32.4|.64/38.4].74/44.4].84/50.4] .94156.4 
.05/3.0}.15} 9.0).25)15.0).35)21.0}.45/27.0}.55/33.0}.65/39.0].75/45.0].85151.0] .95157.0 
.06/3.6].16) 9.6).26)15.6] .36/21.6).46/27.6] .56/33.6] .66/39.6].76/45.6].86/51.6| .96157.6 
-07)4.2).17)10. 2] .27)16.2) .37|/22.2).47|28. 2] .57|34.2).67/40.2].77/46.2] .87152.2| .97158.2 
-08/4.8).18/10.3).28/16.8}.38)22.8).48)28.8] .58/34.8].68/40.8].78/46.8].88/52.8) .98158.8 
-09}5.4).19)11.4).29)17.4) .39]/23.4].49/29 4] .59/35.4].69/41.4].79]47.4|.89/53.4| .99/59.4 
. 10/6 .0).20/12.0].30)18.0} .40/24.0].50/30.0].60 36.0,.70/42.0].80/48.0].90/54.0/1.00/60.0 
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Table 13. Radians to degrees and minutes 


Rad- poe Rad- is Rad-| D°8- |) Raa. Des. || Rad Deer) Rad-.|). Dees 
‘ans ; : : an Ae 

oe rime || sy timing (ho mini |Pr"  ) hin. ee aia ae ee 
° ta ° / ° Ta ° 7 ° 7? ° ca 
.001) 0 3]|0.47 | 26 56|/1.02 | 58 27|/1.57 | 89 57\l2.12 | 121 28/1 2.67 | 152 59 
.002} 0 7|| .48 |27 30]| .03 |59 1/| .58] 90 32// .13/192 2l| (68 | 153 33 
.003} 0 10|| .49 |28 4/| .04 | 59 35]] .59| 91 6|| .14|122 37/| (69 | 154 8 
.004] 0 14{/0.50 | 28 39]|1.05 | 60 10//t.60 | 91 40/[2-15|123 111] 2.70 | 154 42 
.005] 0 17|/ .51 | 29 13/| .06 | 60 44|| .61| 92 15/1 .16 | 123 46|| .71 | 135 16 
- .006} 0 21|/ .52 | 29 48/| .07 |61 18|| .62| 92 49]| .17|124 20/| .72 | 155 51 
 .007/ 0 24|/ .53 | 30 22|| .08 |61 53/| .63| 93 24|| .18 | 124 S4ll (73 | 156 25 
.008] 0 28|| .54 |30 56/| .09 | 62 27|| .64| 93 58|| .19 | 125 29|| 74 | 156 59 
.009] 0 31]/0.55 | 31 3il{1.10)63 2\l1.65 | 94 32/l2.20]196 3l| 2.75 | 157 34 
0.01 | 0 34|/ .56|32 5]| 11] 63 36|| .66| 95 6|| 21/196 37|| .76 | 158 8 
02] 1 9] .57 | 32 40]] .12 | 64 10]| .67| 95 41\| .22|127 12|| [77 | 158 43 
03 | 1 43l] .58 | 33 14/] .13 ]64 45/1 68] 96 15|| .23|197 46|| .78 | 159 17 
> 04 | 2 18/| .59 | 33 48|| .14 | 65 19|| .69 | 96 Soll .24 | 128 21/1 (79 | 150 51 
0.05 | 2 52/l0.60 | 34 23//1.15 | 65 53ll1.70| 97 24/12.25 | 128 55|| 2.80 | 160 26 
06 | 3 26|! .61 | 34 57|| .16 | 66 28|| .71| 97 59|! .26|129 29/| .81.| 161 0 
07 | 4 1|| .62|35 31|| 17/67 2\| .72| 98 33|| .27]130 4] .82 | 161 34 
» .08| 4 35/1 .63 | 36 6l| .18 | 67 37l| .73| 99 7/| .281130 38] 183 | 162 9 
» .09| 5 9|/ .64 | 36 4oll .19 |68 11] .74| 99 42] 20) 131 12/| .84 | 162 43 
0.10] 5 44\lo.65 | 37 15/|1.20 |68 45]|1.75 | 100 16|/2.30 | 131 47|| 2.85 | 163 18 
‘11 | 6 18|| .66 | 37 49|| .21|69 20|! .76 | 100 50|| .31 | 132 21|| .86 | 163 52 
12 | 6 531] .67 | 38 23|| .22 | 69 54|| .77 | 101 25|| .32 | 132 56/| .87 | 164 26 
18 | 7 27/|| .68 | 38 58|| .23 70 28|| .78 | 101 59] .33|133 30]] .88 | 165 1 
'14| 8 il| .69|39 32|| .24]71 3/1 .79 | 102 34|| .34 1134 4|| .89 | 165 35 
0.15 | 8 36\l0.70 |} 40 6|/1.25 | 71 37|/1.80| 103 8|i2.35 | 134 39|| 2.90 | 166 9 
16 | 9 10|| .71 | 40 41]| .26 | 72 12/| .81 | 103 42|/ .36 | 135 isl] -.91 | 166 44 
17 | 9 44|| .72 | 41 15]| .27 | 72 46|| .82 | 104 17|| .37 | 138 47|| .92 | 167 18 
18 | 10 19|| .73 | 41 50|| 28/73 20|| .83 | 104 51/| .38|136 22/| .93 | 167 53 
19 | 10 53|| .74 | 42 24/| .29 | 73 55/| .84 | 105 25/| .39 | 136 56|| .94 | 168 27 
0.20 | 11 28\|0.75 | 42 58||1.30|74 29//1.85 | 106 oll2.40 | 137 31] 2.95 | 169 1 
21 |12 2\| .76 | 43 33|| 31/75 3i| .86|106 34|| 41/138 5/| .96 | 169 36 
22/12 36|| .77 | 44 7|| .32|75 38/| .87]107 9|| .42 138 39|/ .97 | 170 10 
23 | 13 11|| .78 | 44 41/| .33 76 12l .88]107 43|| .43|139 14/| .98 | 170 44 
24 |13 45|| .79 | 45 16|| .34|76 47|| .89 | 108 17|| .44| 139 48|| .99 | 171 19 
0.25 |14 i9|lo.80 | 45 50||1.35 | 77 21/|1.90 | 108 52||2.45 | 140 22|| 3.00 | 171 53 
26 | 14 54|| .81 | 46 25/| .36|77 55|| .91| 109 26|| 46/140 37/| .o1 | 172 28 
27 |15 28/| .82 | 46 59|| .37|78 30|| .92|110 ol] .47 | 141 31l| .02 | 173 2 
28/16 3/| .83 | 47 33|| .38]79 4|i.93|110 35|| .48]142 6|| .03 | 173 36 
29 | 16 37/| .84 148 8i| .39|79 38|| .94| 111 9]| .49 | 142 40|| .o4 | 174 11 
0.30 |17 11/l0.85 | 48 42\|1.40 | 80 13]/1.95 | 111 44|/2.50 | 143 14|| 3.05 | 174 45 
31 | 17 46|| .86 | 49 i6|| 41/80 47|| .96 | 112 1s|| 51/143 49|| .06 | 175 20 
32 | 18 20|| .87 | 49 51|| .42 | 81 22)| .97 | 112 52|| .52/144 23|| .07 | 175 54 
33 | 18 54|| .88 | 50 25|| .43 | 81 56|| .98./ 113 27|].53 | 144 57|| .08 | 176 28 
34 |19 29] .89 | 51 ol] .44/82 30|| .99 |114 1]| .54 | 145 32] .09 | 177 3 
0.35 | 20 31\l0.90 | 51 341.45 |83 5/l2.00 | 114 35|l2.55]146 Gi] 3.10 | 177 37 
36 |20 38|| .91 | 52 8|| 46/83 39|| .o1/115 10] .56 | 146 41// .11 | 178 11 
“37 | 21 12|| .92 | 52 43/| .47 | 84 13]| 02 |115 44/| .57 | 147 15]| .12 | 178 46 
-38 | 21 46|| .93 | 53 17|| .48|84 48|| .03 | 116 19]| 58/147 49]| .13. | 179 20 
“39 | 22 21|| .94 | 53 51|| .49 | 85 22/1 .04 | 116 53/| 59 |} 148 24]/ .14 | 179 55 
0.40 | 22 55/l0.95 | 54 26//1.50 | 85 57|12.05 | 117 27//2.60 | 148 58|/ 3.15 | 180 29 
41 | 23 29|| .96 | 55 0/| .51|86 31]| .06 | 118 2! .61 | 149 32|/ 3.1416) 180] 
42 \24 || .97 | 55 35/| 52/87 5} .07 | 118 36|| 62/150 7/| 6.2832] 360) 2x 
43 | 24 3g|| .98 | 56 9|| .53|87 40/| .08 | 119 11]| .63 | 150 41] 9.4248) 540) 3x 
44 |-25 13|| .99 | 56 43/| 54188 14|| .09 | 119 45] .64 | 151 16||12.5664) 720] 4x 
0.45 | 25 47\|1.00 | 57 18)|1.55 | 88 49/|2.10 | 120 19||2.65 | 151 50//15.7080| 900] 5x 
46 |26 21|| .01 | 57 52/| .56|89 23|| .11 | 120 54|/ .66 | 152 24|/18.8496) 1080] 6x 
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Table 14. Natural sines and cosines (see Art. 31) 


ee ee ee 


Sine Prop. parts 
Angle, 
degrees] 
0’ 10’ 20’ 30/ 40’ 50’ 60’ 10) 2 Saas 
1) 0.0000/0 .6029/0 .0058/0 :0087|0.0116/0.0145/0.0175 89 3) 6} 9] 12) 1S 
i 9 .0175/0.0204/0 .0233]0.0262/0.0291)/0.0320|0.0349 88 3] 6) 9) 12) ete 
2 0.0349|0.0378/0.0407|0.0436/0.0465)0 .0494)0 .0523 87 3} 6{ 9] 12) TS 
3 0.0523/0.0552/0.0581/0.0610/0.0640\0 .0669|0.0698 86 3| 6] =9] 12) 1S 
4 0.0698|0.0727|0.0756|0.0785/0.0814/0.0843)|0.0872 85 3] 6) 9) 12) 14 
5 0.0872|0.0901|0.09290.0958]0.0987|0.1016|0.1045 84 3) 6] 9) 12) 14 
6 0.1045/0.1074/0.1103/0.1132/0.1161}0.1190)0.1219 83 3; 6) 9] 12) 14 
7 0.1219]0.1248'0.1276/0.1305)0.1334/0.1363)0.1392 82 3) 6] 9) 12) dam 
8 0.1392|0.1421/0, 1449/0. 1478/0. 1507/0. 1536/0. 1564 81 3! 6! 9} 12) ee 
9 0.1564/0.1593/0. 1622/0. 1650|0. 1679/0. 1708/0.1736 80 3] 6) 9} 11} 14 
10 0.1736/0.1765|0.1794/0.1822/0. 1851/0. 1880/0.1908 79 £3) ao} (et) ey Ls fe 
il 0.1908/0.1937)0.1965|0.1994)0. 2022/0. 2051/0. 2079 78 3; 6) 9} 11] 14 
12 0. 2079/0. 2108)0. 2136/0. 2164/0. 2193)0. 2221/0. 2250 ie 3| 6) Q| 11) 14 
13 0. 2250)0. 2278/0. 2306|0. 2334/0. 2363/0 .2391)\0.2419 76 3; 6] 8] 11) 14 
14 0.2419/0. 2447/0, 2476/0. 2504/0. 2532/0. 2560/0. 2588 75 k 3| 6) 288 aes 
15 0. 2588/0. 2616/0.2644|0.2672|/0.2700)0 . 2728)0. 2756 74 3} 6) 8] 11) 14 
16 0.2756|0.2784|0.2812/0. 2840/0 .2868/0.2896|0. 2924 73 3] . 6) 8) Ly) ea 
17 0. 2924/0 .2952/0.2979/0.3007|0.3035\0.3062,0. 3090 72 3} 6| 8] 11) 14 
18 0.3090|0.3118/0.3145|0.3173|6.3201/0.3228)0.3256 “ial 3} Gl- (SiGe ice 
19 0.3256 |0.3283/0. 3311/0 .3338/0, 3365/0 .3393/0.3420 70 3| 5! 8). Deir 
20 0.3420/0.3448/0.3475|0.3502/0. 3529/0 .3557/|0. 3584 69 3} 5] 8} 11) 14 
22 0.3584|0.3611|0.3638)0.3665|0.3692'0.3719/0.3746 68 3) 5| 8) 11) 24 
22 0.3746|0.3773)0.3800/0.3827|0.3854/0.3881/0.3907 67 3| 5) -8) aie 
23 0.3907|0.3934/0.3961/0.3987|0.4014/0.4041/0. 4067 66 3}, Oy” 8) esas 
24 0.4067 |0.4094/0.4120/0.4147|0.4173\0.4200/0.4226 65 Shen Ol- 28) sae ete 
25 0.4226/0.4253/0.4279|0.4305/0.4331/0.4358|0.4384 64 3] 5) 2S), Tae 
26 0.4384/0.4410/0.4436)0.4462/0.4488/0.4514|0.4540 63 3| 5] -8) LOV te 
27 0.4540/0.4566/0.4592)0.4617|0.4543/0.4669|0.4695 62 3\. S| 8iPi0) ye 
28 0.4695|0.4720/0.4746|0.4772|0.4797|0.4823|0.4848 61 BI) Sh Bi kO te des 
29 G.4848/0.4874/0.4899|0.4924 0.4950\0.4975 0.5000 60 3 5), 8) a10) eS 
30 0.5000/0. 5025/0. 5050/0. 5075/0.5100|0.5125|0.5150 59 3} 5) 8} LO) ie 
31 0.5150/0.5175)0.5200|0.5225/0.5250/0.5275|0. 5299 58 2) S) 7] 10) a 
32 0.5299/0. 5324/0. 5348/0.5373/0. 5398/0, 5422/0.5446 57 2| 5) 97) Lop a2 
33 0.5446/0.5471/0. 5495/0. 5519/0. 5544/0. 5568)0.5592 56 2) 5) 27) LON 
34 0.5592/0.5616/0.5640)0. 5664/0. 5688/0.571210.5736 55 2) 5) 7) SO} ae 
35 0.5736|0.5760)0.5783|0.5807|0.5831/0.5854/0. 5878 54 2) 5| 7 9) ie 
36 0.5878/0.5901/0.5925|0.5948/0.5972/0.5995/0.6018 53 2) 5) 7) 9) 
37 0.6018|0.6041/0.6065/0.6088/0.6111/0.6134'0.6157 52 2) (5) Tl Slates 
38 0.6157|0.6180/0.6202/0.6225|0.6248]0.6271|0.6293 St 21S} Ti] 49) iene 
39 0.6293/0.6316/0.6338)0.6361/0.6383/0.6406/0.6428 50 2| 4) 7) 9) oe 
40 |0.6428/0.6450|0.6472/0.6494/0.6517|0.6539/0.6561 49 2). 4k 7] Sten 
41 0 .6561/0. 6583/0. 6604/0. 6626/0.6648/0.6670|0. 6691 48 2) 4) 7) 29) 308 
42 0.6691/0.6713/0.6734/0.6756|0.6777/0.6799|0.6820 47 "2) Al 16) Oya 
43 0 .6820/0 .6841/0.6862|0.6884/0.6905/0.692610.6947 46 a 2\ 4) Gio -Sieaee 
44 0.6947|0.6967|0.6988/0.7009|0.703010.7050/0.7071 45 2} 4) 6| 8] 10 
60’ 50’ 40’ 30’ 20/ 10’ (04 A Veh es su ae a 
Angle, 
: degrees 
Cosine 
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F Table 14. Natural sines and cosines—Continued 
oe Ns a 


Sine 
Waele, Prop. parts 
degrees 
0’ 10’ 20’ 30’ 40’ 50’ 60/ SMA ease Ree Nt iY? 
* ere 
45 0.7071)0.7092\0.7112|/0.7133/0.7153|0.7173|0.7193 44 Zed! 2 8/10 
46 0.7193|0.7214|0.7234|0.7254/0.7274|0.729410.7314 43 2| 4! 6] 8] 10 
47 0.7314/0.7333/0.7353|0.7373/0.7392/0.7412/0.7431 42 2| 4! 6] 8 10 
48 |0.7431/0.7451|0.7470\0.7490|0.7509|0.7528/0.7547 41 2) 4) 6] 8] 10 
49 0.7547|0.7566/0.7585/0.7604/0.7623|0.7642/0.7660 40 Zr" 56s Si, 9) 
50 0.7660|0.7679|0.7698/0.7716|0.7735|0.7753|0.7771 39 Die 7-4) Gentle a9) 
51 0.7771|0.7790/0.7808)/0.7826)0.7844/0.7862|0.7880 38 PA ees a ah a idlae C2) 
52  |0.7880/0.7898/0.7916|0.7934]0.7951/0.7969|0. 7986 37 2| 4). 5) 7 9 
53 = 10.7986)0. 8004/0. 8021]0.8039|0.8056/0. 8073/0. 8090 36 OAS esd fo) heen c(t) 
54 |0.8090/0.8107/0.8124/0.8141/0.8158/0.8175)0.8192 35 2s Slinvolonal) Ss 
55 = |10.8192]0. 8208)0. 8225/0. 8241/0. 8258/0. 8274]0.8290 34 PA TSE Sa 7G 2133 
56 0.8290/0. 8307/0 .8323/0.8339)/0.8355|0.8371|0.8387 33 2| 3) 5) 6) 8 
57 0.8387/0.8403/0.8418)0.8434/0.8450/0. 8465/0. 8480 32 Zl, Slots Ol = S 
58 0.8480/0.8496/0.8511/0.8526|0.8542/0.8557/0.8572 31 ZiseSheol = 'OleS 
59 0.8572/0. 8587/0. 8601/0.8616|0.8631/0.8646/0. 8660 30 GUS ois) ei he He ane 
60 0.8660|0. 8675/0 .8689|0.8704/0.8718)0.8732|0.8746 29 il) yi ARS ve 
61 0.8746]0.8760|0.8774|0.8788/0.8802/0.8816|0.8829 28 Ties | aed nO tee 
62 0.8829]0.8843)/0.8857|0.8870/0.8884/0.8897|0.8910 20 Lol ole 7, 
63 =|0.8910/0. 8923/0. 8936/0. 8949/0. 8962/0.8975/0.8988 26 aU SZ SS 5} 
64 |0.8988/0.9001/0.9013/0.9026|0.9038/0.9051/0.9063 2D. iY Sains Aah as) 
65 0.9063/0.9075/0.9088)0.9100/0.9112/0.9124/0.9135 24 SUP 2d 2B 9 (ECG) 
66 0.9135/0.9147/0.9159/0.9171]0.9182|/0.9194/0.9205 23 TPS Ie 3i ole -6 
67 0.9205/0.9216/0.9228/0.9239|0.9250/0.9261/0.9272 22 1) 32) 38] - 94 6 
68 |0.9272/0.9283/0.9293/0.9304/0.9315|0.9325/0.9336 21 AieetOthy glee rs 
69 0.9336/0.9346/0.9356|0.9367|0.9377/0.9387)/0.9397 20 Diesel) eid 
70 = |0.9397/0.9407/0.9417]0.9426/0.9436/0.9446/0.9455 19 TUE 8 63) base le as 
val 0.9455/0.9465/0.9474/0.9483]/0.9492/0.9502|/0.9511 18 Dp Rt) PS yA 
72 |0.9511/0.9520/0.9528/0.9537/|0.9546]0.9555/0.9563 Ne 152) PS Siew: 
73 0.9563/0.9572/0.9580/0.9588|0.9596/0.9605/0.9613 16 Jilat2| A 2a ie 
74 |0.9613/0.9621/0.9628/0.9636)0.9644/0.9652/0.9659 15 UE re) eye oy 
75  |0.9659|0.9667|0.9674|0.9681/0.9689)}0.9696)0.9703 14 aU Pat U2) ee aa 
76 0.9703/0.9710/0.9717/0.9724)0.9730|0.9737|0.9744 13 Pel Sis 
77 = |0.9744/0.9750/0.9757|0.9763/0.9769/0.9775)/0.9781 12 Teale lite ae 
78 |0.9781/0.9787|0.9793|0.9799/0.9805)0.9811/0.9816 11 St Nea Cals 83 
79 |0.9816/0.9822/0.9827|0.9833/0.9838)0.9843]0.9848 10 hile 2 pO ese PAle 02283 
80 |0.9848)/0.9853/0.9858/0.9863|0.9868|0.9872|0.9877 9 | tev hha) |e 
81 0.9877|0.9881/0.9886/0.9890|0.9894/0.9899|0.9903 8 Oye al agi ae 
82 |0.9903)0.9907|0.9911/0.9914/0.9918]/0.9922)0.9925 th (B= STS mab ene 
83 |0..9925|0.9929|0.9932/0.9936|/0.9939|0.9942/0.9945 6 Oty le a SS 
84 |0.9945/0.9948]0.9951/0.9954/0.9957/0.9959|0.9962 5 (0) [Bee ct Uitte ae tase F 
85 |0.9962/0.9964/0.9967|0.9969/0.9971/0.9974|0.9976 4 Ol Oe SY Sal 
86 0.9976|0.9978]/0.9980/0.9981|0.9983|0.9985]0.9986 3 (03) nit 0) ns Be Hf 
87 |0.9986/0.9988]0.9989|0.9990/0.9992/0.9993)0.9994 2 O00 Oe ahi: 
88 |0.999410.9995/0.9996|0.9997]0.9997 |0.9998)0.9998 1 OSS Ole 101 200 
89 0.9998/0.9999]/0.9999]1.0000/1.0000/1.0000}1 .0000 0 OO 02020 
60’ 50’ 40’ 30’ 20’ 10’ 0’ ee Fara Pe a bap 
Angle, 
degrees 
Cosine 


1470 


Angle, 
degrees 


MATHEMATICAL TABLES 


Table 15. Natural tangents and cotangents (see Art. 31) 


Tangent 
o | 10’ | 207 | 30° | 40” | 5or | 60’ 
0 .0000|0.0029|0 .0058/0.0087/0.0116/0.0145|0.0175 
0 .017510.0204/0 .0233/0.0262/0.0291|0.0320|0.0349 
0 .0349|0 .0378|0.0407|0.0437/0.0466|0.0495|0.0524 
0.0524/0 .0553/0.058210 .0612/0.0641|0.0670|0.0699 
0.0699|0.072910.0758|0.0787|0.0816|0.0846|0.0875 
0.0875/0.0904|0.0934'0.0963/0.099210. 102210. 1051 
0.10510. 1080/0. 1110/0. 1139/0. 1169|0. 1198|0. 1228 
0. 1228,0. 1257/0. 1287|0.1317|0.1346|0.1376|0. 1405 
0.1405|0. 1435|0.1465/0. 1495/0. 1524|0.1554)0. 1584 
0.1584/0.1614|0. 1644|0.1673/0.1703|0.1733|0.1763 
0.1763|0.1793|0. 1823/0. 1853/0. 1883|0.1914/0.1944 
0.1944/0. 197410. 2004/0. 2035/0.2065|0.2095|0.2126 
0.2126|0.2156|0.2186|0.2217|0.2247|0.2278/0 2309 
0. 2309|0. 2339/0. 2370/0.2401/0. 243210. 2462102493 
0.2493/0 252410. 2555/0.2586/0.2617|0.2648|0.2679 
0.2679|0 .271110.2742/0.2773/0.2805|0.2836|0.2867 
0.2867|0 .2899|0. 2931/0 .2962/0.2994|0. 3026/0. 3057 
0.3057\0 .3089|0 3121/0 .3153|0.3185|0.3217|0.3249 
0.3249/0.3281|0.3314/0 .3346/0.33780.3411|0.3443 
0.3443(0.3476|0 3508/0 .354110.3574\0. 36070. 3640 
0.3640|0.3673|0.3706|0.3739/0.3772/0.3805|0.3839 
0.383910 .387210.3906|0.3939/0.3973|0.4006|0.4040 
0.40400 .4074|0.4108/0.4142/0.4176/0.4210|0.4245 
0.4245/0.4279|0.4314/0.4348/0438310.441710.4452 
0.4452|0.4487|0.452210.4557|0 459210462810 .4663 
0.4663/0.4699|0.473410.4770|0.4806/0.484110.4877 
0.4877|0.4913|0.4950|0 4986/0. 502210 505910. 5095 
0.5095/0.5132|0.5169|0.5206|0.5243/0 528010. 5317 
0.5317/0.5354|0. 5392/0 .5430/0.5467/0. 5505/0 .5543 
0.5543/0.5581|0.5619|0 .565810.5696/0.573510.5774 
0. 5774/0. 581210. 585110. 5890/0 .593010.5969|0.6009 
0.6009|0 .6048/0..6088|0.6128|0 616810620810 6249 
0.6249|0.6289|0 .6330|0 .6371/0 6412/0 645310 6494 
0. 6494|0.6536|0 .6577|0.6619/0.6661|0.670310.6745 
0.6745|0.6787/0.6830|0.6873/0.6916|0.6959|0.7002 
0.7002/0.704610.7089/0.7133/0.7177/0.722110.7265 
0.7265|0.7310|0.7355|0.740010.7445|0.749010.7536 
0.7536|0.7581|0.7627|0.7673/0.7720|0.7766|0.7813 
0.7813/0.786010.7907/0.7954|0 8002/0. 8050/0.8098 
0.8098|0.814610.8195/0.8243|0.829210. 834210. 8391 
0.8391/0.844110.8491/0.8541/9.8591/0.8642/0.8693 
0.8693/0.8744|0.8796/0.8847/0 88990 .8952/0.9004 
0.90040 9057/0 .9110|0.9163/0.9217|0 .9271|0.9325 
0.9325/0.938010.9435/0.9490/0 954510 960110 .9657 
0.9657/0.9713|0.9770|0.9827|0 9884/0 994211 .0000 
60’ | 50’ | 40” | 30” | 20° | 10” | o” 
—- | degrees 
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Table 15. Natural tangents and cotangents—Continued 


Tangent Prop. parts 
Angle, 
degrees 
0’ 10’ 20’ 30’ 40/ 50’ 60’ TES ZS ake eee atx 
45 1.000} 1.006} 1.012} 1.018] 1.024] 1.030] 1.036 44 eet ete Oe ey 
46 1.036] 1.042} 1.048} 1.054] 1.060] 1.066] 1.072 43 Uh 1h SSeS Ss 
47 1.072) 1.079] 1.085) 1.091) 1.098] 1.104] 1.111 42 Wer hi) Sees 
48 Paar 1 24) Te 130i, 187) 1.144) 2-150 4] el ee aes es) 
49 1.150) 1.157) 1.164) .1.171) 1.178) 1.185) 1.192 40 eS clh ae? y west 33 
50 1.192} 1.199] 1.206) 1.213) 1.220] 1.228) 1.235 39 A TS 2 rd: 
51 12235) 12242) 1.250) 1,257) 1.265)" 1.272) 1.280 38 LY ek eat Sh ae 
52 1.280) 1.288) 1.295] 1.303) 1.311} 1.319) 1.327 ul Te PPAR G3 ah 
53 1.327] 1.335) 1.343) 1.351) 1.360) 1.368) 1.376 36 aT 622) eo] ea 
54 1.376] 1.385) 1.393) 1.402] 1.411) 4.419] 1.428 35 Te a SiS Zs 
55 1.428) 1.437] 1.446] 1.455) 1.464) 1.473] 1.483 34 CL eto s3) aca ae 
56 1.483) 1,492) 1.501) 1.511] 1.520) 1.530) 1.540 33 Li 2h Bh Al 
57 1.540] 1.550} 1.560} 1.570} 1.580) 1.590} 1.600 32 Ne al eee rail, ey, 
58 1.600} 1.611] 1.621) 1.632] 1.643] 1.653) 1.664 31 SUN Ps ea sy ie 355 
59 1.664) 1.675} 1.686} 1.698} 1.709} 1.720] 1.732 30 HL 2 S| eee: 
60 1.732] 1.744) 1.756} 1.767] 1.780] 1.792) 1.804 29 12d eka er 6 
61 1.804] 1.816} 1.829] 1.842) 1.855) 1.868) 1.881 28 1 SO A Be 6 
62 1.881] 1.894} 1.907} 1.921] 1.935) 1.949} 1.963 27 JU SS fee S aevail © arf 
63 1.963] 1.977} 1.991] 2.006] 2.020] 2.035} 2.050 26 3) |e Sir 
64 2.050} 2.066) 2.081) 2.097) 2.112) 2.128) 2.145 25 2\ 3) S| 6 8 
65 2.145) 2.161) 2.177] 2.194) 2.211) 2.229) 2.246 24 2| <8. -D) O71 8 
66 2.246) 2.264! 2.282) 2.300] 2.318) 2.337] 2.356 3 eye: | ag + tm hs 2) 
67 2.356] 2.375) 2.394) 2.414] 2.4384) 2.455) 2.475 22 2} 4) 6 8] 10 
68 2.475) 2.496) 2.517) 2.539] 2.560) 2.583] 2.605 21 2 41 6) 0" Ud 
69 2.605) 2.628] 2.651) 2.675) 2.699] 2.723) 2.747 20 Zi 45" oi LO ee 
70 2.747| 2.773) 2.798] 2.824) 2.850) 2.877) 2.904 19 S| <5) 8 11) 13 
A 2.904} 2.932) 2.960} 2.989) 3.018] 3.047} 3.078 18 3; 6] 9} 12] 14 
72 3.078] 3.108] 3.140) 3.172) 3.204) 3.237) 3.271 17 3} 6] 10} 13) 16 
73 8.271] 3.305] 3.340) 3.376] 3.412} 3.450) 3.487 16 4| 7} 11] 14) 18 
74 3.487} 3.526] 3.566] 3.606) 3.647) 3.689] 3.732 15 
75 3.732| 3.776| 3.821] 3.867) 3.914} 3.962) 4.011 14 a 
76 4.011] 4.061] 4.113] 4.165] 4.219) 4.275) 4.331 13 3 
lig 4.331] 4.390) 4.449] 4.511] 4.574] 4.638) 4.705 12 Ee 
78 4.705| 4.773) 4.843] 4.915) 4.989) 5.066} 5.145 a) 5 
79 5,145] 5,226) 5.309) 5.3896) 5.485) 5.576) 5.671 10 a 
4 
80 5.671] 5.769] 5.871] 5.976] 6.084) 6.197) 6.314 9 
81 6.314] 6.435] 6.561] 6.691] 6.827} 6.968) 7.115 8 
82 7.115) 7.269] 7.429) 7.596) 7.770) 7.953] 8.144 7 
83 8.144] 8.345} 8.556} 8.777] 9.010) 9.255) 9.514 6 
84 9.514) 9.788]10.08 |10.39 |10.71 }11.06 |11.43 5 es 
" Oras 
85 143 01.839 /12,25 12571 |03.20 |13.73 |14.30 4 = a8 
86 14.30 |14.92 |15.60 |16,35 |17.17 |18.07 |19.08 3 as 
87 19.08 |20.21 |21.47 |22.90 |24.54 |26.43 |28.64 2 A 
88 28.64 131.24 |34.37 |38.19 |42.96 /49.10 |57.29 1 
89 57.29 168.75 |85.94 |114.6 |171.9 |343.8 eg 0 
60’ 50’ 40’ 30’ i207 10’ 0’ DO OE BO AY | ist 
Angle, 
degrees 
Cotangent Prop. parts 


a 
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Table 16. Mantissas of common logarithms, base 10 (see Art. 4) 
—— = wa a a ee 
N 0 if 2 3 4 5 6 7 8 9 
100 | .0000 | .c004 | .0009 | .0013 | .0017 | .0022 | .0026 | .0030 | .0035 | .0039 
101 | .0043 .0048 | .0052 | .0056 | .0060 | .0065 | .0069 | .0073 | .0077 | .0082 
102 | .0086 | .0090 | .0095 | .0099 | .0103 | .0107 | .O111 0116 | .0120 | .0124 
103°].0128 |. O0183"|° 20137 | 50141 : .0145 | .0149 | .0154 0158 | .0162 0166 
1045 2Os7O | 0175.) .OL79) |= OL83: | SOLS7 5) FOL9TS 20295 0199 | .0204 | .0208 
105 |} .0212 .0216 | .0220 | .0224 -0228 | .0233 | .0237 0241 .0245 .0249 
106 | .0253 | .0257 | .0261 | .0265 | .0269 | .0273 | .0278 0282 | .0286 | .0290 
107 | .0294 | .0298 | .0302 | .0306 | .0310 | .0314 | .0318 | .0322 | .0326 | .0330 
108 | .0334 | .0338 | .0342 | .0346 | .0350 | .0354 | .0358 0362 | .0366 | .0370 
109 | .0374 | .0378 | .0382 , 2386 .0390 | .0394 | .0398 0402 | .0406 | .0410 
110 | .0414 | .0418 | .0422 | .0426 | .0430 | .0434 |] .0438 | .0441 .0445 | .0449 
egal: 0453 /0457 -0461 .0465 | .0469 0473 0477 0481 0484 .0488 
112 0492 .0496 | .0500 .0504 | .0508 | .0512 -0515 0519 0523 .0527 
113 | .0531 | .0535 | .0538 | .0542 | .0546 | .0550 | .0554 0558 | .0561 0565 
114 | .0569 | .0573 | .0577 | .0580 | .0584 | .0588 | .0592 0596 | .0599 | .0603 
115 .0607 | .0611 -0615 .0618 | .0622 .0626 | .0630 0633.| .0637 0641 
116 | .0645 | .0648 | .0652 | .0656 | .0660 | .0663 | .0667 | .0671 | .0674 | .0678 
117 | .0682 | .0686 | .0689 | .0693 | .0697 | .0700 | .0704 | .0708 OF dA) SOUS 
LAS). 20719: | .0722'| -.0726 | 10730: | .0734 | .O737 | J074E .0745 | .0748 | .0752 
LLG 0255: |) 0759) | -LO%639 > 20766 [PLOGIO) VOT 74 | Ovid One: .0785 | .0788 
120 0792 0795 0799 | .0803 0806 0810 0813 | .0817 | .0821 | .0824 
121 0828 0831 0835 | .0839 0842 0846 0849 | .0853 | .0856 | .0860 
122 0864 0867 O871 0874 0878 0ssl 0885 0888 0892 0896 
123 0899 0903 0906 | .0910 0913 0917 0920 | .0924 | .0927 | .0931 
124 0934 0938 0941 | .0945 0948 0952 0955 | .0959 | .0962 | .0966 
125 0969 0973 0976 | .0980 0983 0986 0990 | .0993 | .0997 | .1000 
126 1004 1007 1011 1014 1017 1021 1024 1028 | .1031 .1035 
127 1038 1041 1045 | .1048 1052 1055 1059 1062 .1065 | .1069 
128 1072 1075 1079 | .1082 1086 1089 1092 1096 | .1099 | .1103 
129 1106 1109 L135— SAG 1119 1123 1126 1129 -L133 | .21'86 
130 1139 1143 1146 | .1149 1153 1156 | .1159 1163 -1166 | .1169 
131 1173 1176 1179 71183 1186 1189 1193 1196 1199 . 1202 
132 1206 1209 1212 .1216 1219 1222 1225 1229 - 1232 .1235 
133 1239 1242 1245 .1248 1252 1255 1258 .1261 1265 .1268 
134 1271 1274 1278 | .1281 1284 1287 1290 1294 | .1297 | .1300 
135 1303 1307 F310 1. <T31s 1316 1319 1323 1326 | .1329 -1332 
136 1335 1339 1342 | .1345 1348 1351 1355 1358_] .1361 . 1364 
137 1367 1370 1374 | .1377 1380 1383 1386 1389 | .1392 . 1396 
138 1399 1402 1405 .1408 1411 1414 1418 2421 1424 . 1427 
139 1430 1433 1436 | .1440 1443 1446 1449 | .1452 | .1455 |] .1458 
140 1461 1464 1467 | .1471 1474 1477 1480 | .1483 | 1486 | .1489 
141 1492 1495 1498 | .1501 1564 1508 1511 1514 LST th 3520: 
142 1523 1526 1529 noo 1535 1538 1541 1544 3 134 7 4 1580 
143 1553 1556 1559 . 1562 1565 1569 1572 £575} .1578 | .158i 
144 1584 1587 1590 | .1593 1596 1599 1602 1605 | .1608 | .1611 
145 1614 1617 1620 | .1623 1626 1629 1632 1635 | .1638 | .1641 
146 1644 1647 1649 - 1652 1655 1658 1661 1664 | .1667 | .1670 
147 1673 1676 1679 | .1682 1685 1688 1691 1694 | .1697 
148 1703 1706 LOSE We eee: 1714 a lea lg 1720 1723 | .1726 og 
149 1732 1735 173 1741 1744 1746 1749 L7525|) SATSS 1) 20768 
150 1761 1764 1767 | .1770 1772 1775 1778 1781 | .1784 | .1787 
N 0 1 2 3 4 5 6 7 8 9 


———reueeEeEeEeEeEoeeeeeeeee ee ee eee 


i 
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Table 16. Mantissas of common logarithms, base 10—Continued 

N 0 1 2 3 4 5 6 if 8 9 
P5001 U7 G6E 1764 ON itt SOU re Urey Otte a ar dr bss ITTS VOAT81 .1784 1787 
151 1790 1793 .1796 COS ie LOOL -1804 1807 -1810 -1813 .1816 
152 1818 .1821 . 1824 . 1827 . 1830 - 1833 1836 - 1838 1841 1844 
153"%| . 1847 1850) We elSosz|" L855 1 1858] = 1861 1864 | .1867 | .1870 1872 
154 1875 1878 | .1881 .1884 | .1886 | .1889 1892 | .1895 | .1898 1901 
455 1903 1906 .1909 1912 -1915 -1917 1920 -1923 1926 1928 
156 1931 1934 | .1937 | .1940 | .1942 | .1945 1948 | .1951 | .1953 1956 
157 1959 1962 } .1965 | .1967 | .1970 | .1973 1976 | .1978 | .1981 1984 
158 .1987 1989 .1992 .1995 .1998 - 2000 2003 - 2006 . 2009 -2011 
159 2014 2017 .2019 . 2022 . 2025 .2028 2030 . 2033 . 2036 2038 
160 |} .2041 .2044 | .2047 | .2049 | .2052 |} .2055 | .2057 | .2060 | .2063 . 2066 
161 . 2068 2071 .2074 . 2076 2079 2082 2084 . 2087 . 2090 . 2092 
162 2095 . 2098 -2101 2103 2106 2109 2111 .2114 A plaly¢ 2119 
163 2122 2125.) .2127 .2130 2133 2135 213 .2140 .2143 2146 
164 2148 2151 .2154 .2156 2159 2162 2164 - 2167 .2170 2172 
165 2175 OA Wear f 2180 2183 2185 2188 2191 -2193 .2196 .2198 
166 -2201 2204 . 2206 . 2209 .2212 2214 2217 2219 2222 .2225 
167 2227 2230 . 2232 2235 . 2238 2240 2243 2245 . 2248 apes 
168 2253 . 2256 .2258 . 2261 2263 2266 2269 | .2271 2274 2276 
169 2279 . 2281 2284 . 2287 2289 2292 2294 .2297 . 2299 . 2302 
170 2304 2307 .2310 . 2312 2015 -2old 2320 2322 2325 2327 
eval Zso0l|2ooS| .2o00n| .2d08 | 22840 | ..2343 2345 | .2348 | .2350 2353 
172 2355 2358 | .2360 | .2363 2365 2368 ZalOnl esto) e2aLo 2378 
173 2380- 2383 . 2385 . 2388 2390 2393 2395 - 2398 2400 . 2403 
174 2405 . 2408 2410 . 2413 2415 2418 2420 2423 2425 2428 
175 . 2430 . 2433 2435 . 2438 2440 2443 2445 . 2448 2450 2453 
176 2455 2458 2460 . 2463 . 2465 2467 . 2470 .2472 2475 2477 
ieee 2480 | .2482 | .2485 | .2487 | .2490 2492 2494 | .2497 | .2499 . 2502 
178 2504 2507 2509 2512 2514 2516 2519 By Asya 2524 2526 
179 2529 2531 2533 2536 2538 2541 2543 2545 2548 2550 
180 | .2553 "25550 || 22558 2560 | .2562 2565 2567 | .2570 2572 2574 
181 2577 2579 2582 2584 2586 2589 2591 2594 2596 2598 
182 . 2601 2603 . 2605 . 2608 . 2610 2613 2615 -2617 2620 - 2622 
183 2625 | .2627 | .2629 | .2632 2634 2636 2639 | .2641 2643 . 2646 
184 2648 | .2651 2653 2655 | .2658 2660 2662 | .2665 2667 | .2669 
185 . 2672 2674 . 2676 2679 - 2681 2683 2686 . 2688 2690 2693 
186 | .2695 2697 2700 2702 |} .2704 2707 2709 |} .2711 .2714 2716 
UST 201s. | 2721 2023) | .2725 2728 2730 2732") 2735 2737 . 2739 
188 .2742 2744 2746 2749 2751 .2753 2755 .2758 2760 . 2762 
189 . 2765 2767 | .2769 | .2772 | .2774 2776 2778 | .2781 2783.) .2785 
190 2788 | .2790 | .2792 | .2794 2797 | .2799 . 2801 . 2804 2806 2808 
191 | .2810 | .2813 ESL OM te eeOle I aeeLo 2822 2824 | .2826 2828 . 2831 
192 . 2833 2835 . 2838 . 2840 2842 . 2844 2847 . 2849 2851 . 2853 
193 | .2856 | .2858 | .2860 | .2862 | .2865 .2867 | .2869 | .2871 2874 . 2876 
94 2878 | .2880 | .2882 | .2885 2887 2889 | .2891 . 2894 . 2896 . 2898 
eG .2900 - 2903 2905 2907 2909 2911 2914 .2916 29138 2920 
196 | .2923 | .2925 2927 2929 | .2931 2934 2936 | .2938 2940 2942 
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Table 16. Mantissas of common logarithms, base 10—Continued 


Ola AQ 2AQ! Q/!/ NNN NNN NNO !| oO] wawmm won OOO 


Prop. parts 
4 5 6 7 8 9 

No. 0 i 2 3 5 13 34 Be Or eee 
20 | 3010|.3032).3054|. 3075). 3096]. 3118). 3139). 3160 3181|.320112 4 68 11 13/15 17 19 
21 |. 3222). 3243). 3263). 3284|.3304|.3324|. 3345). 3365 3385|.34042 4 6/8 10 12/14 16 18 
92 |, 3424]. 3444). 3464). 3483). 3502). 3522). 3541). 3560 3579|.359812 4 68 10 12/14 15 17 
93 |. 3617]. 3636]. 3655|. 3674). 3692|. 3711). 3729|.3747)|.3766 3784/2 4 6I7 9 11/13 15 17 
24 |.3802).3820!. 3838}. 3856]. 3874! .3892).3909). 3927). 3945 39622 4 5/7 9 11)12 14 16 
25 |.3979|.3997|.4014,.4031|.4048|.4065).4082).4099 4116).4133/2 3 517 9 10/12 14 15 
26 |.4150|.4166).4183].4200!.4216).4232).4249).4265 4281|.429812 3 57 8 10/11 13 15 
27 |.4314).4330 4346|.4362|.4378|.4393].4409|.4425|.4440|.4456/2 3 516 8 9/11 13 14 
98 |.4472|.4487).4502). 4518) .4533|.4548) .4564|.4579|.4594). 4609/2 8 56 8S 911 12 i4 
29 |.4624|.4639!.4654). 4669]. 4683]. 4698]. 4713).4728).4742 47571 ‘3 416. 7 «9140 12713 
30 |.4771 4786|.4800|. 4814]. 4829|.4843].4857).4871|.4886].4900/1 3 416 7 9/10 11 23 
31 |.4914|. 4928). 4942). 4955). 4969). 4983). 4997|. 5011). 5024). 5038)1 . 38 446 7 810 11 12 
392 |.5051|.5065|. 5079). 5092). 5105). 5119). 5132).5145).5159).5172)1 3 45 7 8) 9 ITT 12, 
33 |. 5185|.5198|.5211|. 5224). 5237|.5250|. 5263|.5276|.5289|.5302)1 8 4/5 6 8| 9 10 12 
34 |.5315|.5328|.5340]. 5353]. 5366). 5378|.5391|.5403).5416).54281 3 4/5 6 38/9 10 11 
35 |.5441/.5453|.5465|.5478|.5490|.5502).5514.5527|.5539).55511 2 4/5 6 7| 9 10 11 
3 5563),5575|. 5587). 5599). 5611). 5623). 5635|.5647|.5658).5670\1 2 415 6 4) 3 40,40 
387 |.5682].5694|.5705|.5717|.5729|. 5740). 5752).5763).5775|.57861 2 3/5 6 Veprek ahs 1G) 
38 |.5798). 5809). 5821]. 5832). 5843). 5855). 5866). 5877|.5888|.58991 2 35 6 7/8 9 10 
39 |.5911). 5922). 5933). 5944). 5955|.5966).5977|.5988|.5999|.60101 2 34 5 718 9 10 
40 |.6021]. 6031). 6042). 6053). 6064]. 6075]. 6085|.6096).6107|.61171 2 34 5 6) 8 9 10 
41 |.6128}.6138|.6149|.6160).6170).6180].6191|.6201|.6212).6222)1 2 3/44 5 6) 7 8 
42, |. 6232). 6243). 6253). 6263]. 6274|.6284).6294|.6304|.6314 63251 2 23/4 25 6h tS 
43 |.6335|. 6345]. 6355]. 6365|. 6375}. 6385]. 6395). 6405}.6415).64251 2 34 5 6/7 8 
44 |.6435|.6444|. 6454). 6464|. 6474]. 6484!. 6493]. 6503).6513).6522)1 2 3144 5 6|7 8 
45 |.6532|.6542).6551|.6561|.6571|. 6580]. 6590). 6599).6609|.6618|1 2 314 5 6) 7 8 
46 |.6628).6637). 6646). 6656]. 6665]. 6675). 6684). 6693).6702).67121 2 3/4 5 6/7 7 
47 |.6721|.6730)|.6739].6749|.6758|.6767|.6776).6785|.6794).6803)1 2 34 5 5/6 7 
48 |.6812|.6821).6830). 6839]. 6848|.6857|. 6866]. 6875).6884|.6893)1 2 3/4 4 5|/6 7 
49 |,6902|.6911). 6920). 6928). 6937). 6946]. 6955).6964|.6972}.6981/1 2 3/4 4 5) 6 7 
50 |.6990|. 6998). 7007). 7016]. 7024]. 7033]. 7042).7050|.7059).7067\1 2 3/33 4 5) 6 7 
51 |.7076!.'7084|.7093].7101|. 7110]. 7118). 7126).7135).71438].71521- 2 3133 4 5|6 7 
52 |.'7160|.7168].7177|. 7185}. 7193). 7202). 7210). 7218).7226|.7235)1 2 2138 4 516 7 
53 |.7243).7251|.7259|. 7267|. 7275). 7284) .7292).7300|.7308|.7316/1 2 2/3 4 5) 6 6 
54 |.7324|.7332!.7340|. 7348). 7356). 7364|.7372).7380|.7388|.73961 2 2:33 4 516 6 
55 |.'7404|.7412|.7419]. 7427). 7435). 7443). 7451|. 7459|.7466|.747411 2 213 4 5/5 6 
56 |. 7482]. 7490]. 7497]. 7505). 7513). 7520). 7528).7536).7543).7551)1 2 2138 4 515 6 
57 |.7559|.7566|.7574|. 7582) .'7589|.7597|.'7604|.7612|.7619|.7627|1 2 2138 4 5/5 6 
58 |.7634|.7642|.7649|.7657|.7664|.7672|.7679|.7686|.7694|.770111 1 218 4 415 6 
59 |.7709). 7716]. 7723). 7731|.7738|.7745).7752).7760|.7767|.777411. 1 2/8 4 4|/5 6 
60 |.7782). 7789). 7796). 7803). 7810}. 7818). 7825]. 7832).7839!.7846]1 1 2/138 4 4) 5 6 
61 |. 7853). 7860). 7868) .'7875|.7882!.7889|.7896|.7903|}.7910|.7917|11 1 2/33 4 415 6 
62 |.7924|.7931|. 7938). 7945). 7952|.7959|.7966).7973|.7980|.7987|11 1 2133 3 415 6 
63 |.7993].8000).8007).8014).8021).8028).8035).8041]}.8048).8055)1 1 2/3 3 415 5 
64 |.8062).8069|.8075). 8082). 8089). 8096).8102).8109}.8116}.8122)1 1 23 3 41/5 5 
65 |.8129|.8136).8142). 8149]. 8156). 8162).8169).8176|.8182).81891 1 213 3 415 5 
66 |.8195).8202).8209).8215|. 8222). 8228) .8235|.8241).8248}.82541 1 2/33 3 4/5 5 
67 |.8261).8267).8274|.8280)|.8287|.8293|.8299).8306).8312}.8319]1 1 2/3 3 4/5 5 
68 |.8325).8331).8338).8344|.8351).8357|.8363].8370|.8376].8382)1 1 2/8 3 4/4 5 
69 |.8388).8395).8401).8407|. 8414). 8420). 8426). 8432).8439).8445/1 1 2/338 3 4/4 5 
70 |.8451).8457).8463).8470|.8476).8482|.8488).8494).8500).8506/1 1 22 3 4/4 5 

No 0 i 2 & 4 5 6 if 8 9 


fe 
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Table 16. Mantissas of common logarithms, base 10—Continued 
Prop. parts 
No. 0 1 2 3 4 5 6 i 8 9 
Leelee OL Olden SteO 
70 |.8451). 8457]. 8463]. 8470]. 8476). 8482|.8488].8494|.8500).8506)/1 1 2/2 3 44 5 6 
71 |.8513).8519). 8525). 8531).8537|. 8543]. 8549].8555|.8561].8567/1 1 212 3 414 5 5 
72 |.8573]. 8579). 8585]. 8591]. 8597]. 8603]. 8609]. 8615).8621).8627)1 1 2/2 8 44 5 5 
73 |.8633).8639|.8645).8651).8657|. 8663) .8669|.8675}.8681|.8686)1 1 2/2 3 414 5 5 
74 |.8692|.8698|.8704|.8710|.8716).8722).8727|.8733).8739|.8745)1 1 212 3 34 5 5 
75 |.8751|.8756|. 8762). 8768]. 8774|.8779|.8785].8791).8797|.8802]1 1 212 3 34 5 5 
76 |.8808].8814|.8820|. 8825). 8831). 8837|.8842).8848).8854).8859/1 1 22 3 34 5 5 
77 |.8865].8871).8876|.8882).8887|.8893].8899).8904}.8910).8915)1 1 22 3 34 4 5 
78 |.8921).8927|. 8932). 8938]. 8943].8949].8954).8960|.8965).8971]1 1 2:2 3 34 4 5 
79 |.8976].8982).8987).8993].8998].9004|.9009).9015).9020).9025)1 1 2/2 3 34 4 5 
80 |.9031). 9036). 9042).9047).9053]. 9058). 9063|.9069).9074).9079)1 1 2/2 3 34 4 5 
81 |.9085/. 9090). 9096).9101}.9106}.9112).9117|.9122).9128/.9133)1 1 2122 3 34 4 5 
82 |.9138].9143].9149).9154).9159).9165).9170).9175}.9180}.9186/1 1 2/2 3 34 4 5 
83 |.9191|.9196).9201).9206).9212).9217|.9222).9227|.9232).9238)1 1 2/2 3 34 4 5 
84 |.9243].9248).9253).9258].9263].9269] .9274).9279).9284|.92891 1 2122 3 34 4 5 
85 |.9294!.9299).9304).9309).9315).9320).9325).9330/.9335}.9340)1 1 2/2 3 34 4 5 
86 |.9345].9350].9355). 9360). 9365). 9370).9375).9380).9385}.9390)1 1 212 3 34 4 5 
87 |.9395].9400).9405).9410).9415].9420).9425).9430|.9435}.944010 1 112 2 33 4 4 
88 |.9445).9450). 9455). 9460) .9465).9469].9474|.9479).9484).9489100 1 1/2 2 33 4 4 
89 |.9494!.9499).9504).9509).9513).9518).9523).9528).9533).953810 1 12 2 338 4 4 
90 |.9542).9547|.9552)].9557|.9562).9566).9571).9576).9581).958600 1 112 2 3/3 4 4 
91 |.9590}.9595].9600}. 9605). 9609).9614).9619).9624).9628 9633)0 Ly UP eee atts homed ab 
92 |.9638]. 9643]. 9647|.9652|.9657|.9661].9666].9671).9675).96800 1 1/2 2 33 4 4 
93 |.9685]. 9689]. 9694]. 9699]. 9703).9708).9713).9717).9722).97270 1 112 2 33 4 4 
94 |.9731|.9736).9741].9745|.9750). 9754) .9759).9763).9768|.97730 1 12 2 33 4 4 
95 |.9777|. 9782) .9786].9791|.9795}.9800}.9805}.9809}.9814).9818)]0 1 12 2 33 4 4 
96 |.9823].9827|.9832|.9836].9841).9845}.9850}.9854|.9859|.9863]0 1 112 2 33 4 4 
97 |.9868].9872].9877|.9881)|.9886].9890].9894!.9899}.9903).9908|0 1 1/2 2 33 4 4 
98 |.9912}.9917)].9921). 9926]. 9930). 9934). 9939|.9943/.9948].9952I0 1 112 2 33 4 4 
99 |.9956).9961).9965,. 9969] .9974|.9978)].9983}.9987}.9991).91960 1 12 2 33 3 4 
100 |.0000}. 0004]. 0009}. 0013).0017).0022).0026).0030).0035).0039 
No. | 0 1 2 3 4 5 6 Hi 8 9 
Table 17. Numerical constants 
Constant Value Constant Value Constant Value 
e 2.718282 T 3.141593 V2 1.414214 
1/e 0.367879 l/r 0.318310 V3 1.732051 
2 7.389056 12 9.869604 iz 2.236068 
1/e2 0.135335 1/n2 0.101321 Vy 1.259921 
Ve 1.648721 Vir 1.772454 Vz ~=«|: 1.442250 
Ve 1.395612 1/Vr 0.564190 lradian | 57.295780 degrees 
logio e 0.434294 1 31.00628 1 radian 3437.7468 minutes 
1/logio e 2.302585 1/3 0.032252 1 radian 206264.81 seconds 
logio 7 0.497150 Ve 1.464592 1 degree 0.017453 = radian 
loge w+ 1.144730 1/ WV 0.682784 1 minute 0.0002909 radian 
loge 10 2.302585 a/4 0.785398 1 second 0.00000485 radian 
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Table 18. Logarithmic sines (see Art. 31) 
Prop. parts 
Degrees| 0’ 10’ 20’ 30’ 40’ 50’ 60’ 
LV) 20 8eh 40 oe 
0 Inf. Neg.|7 .4637|7 .7648/7 .9408/8.0658/8.1627} 8.2419 89 * oA 
1 8. 2419]8.3088]8.3668|/8.4179/8.4637|8.5050| 8.5428 88 z - 
2 8.5428/8.5776/8.6097|8.6397|8.6677/8.6940) 8.7188 87 * a 
3 8.7188|8.7423/8.7645|8.7857!8 . 8059/8. 8251) 8.8436 85 * < 
4 8.8436|8.8613/8 8783/8. 8946/8.9104/8.9256) 8.9403 85 Es 3 
5 8.9403|8.9545/8 . 9682/8 .9816|/8.9945/9 .0070) 9.0192 84 * 
6 9 .0192|9 .0311/9 .0426/9 .0539|9 .0648)/9.0755| 9.0859 83 
a 9.085919 .0961|9. 1060/9. 1157/9. 1252/9 .1345| 9.1436 82 
8 9.1433|9.1525/9. 1612/9 .1697|9. 1781/9. 1863) 9.1943 81 
9 9 .1943]9 . 2022/9 .2100/9 . 2176/9. 2251/9 .2324) 9.2397 80 5 
£ 
8 
10 9.2397 |9 . 2468/9 . 2538/9 . 2606/9 . 2674/9. 2740} 9.2806 79 eS 
a 9.28039 .2870/9 . 2934/9 . 2997/9 .3058/9.3119] 9.3179 78 g 
12 9.317919 .3238)9 .3296/9 .3353/9.3410)9. 3466) 9.3521 REE = 
13 9.3521|9.3575|9 .362919 . 3682/9 3734/9 .3786| 9.3837 76 H 
14 |9.3837]9.3887|9 .3937|9 .3986/9 .4035 9.4083 9.4130 75 
15 9.41309 .4177|9 . 4223/9 .4269/9 .4314/9.4359| 9.4403 74 
16 9.4403 |9.4447/9 4491/9 .4533)9 4576/9 .4618] 9.4659 73 
£7 9.465919 .4700|9 .4741/9 .4781/9 .4821/9.4861] 9.4900 72 4| 8 12] 16| 20 
18 9.4900 |9.4939]9 .4977!9 5015/9. 5052/9.5090| 9.5126 vial 4) 8! 11) 15) 19 
19 9.5126|9.5163/9.5199/9. 5235/9 .5270|9.5306| 9.5341 70 4 7| 11] 14) 18 
20 9.53419 .5375)9 .5409]9 . 5443/9 .5477|9.5510}) 9.5543 69 3] 7} 10) 14| 17 
21 9.5543 |9.5576/9 .5609|9. 5641/9 .5673/9.5704| 9.5736 68 3] 6) 10) T3Si-Ve 
22 9.57369 .5767|9 . 5798/9 .5828)9 .5859|9 .5889) 9.5919 67 3) 6) 29h) LZR 
23 9.5919|9. 5948/9 .5978)9 .6007/9 .6036)9.6065| 9 .6093 66 3; 6) 9) 12) 15 
24 9.6093 ]9.6121/9 .6149)9.6177/9 .6205/9 .6232| 9.6259 65 3) 6) 8] il} 14 
25 9.6259 |9 .6286/9 .6313/9 .6340/9 .6366/9 .6392) 9.6418 64 3] 9 5) 8) Uhl 
26 9 .6418/9.6444|9 .6470/9 6495/9 .6521)9.6546) 9.6570 63 She Ol 8) 10) aes 
27 9 .6570|9 .6595)9 .6620/9 .6644/9 .6668/9 .6692} 9.6716 62 2) sD). 27) LO 
28 9.6716 |9.6740|9 .6763)/9 .6787|9 .6810/9 .6833| 9.6856 61 21° 5 <7) Oye 
29 9.6856 |9 .6878)9 .6901/9 .6923/9 .694619.6968) 9.6990 60 2) 4), 7) Oi 
30 9.6990 |9.7012)/9.7033)/9 .7055|9 .7076/9.7097) 9.7118 59 2| 4|- 6) Olt 
31 9.7118]9 .7139/9 .7160)9 .7181|9 .7201/9.7222| 9.7242 58 2} 4 6] 8 10 
32 9.7242 |9 .7262/9 .7282/9 .7302/9 7322/9 .7342| 9.7361 57 2) Al s6ie “Sik 1G 
33 9.73619 .7380|9 .7400)9 .7419|9.743819.7457| 9.7476 56 2) Al “6H State 
384 9.74769 .7494/9.7513)9 .7531|9.7550/9.7568| 9.7586 55 2) 4). 6) 7| 9 
35 9.7586 |9 .7604/9 .7622|9 .7640/9 .7657|9 .7675| 9.7692 54 2|) Ale Sie 
36 9.7692 9.771019 .7727|9.774419 .7761/9.7778| 9.7795 53 20 SiS 15) AS 
37 9.7795 )9.7811|9.7828)9 .7844/9 .7861/9.7877| 9.7893 52 2 93)" (5) eee 
38 |9.7893|9.7910)9.7926|9 .7941/9 .7957|9.7973] 9.7989 51 2) Sie 15) 6] sg 
39 9.7989 |9 .8004|9 .8020]/9 . 8035/9 .8050)9 .8066| 9.8081 50 Zi Sl) De 26) 
40 9.8081/9 .8096/9.8111)9.8125)9 .8140/9.8155) 9.8169 49 1! <3) 4); “Glaa% 
Al 9.8169 |9 .8184/9 . 8198/9 .8213/9 8227/9 .8241| 9.8255 48 Lio 8h 4 Chay 
42 9.82559 .8269/9..8283/9 . 8297/9 8311/9. 8324] 9.8338 47 Ts ASiy “abe Otem 
43 9.8338 /9 .8351/9 .8365/9 .8378)9 .839119.8405) 9.8418 46 L| +3) 4) SV 
44 9.8418 /9.8431|9 8444/9 8457/9. 8469/9 .8482| 9.8495 45 Li 3) 4-61) 36 
ea rorararare 
60’ 50’ 40’ 30’ 20’ 10’ 0’ Degrees 
Prop. parts 


Logarithmic 


cosines 
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Table 18. Logarithmic sines—Continued 
er ae ee Nae ee wk A ee Tee 


Prop. parts 
Degrees} 0’ 10’ 20’ 30’ 40’ 50’ 60’ 
ily oF 3/ 4/ 5 
45 |9.8495)/9 . 8507/9 . 8520/9 . 8532/9 .8545/9.8557| 9.8569] 44 Type ie NN MSN 
46 |9.8569/9 . 8582/9 .8594/9 . 8606/9 .8618/9.8629| 9.8641] 43 Tee oi Ae oe a6: 
AT 9. 8641/9 .8653)9 , 8665/9 .8676]9 . 8688/9. 8699] 9.8711 42 Dy 22-23 arb |e 
48 |9.8711/9.8722|/9 .8733|9.8745|9 .8756/9 .8767| 9.8778] 41 A 2) = 3) 4156 
49 |9.8778/9 8789/9 .8800|9 .8810/9 8821/9 .8832) 9.8843} 40 ead ge coals eG hss 
50 = /9..8843]/9 . 8853/9 . 8864/9 .8874|9 . 8884/9 .8895] 9.8905] 39 TS Died le lees 
51 19..8905/9. 8915/9 .8925/9 .8935}9 .8945|9.8955| 9.8965} 38 ee |p [eal eae 
52 |9.8965)9 .8975|9 . 8985/9 .8995|9 .9004/9.9014] 9.9023] 37 Lie 2S tel eas 
53 19. 9023/9 .9033/9 .9042/9 .9052/9 .9061/9.9070| 9.9080] 36 BUS ARS pels 
54 |9.9080/9 .9089/9 .9098/9 .9107/9.9116|9.9125| 9.9134} 35 ee es Alea 
55 |9.9134/9.9142/9.915119.9160|9.9169|9.9177| 9.9186] 34 = Bip 33> 4 
56 = |9.9186/9.9194/9 .9203/9 .9211/9 .9219/9 .9228) 9.9236) 33 Lie? a Se siaat 
57 = |9.9236/9 .9244/9 .9252/9 .9260/9 9268/9 .9276| 9.9284| 32 Uh ee a = eae = 
58 |9.9284/9 .9292/9 .9300/9 .9308/9 .9315]9.9323| 9.9331] 31 | SAR he rel 
‘59 =|9.9331/9 . 9338/9 .9346]/9 .9353/9 .9361/9.9368] 9.9375] 30 Hf eee es fo) eee er 
60 |9.9375/9 .9383)9 .9390/9 .9397/9 .9404/9 9411] 9.9418) 29 151d, | eee mec fee 
61 9.9418/9 .9425/9 .9432/9 9439/9 9446/9 .9453] 9.9459 28 Pia Die Sie 
62 |9.9459/9 .9466/9 . 9473/9 .9479/9 .9486|9 .9492] 9.9499} 27 dealer? | oes ees 
63 |9.9499])9 .9505/9 .9512|/9 .9518/9 .9524/9 .9530} 9.9537] 26 LS A a2 SiS) 
64 |9.9537|9 .9543/9 .9549/9 .9555/9 .9561|9 .9567| 9.9573} 25 a The hee eer 
65 = |9.9573/9 .9579|9 .9584/9 .9590/9 .9596/9 .9602} 9.9607) 24 | 2 eee ees) 
66 |9.9607|9 .9613/9 .9618/9 .9624/9 .9629|9 9635} 9.9640} 23 eal Seal aS 3 
67 = |9.9640/9 .9646/9 .9651/9 .9656|9 .9661|9.9667} 9.9672} 22 yb fers Yeo | 2? 
68 |9.9672/9 .9677/9 .9682/9 .9687/9 .9692|9.9697| 9.9702} 21 Ole Te 2a 
69 |9.9702/9 .9706/9 .9711|9 .9716|9 .9721|9.9725| 9.9730} 20 (yp ily ipcesa lh Me Sei 1) 
70 |9.9730)9 .9734/9 .9739/9 .9743|9 .9748|9.9752| 9.9757} 19 Qe dl earl zee 
71 |9.9757|9 .9761|9 .9765|9 .9770/9 .9774|9 .9778| 9.9782} 18 Op Kiel: |e eee 
72 |9.978219 .9786)/9 .9790)/9 .9794|9 .9798|9 .9802} 9.9806) 17 Oot ees 2 ee 
73 |9.9806/9.9810/9 .9814/9 .9817/9 .9821|9 .9825| 9.9828} 16 (Oeuf ah orate 
74 |9.9828]9 .9832!9 .9836/9 .9839/9 .9843/9 .9846| 9.9849} 15 (OP alate aul ee 
75 |9.9849/9 .9853/9 .9856/9 .9859]9 .9863/9 .9866} 9.9869} 14 Oe Le ee ee 
76 |9.9869/9.9872|9 .9875)/9 .9878|/9 .988119 .9884| 9.9887} 13 CO} [eta te Site GUL ee 
77 ~|9.9887|9 .9890/9 .9893/9 .9896|9 .9899|9 .9901} 9.9904} 12 (Oona Wane i ah cena 
78 19.9904/9.9907/9.9909/9 .9912/9 .9914|9.9917| 9.9919} 11 Ol hie) Steed 
79 19.9919]9 .9922/9 .9924/9 .9927|/9.9929/9.9931| 9.9934} 10 OREO} eeh | Stee? 
80 |19.9934/9 .9936]9 .9938/9 .9940/9 .9942/9 .9944| 9.9946 9 COMP Ch sae Salil al 
81 |9.9946]9 .9948/9 .9950]9 .9952/9 .9954/9.9956| 9.9958 8 OVO ah st ae 
82 |9.9958/9 .9959/9 .9961/9 .9963/9 .9964/9 .9966] 9.9968 7 (OH SO PSrOih = aie Si 
83 |9.9968/9 .9969]9 .9971/9 .9972|/9 .9973/9.9975| 9.9976 6 ONO eat0) ea eae 
84 |9.9976]9.9977|9 .9979/9 .9980/9 .9981/9 .9982| 9.9983 5 OW O Oe Oleat 
85 |9.9983/9 .9985)/9 .9986/9 .9987/9 .9988/9 .9989} 9.9989 4 OOF O01 20 
86 |9.9989/9 .9990]9 .9991/9 .9992/9 .9993/9 .9993] 9.9994 3 0}, 0} 40)" <0} 10 
87 |9.9994/9.9995]9 .9995/9 .9996/9 .9996/9 .9997) 9.9997 2 (OE SCS Ole 0) 
88 |9.9997]9 .9998]9 .9998]9 .9999)9 .9999)9 .9999| 9.9999 it O}- Oh Oe Ol 
89 |9.9999]10 .000/10 .000/10 .000)10 .000/10 .000|10.0000 0 Ol Ola 20i 0 eo 
WM 2 3/ 4/ 5¢ 
60’ 50/ 40’ 30’ 20/ 10’ 0’ Degrees | 
| Prop. parts 


Logarithmic cosines 


1478 MATHEMATICAL TABLES | See. 24. 


Table 19. Logarithmic tangents (see Art. 31) 


Prop. parts 
Degrees| 0’ 10’ 20° 30’ 40’ 50’ 60’ 
ss Nae teal prt 30) pa 2 bc 2Y 
0 |Inf.Neg.!7 .4637|7 . 7648/7 .9409)8.0658)8. 1627) 8.2419 89 * eo 
1 8.2419/8.3089|8.3669/8.4181|8.4638/8.5053| 8.5431 88 aS oO 
2 8.5431]8.5779|8.6101/8.6401|8.6682|/8.6945| 8.7194 87 * 2 
3 8.7194|8.7429|8.765218.7865|8.8067/8.8261| 8.8446 86 * -< 
4 8.8446/8.8624/8.8795/8.8960/8.9118/8.9272| 8.9420 85 Pe e 
mn 
5 |8.9420]8.9563/8.9701)8 .9836/8.9966)9.0093) 9.0216) 84 * 
6 9 .0216|9 .0336/9 .0453/9 .0567|9 .0678|9 .0786| 9.0891 83 
7 9 .0891/9.0995|9. 1096/9. 1194/9.1291|9-1385} 9.1478 82 
8 |9.1478]9.1569|9.1658/9.1745|9.1831|9.1915| 9.1997 81 
9 9.1997 |9 .2078]9 . 2158/9 . 2236/9 .2313)/9 .2389| 9.2463 80 =) 
g 
3 
10 9 .2463|9 .2536|9 . 2609/9. 2680/9 .2750|/9.2819} 9.2887 79 3 
11 9.2887 |9 .2953]9 . 3020/9 .3085|9.3149|9 .3212] 9.3275 78 4 
12 9 .3275|9 .8336|9 .3397/9 .3458|9 .3517/9 .3576| 9.3634 te a 
13 9 .3634/9 .3691|/9.3748/9 .3804/9 .3859|9 .3914| 9.3968 76 = 
14 9.3968|9 .4021|9 4074/9 .4127|9.4178/9 .4230| 9.4281 75 
15 9 .4281|9 .4331|9 .4381/9 .4430/9.4479|9 .4527| 9.4575 74 
16 9 .4575|9 .4622|9 .4669/9 .4716|9.4762|9 .4808| 9.4853 73 5; 9) 14] 19) 23 
17 9.4853 |9 .4898|9 4943/9 .4987|9.5031/9.5075| 9.5118 72 4! 9) 13) 18) 22 
18 9.5118|9.5161/9 .5203)9 .5245|9.5287|9.5329| 9.5370 ie 4) 8) 13) 17) 22 
19 9.537019 .5411/9 5451/9 .5491/9 .553119.5571| 9.5611 70 4; 8] 12] 16} 20 
20 9.5611/9 .5650|9 . 5689/9 .5727)|9.5766|9 .5804| 9.5842 69 4; 8] 12] 15) 19 
21 9.5842 |9 .5879|9 .5917/9 .5954/9 .5991|9 .6028} 9.6064 68 AT) 1) ASS 
22 9.6064 /9 .6100)9 .6136/9 .6172/9 .6208/9 .6243| 9.6279 67 4| 7) 11) 14] 18 
23 9.6279 |9 .6314/9 .6348/9 .6383|9.6417|9 .6452] 9.6486 66 3| 7.10) 14) 17 
24 9.6486 |9 .6520/9 .6553|9 .6587|9 .6620/9 .6654| 9.6687 65 3) 7| 10) 3 7 
25 9 .6687 |9 .6720]9 .6752/9 .6785/9 .6817|9 .6850| 9.6882 64 3} 7 10) 13) -16 
26 9.6882 |9 .6914/9 .6946|9 .6977/9 .7009|9.7040|} 9.7072 63 3] 6] 9} 13] 16 
27 9.7072 |9.7163)9 .7134/9 .7165|9.7196/9 .7226| 9.7257 62 3| 6} ~9) 12) 1S 
28 9.7257 |9 .7287|9 .7317|9 .7348/9 .7378|9 .7408| 9.7438 61 3; 6) 9} 12) 15 
29 9.7438 |9 .7467|9 .749719 .7526)9 .7556|9.7585| 9.7614 60 3} 6] 9] 12) aS 
30 9.761419 .7644)/9 .7673/9.7701/9 .7730|9.7759| 9.7788 59 3) 6 9} 12) 14- 
81 9.7788 |9.7816/9 .7845]9 .7873|9 .7902/9.7930| 9.7958] 58 3] 6) 9) 11) 14 
32 9.7958 /9 .7986|9 . 8014/9 .8042]9 .8070|9. 8097] 9.8125 57 3] 6) 28) Sta Cres 
83 9.81259 .8153/9 . 8180/9 .8208|9 .8235/9 .8263] 9.8290 56 3] 5) 8} 11) 14 
84 9.8290 |9 .8317|/9. 8344/9 .8371]9 .8398|9 8425) 9.8452 55 3) 5) 8} 11) 14 
35 9 .8452|9.8479 9 .8506)9 .8533/9 .8559/9 8586) 9.8613 54 5) (ees) femeced few it | £3 
36 9 .8613/9 .8639/9 .8666|9 .8692/9 .8718)9 .8745| 9.8771 53 3] Ol 8) TS 
37 9.8771]9 .8797|9 .8824|9 .8850|/9.8876|9 . 8902] 9.8928 52 3] 5) 8] 10] 13 
38 9 .8928|9 .8954/9 . 8980/9 .9006/9 .9032!9 .9058] 9.9084 51 3] Sl (8) POS 
39 9.90849 .9110/9 .9135)9 9161/9 .9187|9 .9212) 9.9238 50 3] <5} 8] 10) 13 
40 9.923819 .9264/9 .9289|9 .9315/9 .9341/9 .9366| 9.9392 49 3]. Ol 8]! 10) cas 
Al 9.93929 .9417/9 9443/9 .9468/9 .9494/9 9519} 9.9544 48 3). 8) 10ers 
42 9.954419 .9570/9 .9595/9 .9621|9 .9646|9 .9671| 9.9697 47 ,3| 65} 68] 10): 18 
43 9.9697 |9 .9722/9 .9747]9 .9772|9 .9798|9 .9823] 9.9848 46 3} 5) 8} 10) 13 
44 9 .9848|9 .9874|9 .9899/9 .9924/9 .9949|9 .9975|10.0000 45 3) 5) 8! 10] 13 
5) SBE dea 2°] | ete 
60’ 50’ 40’ 30’ 20’ 10’ 0’ Degrees 
| Prop. parts 
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Table 19. Logarithmic tangents—Continued 
Prop. parts 
20’ 30/ 40’ 50’ 60’ wean’ 

A 2p kas San Ue A 52 
0.0051/0.0076|0.0101/0.0126) 0.0152 44 Sh Sie Ors 
0.0202/0.0228]0.0253/0.0278) 0.0303 43 Sip Oles e lO: 
0.0354/0 .0379|0.0405/0.0430] 0.0456 42 Se COs LO eles 
0.0506/0.0532]/0.0557/0.0583) 0.0608 41 Si Ol aS et On ts 
0.0659 /0.0685/0.0711|0.0736] 0.0762 40 S| Ope S} LO las: 
0.0813/0.0839]0.0865/0.0890] 0.0916 39 Sid So LO Le 
0.0968/0.0994|0.1020/0.1046) 0.1072 38 3] 5] 8) 10) 13 
0.1124/0.1150)0.1176)0.1203]) 0.1229 37 3) ) Sle oly LOTS 
0.1282/0.1308]/0.1334/0.1361] 0.1387 36 3) S28) Vitis 
0.1441/0.1467|/0.1494/0.1521) 0.1548 35 Sl ble oled TS: 
0.1602/0.1629|0.1656/0.1683]) 0.1710 34 3 ol S| 41) L4 
0.1765/0.1792/0.1820/0.1847| 0.1875 33 3), OP Sl La te 
0.1930/0.1958|0.1986/0.2014) 0.2042 32 3] 6| — 8} 11) 14 
0.2098/0. 2127|0.2155/0. 2184] 0.2212 31 3; 6; 9} 11) 14 
0. 2270/0 .2299/0.2327/0.2356| 0.2386 30 3] 6] 9) 12) 14 
0.2444/0.2474/0. 2503/0. 2533) 0.2562 29 3] 6] 9} 12) 15 
0. 2622/0. 2652/0. 2683/0.2713) 0.2743 28 3] 6 12) 15 
0.2804/0. 2835/0, 2866/0 .2897| 0.2928 Pare 3] 6] 9} 12) 15 
0.2991/0.3023/0.3054/0.3086] 0.3118 26 3]. 6] 9] 13) 16 
0.3183/0.3215/0.3248/0.3280) 0.3313 25 fo) er fs KO) es so) 
0.3380/0.3413/0.3447/0.3480] 0.3514 24 3 7 10) sl 17. 
0.3583/0.3617|0.3652/0.3686) 0.3721 23 SHE Aero Sau) ale 
0.3792]0.3828/0.3864|0.3900]} 0.3936 22 4| 7] 11] 14] 18 
0.4009]0.4046/0.4083)0.4121} 0.4158 21 4) 7] 11) 15) 19 
0.4234/0.4273]/0.4311/0.4350) 0.4389 20 4; 8} 12] 15) 19 
0.4469/0.4509]0.4549/0.4589| 0.4630 19 4; 8] 12) 16) 20 
0.4713/0.4755|0.4797/0.4839) 0.4882 18 4) °8\ 13) 17-20 
0.4969]0.5013)0.5057|0.5102| 0.5147 17 4) 9] 13] 18] 22 
0.5238/0. 5284/0. 5331/0.5378) 0.5425 16 5! 91 14} 191 23 
0.5521/0.5570/0. 5619/0. 5669) 0.5719 15 
0.5822/10.5873)0.5926)0.5979} 0.6032 14 
0.6141/0.6196)0.6252/0.6309| 0.6366 13 6 
0.6483/0.6542)/0.6603/0.6664|) 0.6725 12 4 
0.6851/0.6915]0.6980|0.7047|} 0.71138 ale ic} 
0.7250/0.7320|0.7391|0.7464| 0.7537 10 g 

£ 
0.7687/0.7764/0.7842|0.7922| 0.8003 9 pal 
0. 8169/0. 8255|0.8342/0.8431} 0.8522 8 
0.8709/0. 8806/0. 8904/0 .9005; 0.9109 7E 
0.9322/0.9433/0.9547/0.9664| 0.9784] 6 xe 
1.0034/1.0164/1.0299/1.0437) 1.0580 5 * 

bal 
1.0882}1.1040]1.1205/1.1376} 1.1554 4 * $2 
1,1933]1.2135/1.2348]1.2571) 1.2806 3 * 5 
1.3318]1.3599]1.3899]1.4221] 1.4569 2 * es 
1.5362/1.5819]1.6331/1.6911| 1.7581 1 * 2 
1.9342/2.0591/2.2352/2.5363) Infinite 0 * 

s VAN ROLE eee Cds 
40’ 30’ 20/ 10’ 0’ Degrees 
Prop. parts 


Logarithmic cotangents 
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Table 20. Exponentials e¥ and e—¥ (see Art. 75) 
5 i 
u eu e—t u et e—u u eu eu u Se = 
.00 | 1.000 |1.000 .50 | 1.649 . 6065 1.0 2.718) .3679 OL 0.00434 
Si eh OLOS| 29900 -51 | 1.665 | .6005 1 3.004) .3329 .02 0.00869 
.02 | 1.020 | .9802 .52 | 1.682 | .5945 1.2 3.320].3012 .03 0.01303 
.03 | 1.030 | .9704 .53 | 1.699 5886 1.3 3.669] .2725 .04 0.01737 
.04 | 1.041 .9608 545 EG" O82 1.4 4.055). 2466 .05 0.02171 
.05 | 1.051 .9512 LOO Nel aoo: 5769 1.5 4.482) 2231 .06 0.02606 
.06 | 1.062 .9418 56. |) L.vdleieeorLe 1.6 4.953). 2019 .07 0.03040 
.07 | 1.073 9324 .57 * 1.768 | .5655 EY ( 5.474|.1827 .08 0.038474 
.08 | 1.083 9231 08 |) 1.786 5599 1.8 6.050].1653 .09 0.03909 
.09 | 1.094 | .9139 .59 | 1.804 5543 ile) 6.686]. 1496 oi 0.04343 
.10 | 1.105 | .9048 .60 | 1.822 5488 2.0 7.389). 1353 2 0.08686 
pilose Pelt G . 8958 -.61 | 1.840 5434 Pye | 8.166]. 1225 3 0.13029 
2 al BU 27- . 8869 S620 12 S59F Ihe Soro) 2.2, 9.025] .1108 A 0.17372 
eiselek. 139 .8781 .63 | 1.878 | .5326 2 9.974]. 1003 ae) 0.21715 
Pi4nei2150) || 28694. .64 | +.896 5273 2.4 | 11.02 |.09072|| .6 0.26058 
SLbs)) tat62 . 8607 .65 | 1.916 5220 | 2.5 | 12.18 |.08209)) 37 0.30401 
eLOeh el 74 8521 66+) 1,935 5169 2.6 | 13.46 |-07427\| .8 0.34744 
Sti Peek So . 8437 .67 | 1.954 5117 2.7 | 14.88 |.06721|| .9 0.39087 
Silt 2 hO7. . 8353 .68 | 1.974 5066 2.8 | 16.44 |.06081 1 0.43429 
.19 | 1.209 . 8270 .69 | 1.994 | .5016 2.9.-| 18.17 1.05502 2 0.86859 
20°) 1.221 .8187 .70 | 2.014 | .4966 3.0 | 20.09 |.04979 3 1.30288 
21) 1.284 . 8106 72 }- 2.034 .4916 3.1 | 22.20 |.04505 4 1.73718 
/22: | 1.246 8025 .72 | 2.054 4868 3.2 | 24.53 |.04076 5 2.17147 
P23 el 259 .7945 73 |-2.075 | .4819 3.3 | 27.11 |.03688 6 2.60577 
PH GP arlat . 7866 -74 | 2.096 | .4771 3.4 | 29.96 |.03337 iG 3.04006 
.25 | 1.284 .7788 75 | 2.147 | 14724 3.5 | 33.12 1.038020 8 3.47436 
20: | 12297 aie .76 | 2.138 | .4677 3.6 | 36.60 |.02732 9 3.90865 
PY |\ ei eae) . 7634 ele al-25 160 4630 3.7 | 40.45 |.02472 10 4.34294 
£28) | 1.4323 .7558 HSE) 2a tse 4584 3.8 | 44.70 |.02237 20 8.68589 
+29 | 1.336 -7483 Ah |) Yayo; 4538 3.9 | 49.40 |.02024 30 13 .02883 
30 | 17350 . 7408 ; 801525226 4493 4.0 | 54.60 |.01832 40 1753S 
Pod) WelesOo: . 7334 .81 | 2.248 | .4449 4.1 | 60.34 |.01657 50 | 21.71472 
5a Wh Le Sm 1261 ey || PARRA 4404 4.2 | 66.69 |.01500 60 | 26.05767 
ast | alasioal .7189 .83 | 2.293 | .4361 4.3 | 73.70 |.01357 70 | 30.40061 
.o4 | 1.405 | .7118 .84 | 2.316 | .4317 4.4 | 81.45 |.01228 80 | 34.74356 
.o0 | 1.419 . 7047 .85 | 2.340 4274 4.5 | 90.02 |.01111)} 90 | 39.08650 
.36 | 1.433 | .6977 || .86 | 2.363 | .4232 || 4.6 | 99.48 |.01005]| «/4 0.34109 
.37 | 1.448 | .6907 AYA lee snctey( 4190 4.7 |109.9 |.00910}| 2/2 0.68219 
.38 | 1.462 | .6839 .88 | 2.411 4148 4.8 |121.5 |.00823}| 32/4 1.02328 
Se |) Se ~OueL .89 | 2.435 4107 4.9 |134.3 |,.00745 T 1.36438 
.40 | 1.492 .6703 -90 | 2.460 | .4066 5.0 |148.4 |.00674]| 5a/4 1.70547 
Ale Od - 6637 91 | 2.484 | .4025 5.1 |164.0 |.00610)| 38x/2 2.04656 
42 | 1.522 .6570 -92 | 2.509 3985 5.2 |181.3 |.00552)| 71/4 2.38766 
.43 | 1.537 6505 .93 | 2.535 3946 5.3 1200.3 |.00499|| 27 2.72875 
.44 | 1.553 . 6440 .94 | 2.560 3906 5.4 |221.4 |.00452]| 52/2 3.41094 
.45 | 1.568 | .6376 .95 | 2.586 | .38867 5.5 |244.7 |.00409|| 32 4.09313 
.46 | 1.584 .6313 -96 | 2.612 | .3829 5.6 |270.4 |.00370|| 7x/2 4.77532 
.47 | 1.600 | .6250 .97 | 2.638 | .3791 5.7 |298.9 |.00335|| 4a 5.45751 
48 | 1.616 6188 .98 | 25664 | .3753 5.8 |330.3 |.00303}] 97/2 6.13969 
49 | 1.632 6126 .99 | 2.691 38716 5.9 |365.0 |.00274|| 57 § .82188 
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Table 21. Hyperbolic functions (see Art. 75) 

: uw | Sinh uw | Cosh w|Tanhw|} w | Sinh uw | Cosh w|Tanhu/|! wu | Sinh uw | Cosh uw | Tanh wu 
-00} .0006 |} 1.000 -0000 |}.50] .5211 | 1.128 | .4621 ||1.0] 1.175] 1.543 .7616 
-O1} .0100 | 1.000 | .0100 jj.51] .5324 | 1.133 | .4700 |/1.1] 1.336] 1.669] 8005 
-02} .0200 | 1.000 | .0200 |/.52]) .5438 | 1.138 | .4777 ||1.2] 1.509] 1.811 - 8337 
-03; .0300 | 1.000 | .0300 ||.53] .5552 | 1.144 | .4854 |/1.3] 1.698] 1.971 . 8617 
-04) .0400 | 1.001 | .0400 |/.54) .5666 | 1.149 | .4930 |/1.4| 1.904] 2.151 . 8854 
-05) .0500 | 1.001 | .0500 |].55) .5782 | 1.155 | .5005 |/1.5] 2.129] 2.352] .9052 
-06) .0600°] 1.002 | .0599 ||.56]} .5897 | 1.161 | .5080 |/1.6) 2.376] 2.577 S921 
~O7| .0701 | 1.002.| .0699 ||.57| .6014 | 1.167 | .5154 |!1.7| 2.646) 2.898] 9354 
708) .0801 | 1.003 |) 70798 ||.58) .61381 | 1.173 | .5227 ||1.8] 2.942] 3,107 -9468 
-09} .0901 | 1.004 | .0898 ||.59] .6248 | 1.179 | .5299 |/1.9] 3.268] 3.418] .9562 
-10} .1002 | 1.005 | .0997 ||.60} .6367 | 1.185 | .5370 |/2.0] 3.62 3.762] ‘ .9640 
-11) .1102 | 1.006 | .1096 ||.61] .6485 | 1.192 | .5441 ||2.1] 4.022) 4.144 -9705 
-12} .1203 | 1.007 | .1194 ||.62} .6605 | 1.198 | .5511 ||/2.2} 4.457) 4.568] .9757 
213) .1304 | 1.008 | .1293 ||.63] .6725 | 1.205 | .5581 ||/2.3] 4.937] 5.037 . 9801 
-14; .1405 | 1.010 | .1391 ||.64) .6846 | 1.212 | .5649 |/2.4| 5.466] 5.557 . 9837 
-15) .1506 | 1.011 | .1489 ||.65} -6967 | 1.219 | .5717 ||2.5) 6.050] 6.132] .9866 
.16} .1607 | 1.013 | .1587 ||.66] .7090 | 1.226 | .5784 |/2.6] 6.695] 6.769 .9890 
Al wl 10S)) L014" |) 1684 \|.67) .72L3 | 1.238 | 58500 112.7) 7.406) 7.473 -9910 

+ .18) .1810 | 1.016 | .1781 ||.68) .7336 | 1.240 | .5915 |/2.8) 8.192) 8.253 .9926 
-19} .1911 | 1.018 | .1878 ||.69] .7461 | 1.248 |- .5980 ||2.9} 9.060) 9.115] .9940 
-20} .2013 | 1.020 | .1974 ||.70| .7586 | 1.255 | .6044 |/3.0) 10.02 | 10.07 .9951 

Beal 2115 |) 1.0220) .2070°)) 71) 27712 | 1.268 | -6107 |13.1)°11.08 |) 11.12 .9960 
e223 2228 | 1.024 | 52165) |!.72) .78388 | 1.271 -6169 {18.2} 12.25 | 12.29 -9967 
228) .2820 | 1.027 | .2260 ||.73) .7966 | 1.278 | .6231 |)3.3) 138.54 | 13.57 .9973 
+24) .2423 | 1.029 |- .2355 ||.74| .8094 | 1.287 | .6291 |/3.4) 14.97 | 15.00 .9978 
.25| .2526 | 1.031 | .2449 ||.75| .8223 | 1.295 | .6352 |/3.5] 16.54 | 16.57 . 9982 
-26| ,2629 | 1.034 | .2543 ||.76} .8353 | 1.303 | .6411 |/3.6} 18.29 | 18.31 -9985 
-27| .2733 | 1.037 | .2636 ||.77| .8484 | 1.311 | .6469 |/3.7| 20.21 | 20.24 .9988 
-28]} .2837 | 1.039 | .2729 ||.78] .8615 | 1.320 | .6527 ||3.8) 22.34 | 22.36 .9990 
.29) .2941 | 1.042 | .2821 ||.79] .8748 | 1.329 | .6584 |/3.9] 24.69 | 24.71 .9992 
-380] .3045 | 1.045 | .2913 ||.80] .8881 | 1.337 | .6640 |/4.0] 27.29 | 27.31 .9993 
.31} .3150 | 1.048 | .3004 ||.81] .9015 | 1.346 | .6696 |/4.1] 30.16 | 30.18 .9995 

. .82| .3255 | 1.052 | .3095 ||.82) .9150 | 1.355 | .6751 |/4.2] 33.34 | 33.35 . 9996 
.33} .3360 | 1.055 | .3185 ||.83]} .9286 | 1.365 | .6805 |/4.3] 36.84 | 36.86 .9996 
.34| .3466 | 1.058 | .3275 ||.84| .9423 | 1.374 , .6858 ||4.4| 40.72 | 40.73 .9997 
.35| .3572 | 1.062 | .3364 ||.85| .9561 | 1.384 | .6911 |/4.5| 45.00 | 45.01 .9998 
.36] .3678 | 1.066 | .3452 ||.86] .9700 | 1.393 | .6963 ||4.6] 49.74 | 49.75 -9998 
.37| .8785 | 1.069 | .3540 ||.87| .9840 | 1.403 | .7014 ||4.7) 54.97 | 54.98 .9998 
-38| .3892 | 1.073 | .3627 ||.88) .9981 | 1.413 | .7064 |/4.8] 60.75 | 60.76 -9999 
.39| .4000 | 1.077 | .3714 ||.89| 1.012 | 1.423 | .7114 |/4.9) 67.14 | 67.15 -9999 
‘40| .4108 | 1.081 | .3800 ||.90| 1.027 | 1.483 | .7163 |/5.0] 74.20 | 74.21 .9999 
.41| .4216 | 1.085 | .3885 ||.91|} 1.041 | 1.443 | .7211 |/5.1} 82.01 | 82.01 . 9999 
.42| 4325 | 1.090 | .3969 |].92} 1.055-| 1.454 | .7259 ||5.2) 90.63 | 90.64 9999 
-43| .4434 | 1.094 | .4053 ||.93] 1.070 | 1.465 | .7306 ||5.3/100.17 |100 17 1 .0000 
-44| .4543 | 1.098 | .4136 ||.94] 1.085 | 1.475 | .7352 ||5.4/110.70 110.71 1.0000 
45} .4653 | 1.103 | .4219 ||.95| 1.099 | 1.486 | .7398 ||5.5/122.34 |122 35 | 1.0000 
.46| .4764 | 1.108 | .4801 ||.96] 1.114 | 1.497 .7443 |15.6]1385.21 |135.22 1.0000 
Ay | .4875 | 1.112 -4382 ||.97| 1.129 | 1.509 7487 |15.7|149.43 |149.44 1.0000 
-48} .4986 | 1.117 4462 ||.98| 1.145 | 1,520 | .7531 |/5.8/165.15 165.15 1.0000 
-49| .5098 | 1.122 .4542 ||.99] 1.160 | 1.531 .7574 ||5.9)182.52 |182.52 1.0000 


ty 
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fa 
Table 22. Napierian (natural) logarithms. Base e = 2.71828 Ei 


Prop. parts 
est 1 2 3 4 5 6 7 8 9 ; le | : Is 
1.0/0.0000/0 .0100|0.0198|0.0296|0.0392/0 0488/0 .05830.0677/0.0770)0 .0862 
1.110.0953/0. 1044/0. 1133/0. 1222/0. 13100.13980. 1484/0, 15700. 1655/0. 1740 ‘ 
1.210.1823|0. 1906/0. 1989|0.2070|0.2151/0. 2231/0. 2311/0. 2390/0 24690. 2546 
1.3/0.2624|0.2700|0.2776/0.2852|0 29270. 3001/0. 30750.31480.32210.8293) 
1.4/0.336510.3436/0.3507/0.3577/0.3646/0.37160.3784/0, 38530. 39200.3988) 2 
1.5/0.4055/0.4121|0.4187|0.4253/0.43180.4383)0.4447(0.45110.4574/0.4637| & 
1.6|0.4700|0. 4762/0. 4824|0.4886|0. 4947/0. 5008/0. 50680. 5128/0.5188)0.5247 § 
1.7|0.5306|0.5365|0. 5423/0.5481/0 553910. 5596|0. 56530. 57100.5766/0.5822) 4 : 
1.8/0.5878|0.5933|0.5988/0.6043|0. 6098/0. 6152/0 .6206/0 .6259/0.6313/0.6366 
1.9]0.6419|0.6471/0.6523|0.6575|/0.6627|0.6678/0.6729\0 67800 .6831/0. 6881 ; 
2.0/0.6931/0.6981/0.7031/0.7080|0.7129\0.7178(0.7227/0.72750.7324/0.7372| 
2.110.7419|0.7467|0.7514|0.7561|0.7608/0.7655/0.77010.774710.7793)0.7839) 5| 9|14)19|23 
2.2/0 .7885/0.7930]0.797510.8020|0 . 80650. 8109/0.81540. 81980. 8242/0 8286) 4) 9)13)18)22 
2..3/0.8329|0.8372/0.8416/0. 8459/0. 8502'0.8544/0. 8587/0. 8629/0.8671/0.8713) 4| 9]13]17/21 
2..4|0.8755/0.8796|0.8838/0.8879|0.8920'0.8961/0.9002'0.9042,0.9083/0.9123| 4] 8/12]16/20 
2..510.9163/0.9203/0.9243|0.928210.9322,0.93610.9400)/0.94390.9478)0,9517) 4) 8|12\16)20 
2.6/0 .9555/0.9594/0.9632/0.9670|0.970810.9746)0 .9783/0,.9821)/0.9858,0.9895) 4) 8/11/15/19 
2..7/0.9933/0.9969|1.0006/1.0043}1.00801.0116)1.0152)1.01881,0225)1.0260) 4| 7/11/15)18 
2..8]1.0296|1.0332|1.0367|1.0403/1.0438)1.0473'1 0508/1 .0543]1.0578)1.0613) 4] 7/11/14)18 
2.9|1.0647|1.0682]1.0716/1.0750|1.0784/1.08181.0852/1.0886|1,0919)1.0953) 3) 7|10)14\17 
3.0/1.0986]1.1019]1.1053]1.1086]1.1119)1.1151)1, 1184/1. 1217/1. 1249)1.1282) a) 7|10/13|/16 
3.1/1. 1314)1.1346]1.1378]1.1410)1. 1442/1, 1474)1. 1506/1. 1537/1, 1569/1. 1600] 3] 6/10)13|16 
3.2/1. 1632]1.1663]1.1694}1.1725|1.1756)1.1787)1.1817|1. 1848)1, 1878)1.1909) 3] 6] 9)12)15 
3.3/1. 1939]1.1969]1.2000]1 2030/1. 2060)1. 2090}1.2119]1, 2149]1.2179)1.2208| 3) 6] 9/12/15 
3.4/1. 2238]1. 22671. 2296/1. 2326|1.2355|1.2384/1, 2413]1.9449'1 2470/1, 2499) 3] 6| 9/12|14 
3.5/1.2528]1. 2556/1. 2585/1 .2613]1, 2641/1. 2669)1. 2698]1 .2726|1 .2754|1, 2782) 3] 6| 8|i1/i4 
3.6|1.2809)1. 2837)1.2865]1.2892|1 .2920|1 2947/1. 2975/1. 3002/1, 8029/1.3056] 3) 5) 8)11\14 
3.7|1.3083)1.3110)1.3137/1.3164/1.3191)1.32181. 3244/1 .3271/1.3297/1.3324] 3) 6] 8/11/13 
3.8/1.3350]1 3376/1 .3403]1,3429]1. 3455/1. 3481/1 .3507\1 .3533/1.3558/1.3584| 3] 5] 8|10/13 
3.9|1.3610]1.3635]1.3661|1.3686]1.3712/1.3737|/1.3762\1.3788|1,3813/1.3838| 3] 5| gli0|18 
4.0|1.3863/1.3888/1.3913}1.3938!1.3962,1.3987)1.4012'1.40361.4061)1.4083] 2| 5| 7/10/12 
4.1]1.4110]1.4134/1.4159|1.4183]1.4207/1 4231/1 .4255/1,4279|1,4303/1.4397] 2| 5] 7|10/12 
4.2)1.4351/1.4375|1.4398]1 4422/1 4446/1 4469/1 .4493)1.45161,45401,4563| 2| 5] 7] 912 
4.3]1.4586]1.4609]1.4633]1.4656/1.4679/1.4702/1.4725/1.47481,47701.4793) 2| 5] 7| 9lil 
4.4/1.4816]1.4839/1.4861)/1.4884/1.4907/1. 4929/1 .4951/1.4974/1.499611.5019| 2] 4] 7] 9|11 

} | 

4.5/1. 5041)1. 5063/1. 5085/1. 5107/1. 5129)1.51511.51731.5195)1.5217)1.5239) 2| 4) 7| 9)11 
4.6)1. 5261/1. 5282/1. 5304/1. 5326/1 5347/1. 5369'1.53901.54121.5483)1.5454| 2) 4| 6| 9|11 
4.7|1.5476/1.5497/1.5518/1.5539)1.55601.55811. 5602/1 .5623)1.5644|1,5665| 2| 4) 6| 8\11 
4.8/1 5686/1 .5707|1.5728/1 5748/1, 5769|1.57901 58101 58311. 5851/1.6872| 2| 4] 6| 8/10 
4.9/1. 5892/1 .5913)1.5933)1.5953]1.59741.5994/1.6014'1.6034/1.60541.6074| 2| 4) 6) 8/10 
5.0|1.6094/1.6114/1.6134)1.6154|1.6174)1.61941.6214/1 623311 .6253/1.6273| 2| 4| 6| 8i10 
5.1)1.6292|1.6312|1.6332)1.6351 1.6371\1.6390)1.6409'1.6429|1.64481.6467| 2) 4 6] 8/10 
5.2|1 6487/1 6506/1. 6525/1 .6544/1 6563/1 .6582!1 6601/1 .6620/1.6639|1.6658| 2) 4| 6] 8/10 
5.3}1.6677)1.6696]1.6715|1.6734)1.6752)1.6771)1.6790/1.68081.682711.6845| 2] 4| 6| 71 9 
5.4]1.6864/1.6882|1.6901|1.6919]1.693811.695611.6974|1.6993|1.701111.7029| 2| 4| 6| 7| 9 
5.5)1.7047)/1.7066)/1.7084/1.7102|1.7120)1.71381.7156|1.7174|1.719211.7 

03 : | ; : .7210| 2) 4| 5] 7| 9 
5.6/1.7228/1.7246/1.7263)1.7281)1.7299|1.7317/1.7334/1.7352/1.73701.7387| 2| 4| 5] 7} 9 
5.7/1.7405)1.7422)1.7440)1.7457/1.7475|1.7492|1.7509|1.7527|1.7544/1.7561| 2| 3| 5] 7| 9 
5.8/1.7579)1.7596/1 7613/1. 7630/1.7647'1.7664/1 7681/1 .7699|1 .7716|1.7733| 2| 3] 5| 7| 9 
5.9)1.7750)1.7766|1.7783)1.7800)1.7817)1.7834|1.7851/1.7867|1.7884|1.7901| 2| 3] 5] 7/8 
Nal 10 1 2 3 4 5 6 i 8 9 sighs 

Prop. parts 
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a Table 22. Napierian Ingarithms—Continued 
7 Prop. parts 
N 0 1 2 3 4 5 6 i 8 9 
1) 2.3) 415 
6.0/1.7918/1 .7934}1.7951]1.7967\1 7984)1 .8001|1.8017\1.8034)1.8050)1.8066 2} 3] 5! 7] 8 
6.1)1.8083}1.8999/1.8116]1.8132/1 $1481. 8165]1 .8181)1.8197)1.8213/1.8229] 2] 3] 5 TS 
6 .2]/1.8245/1 .8262]1.8278/1.8294 1.8310)1.8326|1 . 8342/1 .8358/1.8374/1.8390] 2| 3] 5 6} 8 
6.3/1.8405]1.8421]1.8437/1.8453]/1.8469 1.8485/1. 8500/1. 8516/1. 8532/1 .8547] 2] 3] 5] 6| 8 
6.4/1 .8563]1.8579]1.8594/1.8610/1 8525)1 .8641)1.8656/1 . 8672/1. 8687/1.8703] 2] 3] 5] 6] 8 
6.5/1.8718]1.8733]1.87409]1.8764 1.8779)1.8795/1.8810)1.8825/1.8840/1.8856] 2] 3] 5] 6| 8 
6.6}1.8871]1.8886)1.8901/1.8916}1.8931/1 .8946]1 .8961/1.8976/1.8991/1.9006| 2 3] 5] 6] 8 
6.7|1.9021]1.9036]1.9051)1.9066/1.9081/1.9095/1.9110/1.9125/1.9140/1 9155) 1] 3} 4] 6) 7 
6.8/1.9169]1.9184/1.9199]1.9213]1.922811 9242/1 .9257/1.9272/1.9286]1.9301) 1 3), 4] 6) 7 
6.9/1.9315/1.9330}1.9344/1.9359]1.9373/1 .9387/1.9402/1.9416]1.9430/1.9445] 1/ 3] 4 Giineds 
7.0/1.9459]1 .9473)/1 .9488/1.9502}1.9516)1.9530/1 9544/1 .9559/1.9573/1.9587| 1] 3] 4! 6 if 
-7.1/1.9601/1.9615]1.9629]1.9643}1 .9657/1.9671]1.9685/1 .9699|1.9713]1.9727] 1] 3] 4] 6 ‘4 
7.2/1.9741]1.9755]1.9769)1 .9782/1.9796|1 .9810/1.9824]1 .98381.9851]1.9865) 1] 3] 4] 6] 7 
7.3/1.9879]1.9892}1.9906]1 .9920/1 .9933]1 .9947/1.9961/1.9974/1.9988/2.0001| 1] 3) 4] 5] 7 
7.4/2 .0015/2 .0028)2.0042/2.0055/2 .0069/2 0082/2 .0096/2 .0109/2.0122/2.0136] 1] 3] 4| 5] 7 
7.5/2 .0149|2.0162/2.017C/2.0189/2.0202)2 .0215)2.0229/2 0242/2 .0255/2.0268] 1] 3] 4] 5] 7 
7.6\2.0281/2.0295/2 .0308/2.0321|2 0334/2 .0347|2.0360|2.0373/2.0386/2.0399] 1] 3] 4] 5] 7 
 7.7\2.0412/2 .0425/2.0438]2.0451!2 0464 2. 0477/2 .0490,2.0503)2.0516)2.0528 1} 3) 4) 5) 6 
7.8)2.0541/2 .0554|2 .0567|2.0580/2.0592'2.0605/2.0618/2.0631!2.0643/2.0656] 1] 3] 4| 5] 6 
7.9/2 .0569/2.0681|2.0694|2.0707|2.0719|2.0732/2.0744/2.0757/2.0769/2.0782] 1] 3] 4] 5| 6 
8.0/2 .0794/2.0807/2.0819|2 .0832)2 .0844/2 .0857|2 .0869|2.0882/2.0894/2.0906] 1] 2] 4] 5| 6 
8.1/2 .0919/2.0931/2.0943/2 .0956/2.0968 2.0980/2.0992/2.1005/2.1017/2.1029] 1} 2! 4] 5] 6 
8.2/2.1041/2.1054/2.1066/2.1078)2.1090/2.1102)2.1114/2.1126)2.1138/2.1150] 1] 2] 4] 5! 6 
8.3/2.1163/2.1175/2.1187/2.1199/2. 1211/2. 1223/2. 1235/2. 1247/2. 1258/2.1270) 1] 2] 4] 5) 6 
8.4/2. 1282/2 .1294/2.1306)/2.1318/2.1330)2.1342/2. 1353/2. 1365/2. 1377/2.1389] 1] 2] 4] 5] 6 
8.5)2.1401/2.1412/2. 1424/2 .14386/2.1448'2.1459/2. 1471/2. 1483/2. 1494/2.1506] 1] 2] 4] 5] 6 
8.6/2.1518/2.1529/2.1541/2.1552)2.1564/2.1576/2 1587/2.1599)2. 16102 1622) 1] 2) 3} 5) 6 
8.7/2. 1633/2.1645)2.1656/2.1668|2.1679|2.1691/2 17022.1713)2.17252 1736) 1) 2] 3) 5) 6. 
8.8/2.1748]2.1759/2.1770/2.1782/2.1793/2. 1804)2.1815/2. 1827|2.1838/2.1849) 1! 2) 3] 5I 6 
8.9/2.1861/2.1872/2.1883/2.1894/2.1905|2.1917|2, 1928/2. 1939/2.1950/2.1961) 1) 2] 3] 4] 6 
9.0|2.1972|2.1983|2.1994|2.2006]2. 2017|2. 2028/2. 2039/2. 2050!2.2061/2.2072] 1] 2| 3] 4] 6 
9.112 .2083/2 2094/2. 2105/2.2116|2.2127)/2.21382. 214812. 2159/2.2170|2.2181] 1| 2] 3] 4! 5 
9.2/2. 2192/2. 2203/2 .2214)]2.2225 2.2235)2, 2246/9 2257/2 2268/2. 2279/2 .2289| 1} 2] 3) 4) 5 
9.3/2. 2300/2. 2311/2. 2322/2. 2332/2 2343/2 2354/2 .2364|2.2375/2.2386 2.2396) 1| 2| 3] 4] 5 
9.4/2. 2407|2.2418|2.2428]2.2439]2.2450|2.2460|2.2471|2.2481|2 2492/2 2502 1| 2| 3] 4] 5 
9.5/2. 2513/2. 2523/2.2534/2 2544/2. 2555)2. 2565)2 . 2576)2 . 25862. 2597|\2.2607| 1) 2} 3] 4) 5 
9.6/2 .2618|2 2628/2. 2638|2. 2649/2. 2659/2. 2670|2. 26802. 2690/2.2701/2.2711] 1] 2] 3] 4| 5 
9.7/2. 2721/2 . 2732/2. 2742/2. 2752/2 .2762)2.2773)/2. 2783/2. 2793/2 .2803/2.2814] 1} 2) 3] 4) 5 
9 8/2. 282412 2834/2 .2844/2.2854/2 . 2865/2 . 2875/2 . 2885/2. 2895/2 .2905/2.2915) 1} 2) 3) 4| 5 
9.9/2. 2925/2. 2935/2.2946/2.2956|2. 2966/2. 2976/2 . 2986/2 .2996)2.3006)2.3016) 1} 2) 3) 4| 5 


Table 23. Napierian logarithms of powers of 10 


uU Nap. log. 10% u Nap. log. 10¥ Nap. log. 104% u Nap. log. 10¥ 


4: 


eR 


2.5 5.756 463 5.0 11.512 925 7.5 17 .269 388 
os ey a 3.0 6.907 755 5.5 12.664 218 8.0 18.420 681 
1.0 2.302 585 3.5 8.059 048 6.0 13.815 511 8.5 19.571 973 
1.5 8.453 878 4.0 9.210 340 6.5 14.966 803 9.0 20 eee 
2.0 4.605 170 4.5 | 10.361 633 7.0 16.118 096 9.5 21.874 558 
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Table 24. Three halves powers, numbers 1.00-4.49 5 ie 
EE EERE IS En EL Sn en a. E, 
Prop. parts 
N 0 i 2 3 4 5 6 7 8 9 
1/2/3455 
1.0] 1.000} 1.015] 1.030] 1.045) 1.061) 1.076) 1.091] 1.107) 1.122) 1.138) 2] 3) 5) 6) 8 
1.1] 1.154} 1.169} 1.185] 1.201] 1.217) 1.233) 1.249] 1.266) 1.282) 1.298) 2) 3) 5) 6} 8 
1.2] 1.315} 1.331] 1.348] 1.364] 1.381] 1.398) 1.414) 1.431] 1.448] 1.465] 2) 3) 5 7| 8 
1.3] 1.482] 1.499) 1.517] 1.534] 1.551] 1.569) 1.586] 1.604) 1.621] 1.639] 2} 3} 5) 7| 9 
1.4] 1.657] 1.674) 1.692] 1.710] 1.728] 1:746) 1.764] 1.782) 1.800) 1.819] 2) 4} 5) 7| 9; 
1.5] 1.837] 1.856] 1.874] 1.893] 1.911) 1.930) 1.948] 1.967] 1.986) 2.005) 2| 4| 6) 7 9 
1.6] 2.024) 2.043] 2.062] 2.081] 2.100) 2.119) 2.139] 2.158) 2.178) 2.197] 2) 4| 6| 8/10 — 
1.7| 2.217) 2.236] 2.256] 2.275! 2.295) 2.315) 2.335) 2.355) 2.375) 2.395) 2) 4/6) 3/10 
1.8] 2.415] 2.435] 2.455] 2.476] 2.496) 2.516) 2.537) 2.557) 2.578) 2.598] 2) 4] 6| 3/10 
1.9] 2.619] 2.640] 2.660] 2.681] 2.702) 2.723) 2.744) 2.765) 2.786) 2.807) 2) 4] 6| 8/10 
2.0) 2.828) 2 850 2.871) 2.892] 2.914) 2.935) 2.957) 2.978) 3.000) 3.021; 2! 4| 6} 911 
9.1) 3.043) 3.065) 3.087| 3.109] 3.131] 3.153] 3.175) 3.197} 3.219) 3.241] 2) 41 7) 910 
2.2) 3.263] 3.285] 3.308! 3.330) 3.353) 3.375) 3.398] 3.420) 3.443] 3.465) 2) 4] 7) 911 
2.3) 3.488] 3.511) 3.534! 3.557) 3.580) 3.602) 3.626) 3.649) 3.672) 3.695) 2! 5| 7| 911 
2.4| 3.718| 3.741] 3.765) 3.788] 3.811) 3.835) 3.858] 3.882) 3.906) 3.929) 2) 5| 7) 9112 
2.5) 3.953] 3.977) 4.000) 4.024) 4.048 4.072) 4.096) 4.120) 4.144) 4.168) 2) 5} 7|10)12 
2.6| 4.192) 4.217) 4.241) 4.265] 4.289] 4.314] 4.338] 4.368] 4.387) 4.412) 2| 5) 7|10|12 
2.7| 4.437) 4.461) 4.486] 4.511] 4.536) 4.560) 4.585) 4.610) 4.635) 4.660) 2) 5| 7)10/12 
2.8| 4.685} 4.710} 4.736] 4.761] 4.786) 4.811) 4.837] 4.862) 4.888) 4.913) 3) 5} 8|10)13 
2.9) 4.989) 4.964) 4.990} 5.015) 5.041) 5.067) 5.093) 5.118) 5.144) 5.170) 3) 5) 8)10)13 
3.0) 5,196) 5.222) 5.248)°5.274) 5.300) 5.327) 5.353) 5.379] 5.405) 5.4382) 3) 5) Silt 
3.1) 5.458) 5.485] 5.511) 5.538] 5.564) 5.591) 5.617| 5.644) 5.671) 5.698) 3) 5) 8)11/18 
3.2) 5.724) 5.751) 5.778) 5.805) 5.832) 5.859) 5.886, 5.913) 5.940 5.968) 3) 5} 8})11)14 
3.3] 5.995) 6.022) 6.049) 6.077] 6.104) 6.132) 6.159) 6.186 6.214 6.242! 3) 5] 8/11/14 
3.4| 6.269) 6.297] 6.325] 6.352] 6.380) 6.408) 6.436) 6.464) 6.492) 6.520) 3] 6] 8/11/14 
3.5) 6.548) 6.576] 6.604) 6.632) 6.660) 6.689) 6.717, 6.745) 6.774, 6.802! 3] 6] 8)11/14 
3.6} 6.831) 6.859) 6.888) 6.916] 6.945) 6.973) 7.002, 7.031) 7.059 7.088) 3} 6) G\11)14 
3.7) 7.117) 7.146) 7.175) 7.204) 7.233) 7.262) 7.291) 7.320) 7.349) 7.378) 3) 6] 9112/15 
3.8] 7.408) 7.437| 7.466) 7.495] 7.525) 7.554 7.584, 7.613) 7.643) 7.672) 3) 6) 9)12|15 
3.9) 7.702) 7.732| 7.761) 7.791| 7.821] 7.850] 7.880, 7.910) 7.940) 7.970) 3| 6] 9/12/15 
: 4.0} 8.000} 8.030} 8.060) 8.090} 8.120) 8.150) 8.181) 8.211) 8.241) 8.272) 3) 6) 9/12/15 
4.1) 8.302) 8.332) 8.363) 8.398) 8.424) 8.454) 8.485) 8.515) 8.546] 8.577) 3) 6| 9/12/15 
4.2) 8.607| 8.638) 8.669} 8.700] 8.731) 8.762) 8.793) 8.824) 8.855) 8.886) 3) 6] 9/12/15 
4.3) 8.917) 8.948) 8.979] 9.010) 9.041) 9.073) 9.104) 9.135) 9.167) 9.198) 3) 6] 9/12/16 
, 4.4) 9.230) 9.251] 9.293) 9.324) 9.356) 9.387) 9.419) 9.451] 9.482 9.514) 3) 6] 9/13/16 
f | | i i 
| 
Three halves powers, numbers 0-99 
j s 
N 0 1 2 3 4 5 6 7 8 9 
' 0.000 | 1.000 | 2.828 | 5.196 | 8.000 | 11.18 | 14.70 | 18.52 | 22.63 | 27.00 
i 1 31.62 | 36.48 | 41.57 | 46.87 | 52.38 | 58.09 | 64.00 | 70.09 | 76.37 | 82.82 
i 2 SOn4e | 96R23 910 L032: > 10S set eG) ed 25) On) 826 140.3 148.2 | 156.2 
i 3 164.3 | 172.6 | 181.0 | 189.6 | 198.3 | 207.1.| 216.0 | 225.1 | 234.2 | 243.6 
u 4 253.0 | 262.5 | 272.2 | 282.0 | 291.9 | 301.9 | 312.0 | 322.2 | 332.6 | 343.0 
i 
H 5) 353.6 | 364.2 | 375.0 | 385.8 | 396.8 | 407.9 | 419.1 | 430.3 | 441.7 | 453.2 
ti) 6 464.8 | 476.4 | 488.2 | 500.0 | 512.0 | 524.0 | 536.2 | 548.4 | 560.7 | 573.2 
i 1a 585.7 | 598.3 | 610.9 | 623.7 | 636.6 | 649.5 | 662.6 | 675.7 | 688.9 | 702.2 
ti 8 | 715.5 | 729.0 | 742.5 4 756.2 | 769.9°| 783.7 | 797.5 | S1d.5 | 895.5 | S3on6 
[ 9 853.8 | 868.1 | 882.4 | 896.9 | 911.4 | 925.9 | 940.6 | 955.3 | 970.2 | 985.0 
i ee 
4 
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Table 25. Fifth powers, numbers 1.0-9.9 


Se ame Demy ee selene e ae NAB tai SO eae Ba oneal ices a) 


1.0000) 1.6105) 2.4883) 3.7129] 5.3782) 7.5938] 10.486] 14.199] 18.896] 24.761 
32.000} 40.841) 51.536] 64.363) 79.626] 97.656) 118.81] 143.49] 172.10] 205.11 
335.54) 391.35} 454.35) 525.22) 604.66] 693.44] 792.35] 902.24 
1024.0} 1158.6) 1306.9] 1470.1] 1649.2) 1845.3] 2059.6) 2293.5] 2548.0] 2824.8 


3125.0} 3450.3) 3802.0} 4182.0} 4591.7] 5032.8) 5507.3] 6016.9] 6563.6] 7149.2 
7776 .0| 8446.0} 9161.3) 9924.4] 10737 | 11603 | 12523 | 13501 | 14539 | 15640 
16807 |-18042 | 19349 | 20731 | 22190 | 23730 | 25355 | 27068 | 28872 | 30771 
32768 | 34868 | 37074 | 39390 | 41821 | 44371 | 47043 | 49842 | 52773 | 55841 
59049 | 62403 | 65908 | 69569 | 73390 | 77378 | 81537 | 85873 | 90392 | 95099 


COND PRwhdyH | 2 
wo 
rs 
9 
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is) 
to 
o 
re) 
to 
Re) 


Table 26. Five halves powers, numbers 1-99 


N 0 iL 2 3 4 5 6 7 8 9 

10) 1.000) || 12269 | 1.577 | 1.927 | 2.319 | 2.756 | 3.238 | 3.768 |-4.347 | 4.976 
2.0! 5.657 | 6.391 | 7.179 | 8.023 | 8.923 | 9.882 | 10.90 |} 11.98 |.13.12 | 14.32 
3.0} 15.59 | 16.92 | 18.32 | 19.78 | 21.32 | 22.92 | 24.59 | 26.33 | 28.15 | 30.04 
4.0) 32.00 | 34.04 | 36.15 | 38.34 | 40.61 | 42.96 | 45.38 | 47.89 | 50.48 | 53.15 
5.0} 55.90 | 58.74 | 61.66 | 64.67 | 67.76 | 70.94 | 74.21 | 77.57 | 81.02 | 84.55 
6:0) $8.18 | 91.90 } 95.71 | 96.62 | 103.6 | 107.7 | 111.9 | 116.2 | 120.6 | 125.1 
7.0} 129.6 | 134.3 | 139.1 | 144.0 } 149.0 | 154.0 }] 159.2 | 164.5 | 169.9 | 175.4 
8.0) 181.0 | 185.7 | 192.5 | 198.5 | 204.5 | 210.6 | 216.9 | 223.3 | 229.7 | 236.3 
9.0) 243.0 | 249.8 | 256.7 | 263.8 | 270.9 | 278.2 | 285.5 | 293.0 | 300.7 | 308.4 


316.2 | 401.3 | 498.8 | 609.3 | 733.4 | 871.4 | 1024 1192 1375 1574 
1789 2021 2270 2537 2822 3125 3447 3788 4149 4529 
5793 6256 6741 7247 7776 8327 8901 9499 
10119 | 10764 | 11432 | 12125 | 12842 | 13584 | 14351 | 15144 | 15963 | 16807 


moh ee 
HS 
io} 
oo 
=} 
Or 
oo 
Or 
ae 


17678 | 18575 | 19499 | 20450 | 21428 | 22434 | 23468 | 24529 | 25619 | 26738 
27885 | 29062 | 30268 | 31503 | 32768 | 34063 | 35388 | 36744 | 38130 | 39548 
43988 | 45531 | 47106 | 48714 | 50354 | 52027 | 53732 | 55471 
57243 | 59049 | 60888 | 62762 | 64669 | 65611 | 68588 | 70599 | 72645 | 74727 
76843 | 78996 | 81184 | 83408 | 85568 | 87965 | 90298 | 92668 | 95075 | 97519 


OONDa 
» 
So 
ie) 
ive) 
[o>) 
i 
iw) 
ns 
“J 
lor) 


| 


Table 27. Fifth roots and two-fifths powers 


n ns n% n ns n% n nis ny n nis nY% 
0.01) .3981 | .1585 |/0.65} .9175 | .8417 || 7.5) 1.496 | 2.239 || 85 | 2.432 5.912 
02) .4573 | .2091 .70} .9311 | .8670 || 8.0} 1.516 | 2.297 || 90 | 2.460 6.049 
03} .4959 .2460 .75| .9441 8913 8.5) 1.534 | 2.354 95 | 2.486 6.181 
O41 5253 ¢|— 22759 .80} .9564 | .9146 |) 9.0) 1.552 | 2.408 ||100 | 2.512 6.310 
05) .5493 | .3017 ,85| .9680 | .9371 || 9.5) 1.569 | 2.461 ||150 | 2.724 if On| 
06} .5697 | .3245 .90} .9791 | .9587 ||10 1.585 | 2.512 |/200 | 2.885 8.326 
<07| .5857 | .3452 .95| .9898 | .9797 ||15 1.719 | 2.954 |}250 | 3.017 9.103 
08} .6034 | .3641 |/1.0 |1.000 {1.000 |/20 1.821 | 3.314 |/300 | 3.129 9.791 
09] .6178 | .3817 ||1.5 |1.085 |1.176 |/25 1.904 | 3.624-|/350 | 3.227 | 10.41 
0.10) .6310 | .3981 |/2.0 |1.149 |1.320 |/30 1.974 | 3.898 |/400 | 3.314 | 10.99 
-15] .6843 .4682 |/2.5 |1.201 {1.443 35 2.036 | 4.146 |/450 | 3.393 | 11.52 
20) .7248 | .5253 |/3.0 |1.246 {1.552 |/40 2.091 | 4.373 ||500 | 3.466 | 12.01 
Q5IPET579 | 5743 \13.5 |L.280 |1 661 45 2.141 | 4.584 -|/550 | 3.532 | 12.48 
30| .7860 | .6178 ||4.0 |1.320 |1.741 50 2.187 | 4.782-|/600 | 3.594 | 12.92 
35} .8106 | .6571 |/4.5 |1.351 |1.825 |/55 2.229 | 4.968 ||650 | 3.652 | 13.34 
40| .8326 | .6931 ||5.0 |1.380 |1.904 ||/60 2.268 | 5.144 .|/700 | 3.707 | 13.74 
45] .8524 | .7266 |/5.5 {1.406 [1.978 |/65 2,305 | 52311 1/750"! 3.5758 | 14.13 
.50! .8706 | .7579 ||6.0 |1.431 |2.048 ||70 2.339 | 5.471 ||800 | 3 807 14.50 
55| .8873 | .7873 ||6.5 |1.454 |2.114 |/75 2.371 | 5.624 |/850 | 3.854 14 85 
60) .9029 8152 ||7.0 |1.476 |2.178 |/80 2.402 | 5.771 ||900 | 3.898 | 15.19 
= ee Sp i nS meer SARTRE Ae A a OE ER, 
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Table 28. Equivalent parts of feet, inches and millimeters 


Inches Feet Inches Feet 
Mm. Mm. 
Frac- Deci- | Frac- | Deci- Frac- Deci- | Frac- | Deci- 
tion mal tion mal tion mal tion mal 
Yo OBOG25 7 eee see 0.0052 1.588]| 5%6 S AST Seles ts 0.2865 87.313 
% OMi250 |e 0.0104 3.175|| 3% SP 5000 eee 0.2917 88.900 
Heo 0.1875 Ya 0.0156 4.763|| 3%6 3.5625 | 1%4 | 0.2969 90.488 
A 052500 on. 5 8 0.0208 6.350]| 35% 36200) |e pier 0.3021 92.075 
546 OuSI25 sacs: 0.0260 7-938)|+3 Vie | 3/6879 7. 0.3073 93.663 
3% 0.3750 Vso 0.0312 9.525|| 334 3.7500 46 0.3125 95.250 
6 Oa Soe leh oi 0.0365 TP ALSN E3236. eos SlLoe |aeenae 0.3177 96.838 
YY O55000S 55: 0.0417 12.700|| 3% SSO meee 0.3229 98.425 
eo 0.5625 364 0.0469 14.288]| 31546 | 3.9375 | 214 | 0.3281 | 100.013 
% ORG250 ees. 0.0521 15.875 
TAG p POL OSMon es cus « 0.0573 17.463]| 4 CEOXOLO) fhe oo 0.3333 | 101.600 
34 0.7500 Yeo 0.0625 19.050|| 4M%6 A OG25s ieee cer 0.3385 | 103.188 
Wie 0), 8125: |... - 0.0677 20.638]! 4% 4.1250 | 1442 | 0.3437 | 104.775 
K% OP S700) hs icns<.. 0.0729 22.225)! 4346 AUST S: Weenies 0.3490 | 106.363 
15{6 | 0.9375 564 0.0781 23.813]| 41% AR Q5OOM ee 0.3542 | 107.950 
4546 4.3125 | 2364 | 0.3594 | 109.538 
1 Te OOOO mae 0.0833 25.400|| 434~ | 4.3750 |...%,..) 0.3646 | 111.125 
lie IROGZ5 Ne eo 0.0885 26.988|| 47ic AVASTIO [heverten te 0.3698 | 112.713 
1\% 1.1250 342 0.0937 28.575|| 414% 4.5000 3% 0.3750 | 114.300 
1346 (GES on | seca 0.0990 30.163]| 4%6 ASO 25 alee Ss 0.3802 | 115.888 
1\% Ae 2500 Te ante 0.1042 31.750|| 454 AS O2Q50 Noe nes 0.3854 | 117.475 
1546 S25 4 0.1094 33.338]| 41146 | 4.6875 | 2564 | 0.3906 | 119.063 
1% POTD O) eh ca 0.1146 34.925|| 434 Ay TOOO eee ae 0.3958 | 120.650 
1X6 | SHA al le hee Ss 0.1198 86.513}| 41346 | 4.8125 |...... 0.4010 | 122.238 
1% 1.5000 y¥% 0.1250 38.100]| 4% 4.8750 | 1342 | 0.4062 | 123.825 
1%6 oats io A ee np 0.1302 39.688]| 41546 OS 7 Osten See 0.4115 | 125.413 
1% NVA eee 0.1354 Al 1275 
116 1.6875 %64 0.1406 42.863]! 5 5.0000 bears 0.4167 | 127.000 
1% ie OOO |earnm 2 0.1458 44.450]| 546 5.0625 2764 0.4219 128.588 
HG Wed S125 Wo... oe 0.1510 46.038]| 5% Sed 2500 leprae 0.4271 | 130.175 
1% 1.8750 542 0.1562 46 .625|| 5346 BotS7 Sess 0.4323 | 131.763 
VISE VAL OSTS | ec... 0.1615 49 .213]| 514 5.2500 He 0.4375 || 1383-850 
5546 OnoL25al eee 0.4427 | 134.938 
2 20000 ar, 0.1667 50.800]| 53% Oe O00 marten 0.4479 | 136.525 
! 26 2.0625 | 1%4 | 0.1719 52.388|| 5746 5.4375 | 2%4 | 0.4531 | 138.113 
. 2% 2 OOS ae ores Ont 53.975|| 5% OOOOH Oe mare, 0.4583 | 139.700 
2346 Drei iey (aval Reo conn 0.1823 55.563]| 5% BOS. I ae 0.4635 | 141.288 
2% 2.2500 346 | 0.1875 |. 57.150]| 55% 5.6250 | 1542 | 0.4687 | 142.875 
206 ALLO Mrs, otis 0.1927 58.738]| 5146 | 5.6875 |...... 0.4740 | 144.463 
2% PCA Un | eae iol 0.1979 60.325|| 534 GOON | Bsthio oor 0.4792 | 146.050 
26 2.4375 | 1364 | 0.2031 61.913]} 51346 | 5.8125 | 3144 | 0.4844 | 147.638 
24% PDO OR eects 0.2083 63.500|| 5% SS 7O0 ule nna 0.4896 | 149.225 
2%6 DROOL) Ila ieicts 0.2135 65.088]| 51546 | 5.9375 |...... 0.4948 | 150.813 
| 25% 2.6250 | %2 | 0.2187 | 66.675 
| DLV ig me FOS TO hate. sks,¢ 0.2240 68.263]| 6 6.0000 uy 0.5000 | 152.400 
234 DEO OO ieee ars 0.2292 69.850]| 6Me (RCD Ne ee be 0.5052 | 153.988 
| 21346 | 2.8125 | 1564 | 0.2344 71.438|| 6% CAL2AS OB eran. 0.5104 | 155.575 
2% QS VOOM kien. 0.2396 73.025|| 6346 6.1875 | 3364 | 0.5156 | 157.163 
ORNS Cine NEPARS BY ayo] lena 0.2448 74.613]| 614 652500 Fe. 6 0.5208 | 158.750 
6546 G2S1257 |Get 0.5260 | 160.338 
3 3.0000 oA 0.2500 76.200/| 63% | 6.3750 | 1742 | 0.5312 | 161.925 
36 SROGZO Vcr 0.2552 77 .788|| 6746 OX43 75s oe 0.53865 | 163.513 
| 3% Bid ZOOS aan 0.2604 79.375|| 614% TOO peta 0.5417 | 165.100 
36 3.1875 | 1764 | 0.2656 80.963]| 6%6 6.5625 | 3564 | 0.5469 | 166.688 
| 3% SOOO Meneses 0.2708 82.550|| 65% 6.6250 |......| 0.5521 | 168.275 
3546 Seol2Z5|mesee 0.2760 84.138]| 61%6 | 6.8750 |...... 0.5573 | 169.863 
3% 3.3750 %o 0.2812 85.725|| 634 6.7500 %o 0.5625 | 171.450 
i 


| Art. 75. FEET, INCHES, MILLIMETERS 1487 
Table 28. Equivalent parts of feet, inches and millimeters—Continued 
Inches Feet Inches Feet 
Mm. Mn. 
Frac- Deci- | Frac-} Deci- Frac- Deci- | Frac-| Deci- 
tion mal tion mal tion mal tion mal 
C2376. 4 16.8125 Pe... 2. 0.5677 | 173.038]| 9746 G2437D) ees 0.7865 | 239.713 
6% B2S750iN 5. oe. 0.5729 | 174.625]| 914 Qe SOOO" fer ee 0.7917 | 241.300 
61546 | 6.9375 | 3764 | 0.5781 | 176.213]| 9%6 9.5625 | 5164 | 0.7969 | 242.888 
95% 9P6250) ie nee 0.8021 | 244.475 
7 ( O000 Wee sce 0.5833 | 177.800}| 91%6 | 9.6875 |...... 0.8073 | 246.063 
Tie TRACU PISS bee ek 0.5885 | 179.388]| 934 9.7500 13%{6 | 0.8125 | 247.650 
7% 7 +1250 1942 | 0.5937 | 180.975|| 913{e | 9.8125 |...... 0.8177 | 249.238 
TA6 Ups AES TED wall Pre cietene 0.5990 | 182.563]] 9% DS TOOF | cere 0.8229 | 250.825 
74 TOU tere chat 0.6042 | 184.150]} 91546 | 9.9375 5364 | 0.8281 | 252.413 
TA6 7.3125 | 3%a4 | 0.6094 | 185.738 
7% Ti OhOON\arcne sue < 0.6146 | 187.325]| 10 LOZOQ000 We hacues 0.8333 | 254.000 
Tie Gea Sadist ae 0.6198 | 188.913]| 10M%6 |10.0625 |...... 0.8385 | 255.588 
7% 7.5000 5% 0.6250 | 190.500]| 104% + |10.1250 | 2742 | 0.8437 | 257.176 
7Ve MER OO LODO Aare 0.6302 | 192.088]| 1036 {10.1875 |...... 0.8490 | 258.763 
7% MROZ DOG seals 0.6354 | 193.675]! 1014 1052500 fs. ose 0.8542 | 260.351 
T4146 | 7.6875 | 44 | 0.6406 | 195.263]| 10546 |10.3125 | 55é4 | 0.8594 | 261.938 
734 CEROOO: Wis Bias: 0.6458 | 196.850)| 103 /|10.3750 |...... 0.8646 | 263.526 
AKG Nil «SL 2D se cce cies 0.6510 | 198.488]| 10716 |10.4375 |...... 0.8698 ; 265.113 
7% 7.8750 | 242 | 0.6562 | 200.025]| 10144 |10.5000 % 0.8750 | 266.701 
THe | 7.9375 |... 0.6615 | 201.613]| 10%6 {10.5625 |......] 0.8802 | 268.288 
10% MO LG ZOO aleve a 0.8854 | 269.876 
8 SHOOOO Pe sei. cc 0.6667 | 203.200)| 10146 |10.6875 5764 | 0.8906 | 271.463 
86 8.0625 | 4364 | 0.6719 | 204.788]| 1034 |10.7500 |...... 0.8958 | 273.051 
84% SEADOO Mec tae 0.6771 | 206.375)| 101%6@ |10.8125 |...... 0.9010 | 274.638 
8346 Sp LSP Wr Nears eos 0.6823 | 207.963]| 10% 10.8750 2940 0.9062 | 276.226 
814 8.2500 1M{g | 0.6875 | 209.550] 101546 |10.9375 |...... 0.9115 | 277.813 
8%6 (oops LLP) oan | eens 0.6927 | 211.138 
8% BSROVOOL Maree are 0.6979 | 212.725]| 11 WIOOOO! Is 2 bres 0.9167 | 279.401 
8%6 8.4375 | 4564 | 0.7031 | 214.3813]| 11M%6. |11.0625 | 5%4 | 0.9219 | 280.988 
8% BeOCOO? tevi cs 0.7083 | 215.900]} 11% ci Oa B's (0d eerie 0.9271 | 282.576 
8%e SEDOZON lise «aes 0.7135 | 217.488}| 11316 |11.1875 |...... 0.9323 | 284.163 
. 8% 8.6250 | 2342 0.7187 | 219.075}} 11144 11.2500 1546 | 0.9875 | 285.751 
816 BOSOM ae ate eas 0.7240 | 220.663)) 11546 |11.3125 |...... 0.9427 | 287.338 
834 tT OO RN sea ie = 0.7292 | 222.250]| 11% a DD Recess) OM te a 0.9479 | 288.926 
81346 8.8125 4764 | 0.7344 | 223.838]| 11%i6 |11.4375 | 64 | 0.9531 | 290.513 
8% BOLO rcs Ze va 0.7396 | 225 405-116 11 5000 |... 3 0.9583 | 292.101 
GLOK6- 1 8.9370 ane. -- 0.7448 | 227.013)| 11%6 {11.5625 |...... 0.9635 | 293.688 
11% 11.6250 | 3442 | 0.9687 | 295.276 
9 9.0000 34 0.7500 | 228.600]| 11146 |11.6875 |...... 0.9740 | 296.863 
io 9.0625 |...... Ono 2 eos eee tes. 5 | Lie o0On lee eas 0.9792 | 298.451 
9% (2) 2510 ee os 0.7604 | 231.775 111346 11.8125 | 6364 | 0.9844 | 300.038 
9346 9.1875 4964 | 0.7656 | 233.363] 117% |11.8750 |...... 0.9896 | 301.626 
. 944 Oe 2500M |. pam cts 0.7708 | 234.950]| 111546 }11.9375 |...... 0.9948 | 303.213 
| 9546 (ee DAE | ae ree 0.7760 | 236.538 
9% 9.3750 | 2542 | 0.7812 | 238.125]| 12 12.0000 1 1.0000 304.801 
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Table 29. Compound interest. Amount of one dollar 


Yr.| 24% 3% 34% 4% 444% 5% 6% 8% 10% 
1 | 1.02500! 1.03000} 1.03500} 1.04000} 1.04500] 1.05000} 1.06000) 1.08000/1. 10000 
2 | 1.05062) 1.06090] 1.07122] 1.08160) 1.09203] 1.10250) 1.12360] 1.16640/1.21000 
3 | 1.07689] 1.09273] 1.10872] 1.12486] 1.14117] 1.15763) 1.19102) 1.25971/1.33100 
4 | 1.10381] 1.12551] 1.14752] 1.16986] 1.19252) 1.21551) 1.26248/ 1.36049|1.46410 
5 | 1.13141] 1.15927] 1.18769] 1.21665] 1.24618} 1.27628) 1.33823] 1.46933/1.61051 
6 | 1.15969] 1.19405} 1.22926} 1.26532] 1.30226) 1.34010} 1.41852) 1.58687|1.77156 
7 | 1.18869] 1.22987] 1.27228] 1.31593] 1.36086] 1.40710) 1.50363] 1.71382)1.94872 
8 | 1.21840] 1.26677] 1.31681] 1.36857] 1.42210} 1.47746) 1.59385] 1.85093)2. 14359 
9 | 1.24886] 1.30477] 1.36290] 1.42331] 1.48610] 1.55133) 1.68948} 1.99900|2.35795 
10 | 1.28008] 1.34392] 1.41060) 1.48024] 1.55297) 1.62889) 1.79085) 2.15892)/2. 59374 
11 | 1.31209] 1.38423] 1.45907) 1.53945] 1.62285) 1.71034} 1.89830] 2.33164|2.85312 
12 | 1.34489] 1.42576] 1.51107] 1.60103] 1.69588] 1.79536) 2.01220) 2.51817/3.13843 
13 | 1.37851] 1.46853] 1.56396] 1.66507] 1.77220) 1.88565] 2.13293] 2.71962)3.45227 ~ 
14 | 1.41297]:1.51259] 1.61869} 1.73168] 1.85194, 1.97993] 2.26090] 2.93719|3.79750 
15 | 1.44830] 1.55797] 1.67535] 1.80094] 1.93528] 2.07893] 2.39656] 3.17217|4.17725 
16 | 1.48451] 1.60471) 1.73399] 1.87298] 2.02237] 2.18287) 2.54035] 3.42594)/4. 59497 
17 | 1.52162) 1.65285] 1.79467) 1.94790} 2.11338] 2.29202) 2.69277) 3.70002|5.05447 
18 | 1.55966] 1.70243] 1.85749] 2.02582] 2.20848] 2.40662] 2.85434] 3.99602|5. 55992 
19 | 1.59865} 1.75351] 1.92250) 2.10685} 2.30786] 2.52695) 3.02550] 4.31579/6.11591 
20 | 1.63862] 1.80611] 1.98979] 2.19112) 2.41171] 2.65330] 3.20714] 4.66096|6.72750 
21 | 1.67958] 1.86029] 2.05943] 2.27877| 2.52024) 2.78596] 3.39956] 5.03383/7.40025 
22 | 1.72157) 1.91610) 2.13151] 2.36992] 2.638365) 2.92526) 3.60354! 5.43654/8. 14027 
23 | 1.76461] 1.97359] 2.20611] 2.46472) 2.75217] 3.07152] 3.81975] 5.87146/8.95430 
24 | 1.80873] 2.03279] 2.28333] 2.56330] 2.87601] 3.22510] 4.04893] 6.34118)9 .84973 
25 | 1.85394] 2.09378] 2.36324] 2.66584} 3.00543) 3.38635) 4.29187) 6.84848]/10.8347 
26 | 1.90029) 2.15659] 2.44596] 2.77247) 3.14068) 3.55567) 4.54938) 7.39635/11.9182 
27 | 1.94780] 2.22129) 2.53157] 2.88337) 3.28201] 3.73346] 4.82235) 7.98806/13.1100 
28 | 1.99650] 2.28793] 2.62017] 2.99870] 3.42970) 3.92013) 5.11169] 8.62711|14.4210 
29 | 2.04640} 2.35657] 2.71188] 3.11865] 3.58404) 4.11614) 5.41839) 9.31727/15. 8631 
30 | 2.09757| 2.42726] 2.80679] 3.24340] 3.74532) 4.32194) 5.74349)10.0627 |17.4494 
31 | 2.15000} 2.50008] 2.90503] 3.37313) 3.91386} 4.53804) 6.08810|10.8677 |19.1943 
32 | 2.20376) 2.57508] 3.00671} 3.50806] 4.03998] 4.76494) 6.45339]11.7371 |21.1138 
33 | 2.25885] 2.65234] 3.11194] 3.64838] 4.27403) 5.00319) 6.84059)12.67C1 |23.2252 
34 | 2.31532] 2.73191} 3.22086] 3.79432) 4.46636] 5.25335) 7.25103|1E.6391 [25.5477 
35 | 2.373821] 2.81386] 3.33359] 3.94609] 4.66735) 5.51602) 7.68609)\14.7853 |28.1024 
36 | 2.43254) 2.89828) 3.45027} 4.10393) 4.87738] 5.79182) 8.14725)15.9682 |30.9127 
37 | 2.49335] 2.98523] 3.57103] 4.26809) 5.09686} 6.08141] 8.63609]17.2456 |34.0040 
38 | 2.53568) 3.07478} 3.69601] 4.43881) 5.32622) 6.38548) 9.15425)18.6253 |37.4043 
39 | 2.61957] 3.16703] 3.82537| 4.61637) 5.56590] 6.70475) 9.70351|20.1153 |41.1448 
£0 | 2.68506} 3.26204} 3.95926] 4.80102) 5.81636) 7.03999|10.2857 |21.7245 |45.2593 
41 | 2.75219) 3.35990] 4.09783] 4.99306} 6.07810) 7.39199|10.9029 |23.4625 |49.7852 
42 | 2.82100) 3.46070) 4.24126) 5.19278) 6.35161] 7.76159]11.5570 |25.3395 154.7637 
43 | 2.89152) 3.56452) 4.38970] 5.40050] 6.63744] 8.14967|12.2505 {27.3666 |60.2401 
44 | 2.96381] 3.67145] 4.54334] 5.61652) 6.93612) 8.55715)12.9855 |29.5560 166.2641 
45 | 3.03790} 3.78160} 4.70236] 5.84118) 7.24825) 8.98501/13.7646 |31.9205 |72.8905 
46 | 3.113885) 3.89504) 4.86694} 6.07482) 7.57442) 9:43426)14.5905 |34.4741 |80.1795 
47 | 3.19169) 4.01190) 5.03728) 6.31782! 7.91527) 9.90597)15.4659 |37.2320 |88.1975 
48 | 3.27149) 4.13225) 5.21359] 6.57053} 8.27145|10.4013 |16.3939 |40.2106 |97.0172 
49 | 3.35328) 4.25622) 5.39606] 6.83335] 8.64367|10.9213 |17.3775 |43.4274 |106.719 
50 | 3.48711) 4.38391) 5.58493] 7.10668) 9.03264/11.4674 |18.4202 |46.9016 |117.391 
51 | 3.52304) 4.51542) 5.78040} 7.39095) 9.43910/12.0408 |19.5254 |50.6537 |129.130 
52 | 3.61111) 4.65089] 5.98271] 7.63659] 9.86386|12.6428 |20.6999 |54.7060 |142.043 
53 | 3.70189) 4.79041) 6.19211) 7.99405|10.3077 |13.2750 21.9387 |59.0825 |156.247 
o4 3.79392 4.93412) 6.40883] 8.31381/10.7716 |13.9387 |23 2550 |63.8091 |171.872 
55 | 3.88377) 5.08215) 6.63314] 8.64637|11.2563 |14.6356 124.6503 |68.9139 |189.059 
56 | 3.98599) 5.23461) 6.86530] 8.99222/11.7628 |15.3674 |26.1293 |74.4270 |207.965 
57 | 4.08564} 5.39165] 7.10559) 9.35191/12.2922 |16.1358 |27.6971 |80.3811 |228.762 
58 | 4.18778) 5.55340) 7.35428) 9.72599]12.8453 |16.9426 |29.3589 |86.8116 |251.638 
59 | 4.29248] 5.72000) 7.61168/10.1150 |13.4234 |17.7897 |31.1205 193.7565 |276.801 
60 | 4.39979) 5.89160) 7.87809]10.5196 |14.0274 |18.6792 |32.9877 |101.257 |304.482 


i 


+< 
nm 


CAND OPWhe 


10 


- 86230 
. 84127 
- 82075 
. 80073 
. 78120 


. 76214 
- 74356 
. 12542 
. 707738 
- 69047 


. 67363 
- 65720 
. 64117 
- 62553 
. 61027 


- 59539 
- 58986 
- 56670 
- 55288 
- 53939 


- 52623 
- 51340 
. 50088 
- 48866 
-47674 


-46511 
-45377 
- 44270 
.43191 
- 42137 


- 41109 
- 40107 
- 39128 
88174 
.387243 


- 36335 
- 35448 
- 34584 
. 33740 
- 32917 


.32115 
.31331 
80567 
. 29822 
. 29094 


- 28385 
- 27699 
.27017 
- 26358 
.25715 


. 25088 
. 24476 
. 23879 
. 23296 
. 22728 


Table 30. 


37% 


- 97087 


- 94260 
-91514 
- 88849 
- 86261 


-83748 
- 81309 
18941 
. 76642 
. 74409 


72242 
- 70138 
- 68095 
. 66112 
- 64186 


. 62317 
- 60502 
- 08739 
. 57029 
- 55368 


- 53755 
- 92189 
. 50669 
-49193 
-47761 


- 46369 
-45019 
.43708 
-42435 
-41199 


isi9hoh)9) 
- 33834 
.387703 
. 36604 
.35538 


. 34503 
. 33498 
. 32523 
.B1575 
. 30656 


. 29763 
- 28896 
. 28054 
. 27237 
- 26444 


. 25674 
. 24926 
. 24200 
. 23495 
. 22811 


. 22146 
. 21501 
. 20875 
. 20267 
. 19677 


.19104 
. 18547 
. 18007 
. 17483 
. 16973 


COMPOUND INTEREST 


Compound discount. 


344% 


-96618 
-93351 
-90194 
87144 
.84197 


- 81350 
- 78599 
- 75941 
- 73373 
- 70892 


68495 


- 66178 


- 63940 
- 61778 
- 59689 


. 57671 
-55720 
. 53836 
- 52016 
- 50257 


-48557 


-46915 
-45329 
-43796 


142315 


. 40884 
- 39501 
- 38165 
- 36875 
. 35628 


- 34423 
. 338259 
. 3821384 
. 31048 
- 29998 


. 28983 
- 28003 
- 27056 
. 26141 
. 25257 


- 24403 
. 23578 
.22781 
. 22010 
. 21266 


. 20547 
. 19852 
.19181 
. 18532 
-17905 


.17300 
. 16714 
. 16150 
. 15603 
. 15076 


1489 
Present values of one dollar 

4% 444% 5% 6% 8% 10% 
.96154 | .95694 | .95238 | .94340 2593 | .90909 
-92456 | .91573 | .90703 | .89000 | .85734 | .82645 
-88900 | .87630 | .86384 | .83962 | .79383 | .75131 
. 85480 . 83856 . 82270 . 79209 . 73503 . 68301 
-82193 | .80245 | .78353 | .74726 | .68058 | .62092 
-79031 .76790 | .74622 . 70496 .63017 | .56447 
. 75992 . 73483 . 71068 .66506 | .58349 .51316 
. 73069 . 10319 . 67684 62741 54027 .46651 
. 70259 . 67290 64461 .59190 50025 | .42410 
.67556 . 64393 -61391 - 55839 .46319 - 38554 
64958 .61620 . 58468 . 52679 .42888 35049 
.62460 . 58966 . 55684 -49697 39711 .31863 
.60057 | .56427 | .53032 | .46884 | .36770 | .28966 
57748 53997 .50507 | .44230 | .384046 | .26333 
. 55526 .51672 -48102 41727 .31524 . 23939 
.53391 | .49447 | .45811 .39365 | .29189 .21763 
.51337 | .47318 | .43630 | .387136 | .27027 | .19784 
-49363 | .45280 | .41552 | .35034 | .25025 | .17986 
.47464 |. .43330 | .39573 | .33051 | .23171 . 16351 
.45639 | .41464 | .387689 | .381180 | .21455 | .14864 
.43883 | .39679 .35894 | .29416 | .19866 | .13513 
-42196 | .37970 | .34185 | .27751 18394 | .12285 
-40573 | .36335 | .382557 | .26180 | .17032 11168 
.389012 | .384770 | .31007 | .24698 | .15770 | .10153 
387512 (33273 .29530 | .23300 | .14602 | .09230 
. 386069 | .381840 |} .28124 | .21981 .13520 | .08391 
. 384682 . 30469 26785 .20737 .12519 .07628 
7e0848 | .29157 | 725509 | 7195638") . 11591 06934 
92065. |. 27901 24295 | .18456 | .10733 . 06304 
.380832 | .26700 | .23138 | .17411-| .099388 | .05731 
29646 | .25550 | .22036 | .16425 | .09202 | .05210 
. 28506 . 24450 . 20987 .15496 .08520 | .04736 
27409 . 23397 . 19987 14619 07889 04306 
. 26355 . 22390 19085 .13791 07305 038914 
. 25342 21425 .18129 L30LL .06763 .03558 
.24367 | .20503 | .17266 | .12274 | .06262 03235 
. 23430 . 19620 . 16444 SUS To .05799 02941 
. 22529 PLS ONl OOO .10924 | .05369 2673 
.21662 | .17967 | .14915 | .10306 | .04971 0243 
. 20829 .17193 . 14205 .09722 04603 02209 
.20028 | .16458 | .13528 | .09172 | .04262 02009 
719257 . 15744 . 12884 08653 03946 01826 
.18517 | .15066 | .12270 |} .08163 | .03654 01660 
. 17805 14417 . 11686 07701 .03383 01509 
.17120 | .13796 | .111380 | .07265 | .03133 01372 
. 16461 .13202 | .10600 | .06854 | .02901 01247 
. 15828 . 12634 . 10095 . 06466 . 02686 01134 
. 15219 . 12090 09614 .06100 02487 .01081 
.14634 | .11569 .09156 | .05755 | .02303 | .0093 
.14071 .11071 . 08720 .05429 .02132 00852 
.13530 | .10594 | .08305 | .05122 | .01974 | .00774 
. 13010 .10138 .07910 . 04832 01828 00704 
. 12509, 09701 .07533 04558 .01693 .00640 
.12028 . 09284 .07174 04300 .01567 .00582 
. 11566 . 08884 .06833 04057 01451 .00529 
211121 08501 .06507 | .03827 | .01344 | .00481 
. 10693 08135 .06197 | .038610 | .01244 | .00437 
. 10282 .07785 | .05902 | .03406 | .01152 | .00397 
.09886 | .07450 05621 .03213 | .010€7 | .00361 
.09506 | .07129 05354 | .03031 .00988 | .00328 
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Amount of one dollar per annum 


rd 
lal 


i 
COOND UPWNeH 


| 216% 3% 34% 


43% 


1.00000 
2.03500 
3.10623 
. 18363] 4.21494 
5.36247 
6 
7 


-55015 
. 77941 


-95452}10.1591 |10.3685 
.2034 |11.4639 |11.7314 


12.4835 |12.8078 |13.1420 


-89234) 9.05169) 


.00000 
.04500 
. 13702 
-27819 
-47071 


. 71689 
-01915 
. 38001 
10.8021 
12.2882 


On ORWNH 


Sec. 24. 


8% 


-00000|1.00000- 
.07000|2 .08000 
-21490/3.24640 — 
-43994]4. 50611 
. 7507415. 86660 


- 15329]7 . 33593 


1253.21 
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Table 32. Annuities, Present value of one dollar per annum 


242% 3% 343% 4% 443% 5% 6% 7% 8% 
0.97561} 0.97087) 0.96618} 0.96154] 0.95694] 0.95238] 0.94340] 0.93458/0.92593 
1.92742) 1.91347) 1.89969) 1.88609] 1.87267] 1.85941] 1.83339] 1.80802]1.78326 
2.85602| 2.82861) 2.80164) 2.77509] 2.74896] 2.72325! 2.67301] 2.62432/2.57710 
3.76197| 3.71710) 3.67308] 3.62990] 3.58753] 3.54595] 3.46511] 3.38721/3.31213 
4.64583) 4.57971) 4.51505) 4.45182] 4.38998] 4.32948] 4.21236] 4.10020|3.99271 
5.50812) 5.41719) 5.32855] 5.24214] 5.15787] 5.07569] 4.91732] 4.76654|4.62288 
6.34939] 6.23028) 6.11454| 6.00205] 5.89270) 5.78637] 5.58238] 5.38929|/5.20637 
7.17014) 7.01969] 6.87396] 6.73275] 6.59589] 6.46321] 6.20979] 5.97130|5. 74664 
7.97087| 7.78611) 7.60769] 7.43533] 7.26879] 7.10782] 6.80169] 6.51523/6. 24689 
8.75206] 8.53020] 8.31661} 8.11090] 7.91272] 7.72173] 7.36009] 7.02358/6.71008 
9.51421) 9.25262) 9.00155] 8.76048] $.52892| 8.30641] 7.88687] 7.49867|7. 13896 

10,2578 | 9.95400) 9.66333] 9.38507} 9.11858] 8.86325] 8.38384] 7.94269|7.53608 
10:9832 |10.6350 |10.3027 | 9.98565) 9.68285] 9.39357} 8.85268] 8.35765]/7.90378 
11.6909 |11.2961 |10.9205 |10.5631 |10.2228 | 9.89864] 9.29498] 8.74547|8. 24424 
12.3814 |11.9379 |11.5174 |11.1184 |10.7396 |10.3797 | 9.71225) 9.10791|8.55948 
13.0550 |12.5611 |12.0941 ]11.6523 |11.2340 |10.8378 |10.1059 | 9.44665]8.85137 
13.7122 13.1661 |12.6513 |12.1657 |11.7072 |11.2741 |10.4773 | 9.76322/9.12164 


14.3534 |13.7535 |13.1897 |12.6593 |12.1600 |11.6896 |10.8276 |10.0591 |9.37189 
14.9789 |14.3238 |13.7098 |13.1339 |12.59383 |12.0853 |11.1581 |10.3356 |9.60360 
15.5892 |14.8775 |14.2124 |13.5903 |13.0079 |12.4622 |11.4699 |10.5940 |9.81815 


16.1846 |15.4150 |14.6980 |14.0292 |13.4047 |12.8212 |11.7641 |10.8355 |10.0168 
16.7654 |15.9369 |15.1671 |14.4511 |13.7844 |13.1630 |12.0416 |11.0612 |10.2007 
17.3321 |16.4486 |15.6204 |14.8568 |14.1478 |13.4886 |12.3034 |11.2722 |10. 3711 
17.8850 |16.9355 |16.0584 |15.2470 |14.4955 |13.7986 |12.5504 |11.4693 |10.5288 
18.4244 |17.4132 |16.4815 |15.6221 |14.8282 |14.0939 |12.7834 |11.6536 |10.6748 


18.9506 |17.8768 |16.8904 |15.9828 |15.1466 |14.3752 |13.0032 |11.8258 |10.8100 
19.4640 |18.3270 |17.2854 |16.3296 |15.4513 |14.6480 |13.2105 |11.9867 |10.9352 
19.9649 {18.7641 |17.6670 |16.6631 |15.7429 |14.8981 |13.4062 |12.1371 |11.0511 
20.4536 |19.1885 |18.0358 |16.9837 |16.0219 |15.1411 |13.5907 |12.2777 |11.1584 
20.9303 |19.6004 |18.3921 |17.2920 |16.2889 |15.3725 |13.7648 {12.4090 |11.2578 


21.3954 |20.0004 |18.7363 |17.5885 |16.5444 |15.5928 |13.9291 |12.5318 |11.3498 
21.8492 |20.3888 |19.0689 |17.8736 |16.7889 |15.8027 |14.0840 |12.6466 |11.4350 
22.2919 |20.7658 |19.3902 |18.1477 |17.0229 |16.0026 |14.2302 |12.75388 {11.5139 
22.7238 |21.1318 |19.7007 |18.4112 |17.2468 |16.1929 |14.3681 |12.8540 |11.5869 
23.1452 121.4872 |20.0007 |18.6646 |17.4610 |16.3742 |14.4983 {12.9477 |11.6546 


93.5563 |21.8323 |20.2905 |18.9083 |17.6660 |16.5469 |14.6210 |13.0352 |11.7172 
23.9573 122.1672 |20.5705 |19.1426 |17.8622 |16.7113 |14.7368 13.1170 |11.7752 
24.3486 122.4925 |20.8411 |19.3679 |18.0500 |16.8679 {14.8460 13.1935 |11.8289 
24.7303 122.8082 121.1025 |19.5845 18.2297 |17.0170 |14.9491 |13.2649 |11.87386 
25.1028 |23.1148 |21.3551 |19.7928 |18.4016 |17.1591 |15.0463 |13.3317 {11.9246 


25.4661 123.4124 |21.5991 |19.9931 |18.5661 |17.2944 |15.1380 |13.3941 |11.9672 
25.8206 123.7014 121.8348 |20.1856 18.7236 |17.4232 /15.2245 |13.4525 |12.0067 
26.1665 {23.9819 |22.0627 |20.3708 |18.8742 |17.5459 |15.3062 |13.5070 |12.04382 
96.5039 124.2543 122.2828 |20.5488 |19.0184 |17.6628 |15.3832 |13.5579 [12.0771 
26.8330 124.5187 |22.4955 |20.7200 |19.1564 |17.7741 |15.4558 |13.6055 12.1084 


3 24.7755 122.7009 |20.8847 |19.2884 |17.8801 |15.5244 13.6500 |12.1374 
BY AGT 35.0947 22.8994 |21.0429 |19.4147 |17.9810 |15.5890 |13.6916 [12.1643 
97.7732 |25.2667 |23.0913 |21.1951 |19.5356 {18.0772 |15.6500 |13.7305 |12.1891 
28.0714 |25.5017 |23.2766 |21.3415 |19.6513 |18.1687 15.7076 |13.7668 |12.2122 
28 3623 125.7298 |23.4556 21.4822 |19.7620 |18.2559 |15.7619 |13.8008 }12.2335 


: 9512 123.6286 |21.6175 |19.8680 |18.3390 |15.8131 |13.8325 |12.2532 
B8 9231 36. 1662 293.7958 121.7476 |19.9693 |18.4181 |15.8614 |13.8621 12.2715 
291933 126.3750 [23.9573 |21.8727 |20.0663 |18.4934 |1579070 |13.8898 {12.2884 
29.4568 126.5777 124.1133 |21.9930 |20.1592 18.5651 |15.9500 |13.9157 |12.3041 
29.7140 126.7744 124.2641 |22.1086 |20.2480 |18.6335 |15.9905 |13.9399 |12.3186 


2¢ , 24.4097 |22.2198 |20.3330 |18.6985 |16.0288 |13.9626 /12.3321 
30.2096 oy 4809 24 _5FOS 122.3268 120.4144 |18.7605 {16.0649 |13.9837 |12.3445 
30.4484 197.3310 |24.6864 |22.4296 |20.4922 |18.8195 |16.0990 EEE 12.3560 
30.6814 127.5058 24.8178 |22.5284 |20.5667 |18.8758 |16.1311 |14.0219 12.3667 
30.9087 127.6756 124.9447 |22.6235 |20.6380 |18.9293 |16.1614 |14.0392 12.3765 


; 
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Table 33. Sinking fund. Annuity which will amount to one dollar 

Yr.| 24% 3% 34% 4% 444% 5% 6% 7% 8% 
: 00 |1.00000 |1.00000 |1.00000 {1.00000 |1.00000 1.00000 1.00000 1.00000 
: : E9827 .492611| .491400) .490196| .488997| .487805| .485437 - 483092 . 480769 
3 “325137| .323530| .321934| .320349| .318773] .317209] .314110 - 311052 Sees 
4 | .240818] .239027| .237251] .235490| .233744 -232012 . 228591 225228 . 221921 
5 | .190247| .188355| .186481] .184627|] .182792] .180975| .177396| .173891).170456 
55 545 52668] .150762| .148878] .147017| .143363) .139796 136315 
° : 1oedee i 150806 pain .126610]} .124701| .122820} .119135) .115553).112072 
8 | .114467 112456] .110477| .108528] .106609] .104722] .101036] .097468 -094015 
9 | .100457| .098434| .096446] .094493] .092575| .090690} .087022 - 083486 . 080079 
10 | .089259| .087231! .085241| .083291| .081379) .079505| .075868| .072377| .069029 
.080106] .078077| .076092! .074149] .072248] .070389] .066793} .063357| .060076 
: .072487| .070462 OGbte .066552| .064666) .062825 059277 055902 -052695 
13 | .066048} .064030] .062062| .060144] .058275| .056456) .052960 049651 -046522 
14 | .060536]} .058526|} .056571| .054669| .052820] .051024] .047585| .044345] .041297 
15 | .055766| .053767| .051825| .049941| .048114) .046342|} .042963] .039795| .036829 
16 | .051599} .049611] .047685] .045820] .044015] .042270 -038952 . 035858 032977 
17 047928 .045953| .044043} .042199| .040418] .038699] .035445] .032425) .029629 
18 | .044670| .042709| .040817| .038993| .037237| .035546] .032357| .029413] .026702 
19 | .041760} .039814) .037940] .036139] .034407] .032745] .029621| .026753 Bee 
20 | .039147| .037216| .035361| .033582| .031876] .030243) .027185| .024393] .021852 
21 | .036787| .034872]} .033037] .031280| .029601| .027996| .025005) .022289) .019832 
22 | .034646| .032747 "030932 .029199| .027546] .025971| .023046] .020406] .018032 
23 | .032696] .030814| .029019] .027309} .025682] .024137) .021278| .018714| .016422 
24 | .030913| .029047| .027273| .025587| .023987| .022471| .019679| .017189 014978 
25 | .029276|) .027428| .025674] .024012|} .022439| .020952| .018227| .015811|.013679 
26 | .027768] .025938| .024205| .022567| .021021] .019564} .016904| .014561] .012507 
27 | .026377| .024564) .022852] .021239] .019719] .018292)} .015697| .013426] .0114438 
28 | .025088| .023293) .0216038] .020013] .018521| .017123} .014593) .012392] .010489 
29 | .023891| .022115]} .020445| .018880} .017415| .016046}) .013580} .011449/ .009618 
30 | .022777| .021019] .019371} .017830| .016392} .015051| .012649] .010586] .008827 
31 | .021739] .019999) .018872] .016855} .015448] .014132) .011792| .009797| .008107 
32 | .020768| .019047| .017442) .015949] .014563] .0138280} .011002| .009073).007451 
33 | .019859) .018156]} .016572| .015104| .013745| .012490} .010273| .008408] .006852 
34 | .019007) .017322| .015760] .014315] .012982) .Q11755] .009598 007797 . 0063804 
35 | .018205| .016539| .014998] .013577| .012270| .011072| .008974| .007234| .005803 
36 | .017451} .015804!| .014284] .012887] .011606] .010434) .008395] .006715] .005345 
37 | .016741} .015112} .013613} .012240] .010984| .009840| .007857] .006237)|.004924 
38 | .016070 Seteeee .012982} .011632] .010402) .009284| .007358} .005795 -004539 
39 | .015436} .013844| .012388] .011061] .009856] .008765| .006894] .005387).004185 
40 | .014836} .013262| .011827| .010523]} .009342] .008278] .006462| .005009] .003860 
41 | .014268} .012712] .011298} .010017| .008862! .007822} .006059| .004660] .003562 
42 | .013728] .012192} .010798} .009540} .008409) .007395] .005683] .004336] .003287 
43 | .013217| .011698] .010325] .009090} .007982] .006993] .005333). .004036] .003034 
44 | .012730} .011230} .009878) .008665} .007581} .006616} .005006| .003758| .002802 
45 | .012267| .010785} .009453} .008262| .007202} .006262) .004701| .003499] .002587 
46 | .011826] .010363) .009051} .007882] .006845} .005928] .004415] .003260].002390 
47 | .011407| .009961|} .008669] .007522} .006507| .005614] .004148] .003037] .002208 
48 | .011006) .009578] .008306] .007181] .006189] .005318] .003898] .002831|.002040 
49 | .010623} .009213) .007962| .006857 -005887| 005040) .003664| .002639] .001886 
50 | .010258] .008866| .007634| .006550] .005602| .004777| .003444| .002460] .001743 
51 | .009909] .008534) .007322]} .006259| .005332) .004529] .003239] .002294|.001611 
52 | .009574| .008217| .007024| .005982| .005077] .004295) .003046] .002139] .001490 
53 | .009254) .007915) .006741] .005719] .004835) .004073] .002866] .001995]| .001377 
54 | .008948| .007626} .006471| .005469] .004605} .003864| .002696] .001861| .001274 
55 | .008654} .007349} .006213] .005231] .004388] .003667| .002537| .001736].001178 
56 | .008373) .007085} .005967) .005005] .004181] .003480] .002388] .001620].001090 
57 | .008102} .006831} .005732] .004789| .003985 - 003303] .002247| .001512).001008 
58 | .007842} .006588) .005508| .004584) .003799] .003136] .002116]} .001411| .000932 
59 | .007593} .006356] .005294| .004388] .003622| .002978] .001992] .001317/ .000862 
60 | .007353|} .006133} .005089| .004202} .003454| .002828] .001876] .001229] .000798 
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1494 MATHEMATICAL TABLES Sec. 24. | 
Tabie 35. “Equivalents 
| 
Avoirdupois Troy 
Kilogram | Gram | Milligram| Grain Penny- 
(Kg.) (Gm.) (Mg.) (Gr.) Pounds Ounce Pound Ounce area 
: (Lb.) (Oz.) (Lb.) (Oz). 2 (Dwt.) 

1 1000 106 15,432.4 2.20462 35.2740 2.67923 32.1507 643.015 
0.001 1 1000 15.432 | 2.205104] 3.527 10-2) 2.679X10-3) 3.215102) 0.64301 
10-6 0.001 1 0.01543 | 2.205X10-§| 3.527 10-5) 2.679 10-4) 3.215 10-5 6.430 10-4 

6.430105} 0.06480 64.799 1 1.429 10-4) 2.286103) 1.736X10-4) 2.083X10-3| 0.04167 © 
0.45359 453.592 | 453,592.4 7000 1 16 1.21528 14.583 291.667 
0.02335 23.3495 | 28,349.53 437.5 0.0625 1 0.07595 0.91146 18.229 
0.37324 | 373.242 | 373,241.8 $769 0.82286 13.166 1 12 240 
0.03110 31.103 31,103.5 480 0.06857 1.09714 0.08333 1 2 

1.555X10-3) 1.55517 1555.17 24 3.429X10-3) 0.05486 | 4.167X10-3 0.05 1 
0.03110 81.103 31,103.5 480 0.06857 1.09714 9.08333 iE 20 

3.888 X 10-3} 3.88794 3887.94 60 8.571X10-3| 0.13714 0.01042 0.125 2.5 

1.296 10-| 1.29598 1295.98 20 2.857X 10-3) 0.04571 | 3.472 10-3| 0.04167 0.83333 
907.185 9.072105) 9.072>X108, 14106 2000 32,000 2,430.56 | 29,166.67 583,334 
1016.05 1.016105 1.016109] 1.568107 2240 35,840 2722.22 32,666.7 653,334 

1000 106 109 1.543107) 2204.62 35,274 2679.23 32,150.77 643,015 
Table 36. Miscellaneous 
When unit column is entered as 
| 
Cu. ft. | Gallons | Cu. ft. Liters | Gallons | Liters Kg. Tons per 
per min.| 24 hr. 

Units read 

Cu. ft. 

Gallons | Cu. ft. Liters | Cu. ft. Liters | Gallons ee oes per min, 

24 br 
xo* 

1 7.48 0.1337 28.32 | 0.0353 3.785 0.264 1.587 | 1.389 
2 14.96 0.2674 56.63 | 0.0706 7.571 0.528 One 2.18. es 

3 22.44 0.4010 84.95 | 0.1059 | 11.356 0.793 4.762 4,167 

4 29.92 0.5347 | 113.27 | 0.1413 | 15.142 L057 6.349 5.556 

5 37.40 0.6684 | 141.58 | 0.1766 | 18.927 eval 7.937 6.944 

6 44.88 0.8021 169.90: | 0.2119 | 22.713 1.585 9.524 8.333 

7 52.36 0.9358 | 198.22 | 0.2472 | 26.498 1.849 Tate lay 9.722 

8 59.84 1.0694 | 226.54 | 0.2825 | 30.283 2.113 12.699 A Ds Hea © aL 

9 67.32 1/2031 | 254.85 | 0.3178 | 34.069 2.378 14.286 12.500 

* @ = weight per cubic foot. 


i) Pie 


Art. 75, . EQUIVALENTS 1495 
of masses and weights 
Apothecaries’ | 
Short (net) ton | Long (gross) ton Metric ton 
Ounce (3) Dram (3) Scruple (8) 

32.1507 257.206 771.618 1.102 10-3 9,842 10-4 0.001 
3.215 X 10-2 0.25721 0.77162 1.102 10-6 9.842 10-7 10-6 
3.215 X 10-5 2.572X10-4 7.716 10-4 1.10210-9 9.842 >< 10-10 10x ae 
2.083 X 10-3 0.01667 0.05 7.143 10-8 6.378 X 10-8 6.480X10-8 

14.583 116.667 350 0.0005 4.464104 4 536X104 

0.91146 7.29166 21.875 3.125 10-5 2.790 10-5 2.835 X10-5 

12 96 288 41141074 3.673 X10-4 3.732 X 10-4 

1 8 24 3.429 10-5 3.061 10-5 3.11010-5 

° 0.05 0.4 1.2 1.714X10-6 1.531 10-6 1.555 10-6 
1 8 24 3.429 10-5 3.061 10-5 3.110 10-5 

0.125 1 3 4,286 x 10-6 3.826 X10-6 3.888 X10-6 

0.04167 0.33333 1 1.429x10-6 1.275 X10-6 1.296 10-6 

29,166 67 233,334 7105 1 0.89286 0.90718 

32,666.7 261,334 7.84105 1.12 i 1.01605 

32,150.77 257,206 7.716105 1.1023 0.98421 il 

equivalents 
When unit column is entered as 
Gr. Gm. Slope in} Inches | Slope in E | Inches 
per gal. | per liter |per cent.| per foot |per cent. peerces | per foot Deerees 
Units read 
Gm. Gr. Inches | Slope in a Slope in Inches 
per liter | per gal. | per foot |per cent. oe per cent. ee erees per foot 
5 0.017 58.4 0.12 8.33 0° 34’ Nees 4° 46’ | 0.210 
2 0.034 116.8 0.24 16.67 or Oi 3.49 9° 28’/| 0.419 
3 0.051 i7(a8) 0.36 25.00 ie tey Sn2e |) 14°" (027 | 103629 
4 0.068 233.7 0.48 33.33 ORCL 6.99 | 18° 26’| 0.838 
5 0.086 292.1 0.60 41.67 229 527 Sao e222 438714 1.048 
6 0.103 350.5 0.72 50.00 3° 267 10.51 | 26° 34’ 1.257 
i 0.120 | 408.9 | 0.84 | 58.33 | 4° 17] 12.28 | 30° 15’| 1.467 
8 0.137 467.3 0.96 66.67 4° 35! 14° Ooms hodea4ad. 1.676 
9 0.154 525.8 1.08 75.00 5S 10! 15.84 | 36° 52 1.886 
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Table 37. Equivalents of surfaces and areas 
Square Square Square Square 
meters inches feet yards 
(M.2) (Sq. in.) (Sq. ft.) (Sq. yd) 
1 1550.00 10.7639 1.19599 
0.0006452 1 0.006944 | 0.0007716 
0.09290 144 1 CO 0p ip Fak 
0.83613 1296 9 1 
1 sq. millimeter = 0.01 cem.2 = 0,00155 sq. in. = 1217,36 circ. mils. 
Table 38. Capacity equivalents 
Capacity, dry, English 
Bushel (Bu.) Peck (Pk.) Quart (Qt.) Pint (Pt.) 
1 4 32 64 
0.25 1 8 16 
0.03125 0.125 1 2 
0.015625 0.0625 0.5 a 
Capacity, liquid, English 
Wath : 
Hogshead : Barrel Quart Pint ‘ 
Pipe = Tierce * gallons t+ Gill 
(Hhd.) (Bbl.) (Gal) (Qt.) @t,) 
1 2 3 4 126 504 1008 4032 
0.5 1 1.5 2 63 252 504 2016 
0.25 0.5 0.75 1 31.5 126 252 1008 
0.3333 0.6667 1 1,33 42 168 336 1344 
0.007935 | 0.01587 0.023810 | 0.031746 1 4 8 32 
0.001984 | 0.003968 | 0.005952 | 0.007937 0.25 1 P 8 
0.000496 | 0.001984 | 0.002976 | 0.003968 0.125 0.5 1 4 
0.000248 | 0.000496 | 0.000744 | 0.000992 0.03125 0.125 0.25 1 


* The Standard Oil Co. has adopted the tierce, 42 gal., 


has been followed by other oil producers and refiners. 


} British Imperial gallon 


Capacity metric. 


1.20091 U.S. gal. 


as its barrel, and this practice 


The liter (1.) is the unit and the equivalent of the volume occupied by 


the mass of 1 kilogram of pure water at maximum density. The smaller units usually 
employed are the cubic centimeter (cu. cm. or cc.) and the cubic millimeter (cu. mm. or 
mm.%) which are, for all practical purposes, 0.001 and 0.000001 liter respectively. 


Table 39. 


1 dyne per cu. em. 
1 gram per cu. cm. 
1 poundal per cu. in. 


Equivalent forces or weights per unit of volume 


.00101979 gm./em.3 = 0.00118528 poundal/in.? 


0 
980.5966 dynes /em.3 
= 843.683 dynes/cm.3 


I ll 


Grams 
per cu. ecm. 


(Gm./em.%) 


1 
27.6797 
0.01602 

5.933 X 10-4 
0.001 
0.11983 


1.162283 poundal/in.3 
0.860378 gm./em.3 


0.0310832 lb./in.3 


Pounds Pounds Pounds Isilograms Pounds 
per cu. in. per cu. ft. per cu. yd. per cu. m. per gal., 
(Lb. /in.3) (Lb. /ft.%) (Lb./yd.3) (Kg./m.8) liquid, U.S. 

6.03613 62.4283 1685 .56 1000 8.34545 

1 1728 46,656 27,679 .7 231 
5.787 X 10-4 1 Dif 16.0184 0.13368 
2.143 10-5 0.03704 1 0.59327 0.004951 
3.613 10-5 0.06243 1.68556 1 0.008345 

0.004329 7.48052 201.974 9.30920 1 
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1. Density 


The density of a substance is the mass per unit volume. When c.g.s. units 
are employed, the density becomes the sprciric GRAVITY and is, for all prac- 
tical purposes, the weight in grams per cubic centimeter. For densities of 
various common substances see Table 1. 

Determination of density. For tiqgurm, weigh a known volume. For souips 
in masses, weigh in air and in a liquid in which they sink and are insoluble. 
The loss in weight divided by the density of the liquid gives the volume of 
liquid displaced and hence the volume of the solid. For pulverized solids see 
Sec. 22, Art. 23. 

Hydrometer is a weighted scale which floats in the liquid to be tested, 
and is weighted in such a way that the depth to which it sinks is proportional 
to the density of the liquid. Hydrometers are calibrated so that the scale 
reading cut by the liquid surface is the density of the liquid in the units chosen. 
Ordinarily specific gravity is read directly, but in some arts the Twaddell 
scale and in others the Baumé is used. For specific gravity greater 
than unity; Density = 1 + Twaddell degrees/200. Density at 15° C. = 
144.3/(144.3 — Baumé degrees). For specific gravity less than unity; Den- 
sity = 140/(130 — Baumé degrees). 


2. Viscosity 


A body that yields continually to forces tending to change its form is called 
viscous. ‘The rate of shear in a fluid is directly proportional to the shearing 
stress and inversely to a property of the fluid of the nature 


of resistance or internal friction which is called the conrri- F— I> 

CIENT OF VISCOSITY. 1 $ 
Suppose the space between two parallel plates of area A (Fig. 1), ¥ . 
ies ale 


and spacing d filled with an adherent fluid. Suppose the force F’ ap- 
plied tangentially to one of the plates causes it to slide parallel to the 
other a distance ] in the time ¢, Then //td = v/dis the rate of shear where » = 1/t, The 
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coefficient of viscosity 7 is given by the equation v/d = F/nA. The unit of 7 is, accord- 
ingly 1 gm./1 cm. X 1 sec. The slowness of the motion v is commonly spoken of as the 
viscosrry of the system. The viscosity of a liquid may be found ‘from the flow through a 
capillary tube. Let V be the volume which flows in a time, t, L the length of the tube, r 
its radius and p the pressure due to the head of the liquid, then 7 = arprit/SLV. 


Table 1. Densities in grams per ce. (For metals, see Sec. 2, Table 1; for minerals, 
see Sdc. 28, Table 2) 
1 gm./ec. = 62.4 Ib./eu. ft. 
ITA. VIGNE ant a eee EERE EO 0.001293 WEASOMES | penne Siisee Ste oe 2 
Alcohol, ethyl (18°) ....... +. 0.791 IMortartkehard: sno acscsteaceee LES: 
Aleohol, methyl... ..22....2 + 0.810 
To Soh. se ee ee 1.06-1.11 Naphtha (petrol. ether)..... 0.665 
Anthracite piled loose....... 0.84 Nitrogen. ......-...-.-5+-5 0.001251 
BNSDeStOG ee ss ee. eee ee 3.0 : 
= ne a3 Oil, ORSbOrE aii... neers Eee 0.969 
‘Asphalt arte Oilbscottonseédem. cm acne olen 0.926 
sl acmgager res sioner * 7 stent fae? OWT CreOSOten tam tren eens 1.04-1.10 
Orvlarderc pease soc parker 0.920 
Be re Pere ser 2.4-3.1 |! Oj, linseed, boiled... ..:..:. 0.942 
Beeawatat., Js. Sao ees 0.95-0.96 Oi - EA 
il, mineral lubricating .... 0.912 
ISON WAST Rey ae ee a a 0.899 Oil 1 = 
IBY AGS olen eres. 8.4-8.7 Oi PeLrOne WAL Feet gs Re ey i eds 
PBI uhE Chit serercests cee = 1.76 a Julie peas 8) ey Eg 2 ae 
TRU A al pa eye bate eee ene en sees ak 1.92 SE ape aie LIS OS PAS she ee 
HBr OvZemm tars CY Ars sage Ae 8.7-8.9 Parafint wasters nies 0.87-0.93 
Pat Se oo elses Meme cea ec tens 0.84 
Se See tte ae 0.97-0-99 Phosphor bronze........... 8.7-8.9 
ampHOM a. fas £2... enpeerte 0) Pitch -ar-awddecdee Soa 
Carbolic acid. ... 5... ..--. |\\0.950-0.965 Dinh cons tone kane 0 ree 
Carbon dioxide (0°).........| 0.001977 aw 
Cello. Wh... «Faa 1.4 (Resin ey #13 coe sen ae tere are al 
Gemient looses.) os... sens 1.15-1.7 Rock salt (psc pe tertepa: reyes 2.28-2.41 
Cement SOU reese din oe poy i 2.7-3.0 RUB DeR; | WUTC. aie he goo sna 0.91-0.93 
(Gl ng aD eae rae cae eae oie 1.9-2.8 . : 
Sharcoalar ete meee tee 0.3 to 0.6 Sand, piled................ 1.68 
C@hiorotorm 7,2 S910. Ee 1.480 Sea Water. toctdids seagaer 1.025 
Gin Cr iaceet a. ait. 1.8-2.6 Silica, fused translucent. .... 2.07 
Solapionminots piled looser 0.79 Silica, fused transparent... .. 2.21 
OS Cert on Sa Mtchheleneaacee ra 2 
Coke piled loose............ 0.0.45 Starch... 6... 6e ee. e eee 1.53 
Goncretewciudes seis sede 1.8 Sulphur amorphous Beer ea 1.92-2.07 
Concrete, stone or gravel.... 2.3-2.5 Sulphur dioxide............ 0.002927 
Snow, fresh fallen........... 0.136 
1) SYST ee et lt 1.8 Snow, compact... .:..:..... 0.520 
TERM OVA octet d «oa ate oa 4.0 
(Eitherys = seh rasa: cas tists « 0.736 eye pal Aahte bapbiad ths ie! 2 ed 
Catrakte 1e CRaRS, Ave Lunpentines. +0 capes 0.873 
Gasolenes ses. Te as ete wae 0.66-0.69 Wood 
‘ : : as OV DE CSS. ennai oe eet 0.55 
G@ermanisilviersic.< cc ccs sce 8.5-8.9 Wood, ebony itlset vo: Ales, 1 Nee 33 
Glass irenowmen sy eos). ose 2.4-2.6 Wioodich 55 
Gicss Aint ser EAT chav atin A Stay ane Sas elm te 0.55 
Gl ase ker ad heats ths cok nel oi “. a) Wioedsshemlocke tas. + oa te. 0.43 
Giieslspl Sie na acs a ” Wicodehickor yan aes se 0.60-0.93 
’ Mn wtelel le pha Siete : Wood, lignum vitae......... 1y17-1.33 
hoses § Aonaenay Roe meaple lpia ey here ist 0.62-0.75 
4 RS KS Reta ade ; Hy OOG OA se ees ete. sees 0.60—0 .90 
Hydrogen sulphide......... 0.001523 weet pine, pitech.......... 0. 83-0 . 85 
3 ood, pine, white. ......... 0.35-0.50 
NOM ores er Seah te cone eee 0.9168 wee oe ee Re ee 0.37-0.60 
: ood redwood) fa. 22.545 as 0.48 
ey ; ; : ai 5 cag eae ese Nek spruce. . cc 0.48-0.70 
amerslaked:. asec xe ee | i er) 4 Sec ar ke aad lie per 
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Temperature. The coefficient of viscosity decreases rapidly with rising 


temperature. (See Table 2.) 


’ Relative viscosity or speciFic viscosrry is the ratio of the viscosity of the 


fluid under consideration to 
that of water at the same 
temperature. 

The apparatus employed 
for determination varies ac- 
cording to the viscosity of the 
liquid under investigation. 
For relatively viscous liquids, 
some form of the Engler vis- 
cosimeter is ordinarily em- 
ployed; for relatively mobile 
liquids, the Ostwald appar- 
atus is used. 

Engler viscosimeter (Fig. 2), 
consists of a cup (A), fitted with 
a pipe orifice (C), a container (B) 
with a stirring mechanism (£, D), 
and a graduated flask (G). The 
cup (A) is provided with an air- 
insulated cover (c) and a pointed 
wooden stopper (d). 


Take a sample approximately 15 


Table 2. Viscosities 


‘ 


Temper- Ny 
Substance ature, gm. 
degrees C. | cm. sec. 
Wisitenss. natis sichts hho wes 0 0.0179 
PWiater: Sire. ites. ih Stach ee ee 20 0.0101 
Water. ods.cn Jee aione 40- 0.00657 
Waterss tamu aw.aiiewe die 60 0.00469 
Wii bern e aeece te rere eo 80 0.00356 
IMIGReURYa oferta tee 20 0.0156 
Bth yl eleohol. 25... 2.024 20 0.0119 
Eh er ne serene cae 20 0.00234 
Benzene: sjsac slg. cane) len 20 0.00649 
Glycerine ma arenes isco ten 10 2130 
Glycerinese te eee. 20 8.5 
Olivier Orltaae ores sic Secs 15 0.99 
sinpentines (d= OST)... alice. s ceo: se 0.0149 
Machineroilicectensen cre 19 1.0 
Raratinoiegn  euik eons ant. 19 0.02 
Sulphurietacid’ 2. .2.4.... 20 0.22 


per cent. greater in bulk than required to fill cup (A) 


to the top of the gage points. Strain the sample through a 100-mesh wire screen to remove 


E a 


foreign matter. Clean cup (A) with solvents 
such as benzol or alcohol; take particular care 
that the discharge orifice is thoroughly clean and 
dry. Soft tissue paper or filter paper is best for 


ec cleaning. Assemble the apparatus; place the 

pointed wooden stopper in the orifice; fill the 

qd inner cup to the top of the gage points; place 

cover (c) in position and insert thermometer (/). 

Fill chamber (2) with an oil of high boiling point, 

100.cem 6 usually a heavy lubricating oil, and heat slowly, 
stirring the heating liquid, until the desired tem- 

perature is reached. Hold at this temperature 

econ A until the liquid in cup (A) hasreached the same 
temperature. Place container (@) so that the 

Hae 25 PIG Woe liquid will ow down the side of the container 
Engler Ostwald and thus prevent froth formation. Lift the 
viscosimeter viscosimeter pointed wood stopper and determine with a stop 


watch the elapsed time in filling the flask to the 


graduation mark. Repeat until concordant results are obtained. The time required to 
discharge an equal volume of distilled water under the same conditions of temperature and 


head on the discharge orifice should Table 3. 


now be determined, after cleaning 
thoroughly. The ratio of the time 
of outflow of the oil to that of the 
water is the specific viscosity of 
the oil, referred to water at the 
same temperature, and is called 
the ‘‘Engler degree.” 

Ostwald viscosimeter, used 
for mobile liquids is shown in 
Hig: 3. It consists of a fine 
capillary tube (db) about 10 cm. 
long and 0.4 mm. bore, connected 
atthe upper end to a bulb con- 
taining a definite volume between 
the graduation marks (c) and (d). 


Relative viscosities of aqueous solutions com- 
pared to water 


, Temper- Relative 
Normal solutions ature, é se tecaosthiny 
degrees C, 

ATIMOWIA oh coke tae Fl ue 25 1.02 
Ammonium chloride....... 17.6 0.98 
Calcium chloride..... Shah 20 iPieal 
Hydrochloric acid......... 25 1.07 
Potassium chloride........ 17.6 0.98 
Sodium hydrate.......... 25 1.24 
Sulphuric acid............ 25 1.09 
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The capillary ig connected at the lower end by a U-tube to a large bulb (e), which in turn 
is connected to a tube of convenient size for filling. 

The apparatus should be cleaned first with suitable oil solvents such as benzol, acetone, 
ether, or alcohol and then with warm chromic acid solution, and finally with water, then 
dried ‘thoroughly by a current of air. Introduce into the leg (f) by means of a calibrated 
pipette, a definite volume of liquid sufficient to cause the bulb (¢) to stand two-thirds full. 
Heat in a constant-temperature bath from 30 minutes to 1 hour. Next place a rubber tube 
at (a) and suck oil into this limb to some point above the mark (c). Remove the tube and 
allow the oil to flow down through the capillary (db) by gravity, taking the elapsed time by 
stop watch for the meniscus to pass from graduation (c) to graduation (d). Repeat until 
concordant results are obtained. A variation in elapsed time of 0.1 to 0.5 per cent. is 
allowable. Repeat with water at the same temperature, using the same volume of water 
as of oil. The ratio of time of flow of oil multiplied by the specific gravity of the oil, to the 
time of flow of the water multiplied by the specific gravity of the water gives the specific 
viscosity of the oil compared with water at the given temperature. 


3. Radiation 


The energy radiated from a black body depends both in quantity and qual- 
Table 4. Relative heat-radiating and reflecting powers ity (wave length), upon the 


temperature. 

Radiating | Reflecting Stephan’s law. If Q is 
_ hi es the quantity of energy in 
Writing eee aS elas oo heated 2 | eres radiated from an area A 
Tonys marble; <ccae st oss 93 to 98 7 to 2 of a black body in a time t, 
(GUE TS po So eR 90 10 the rate of loss R = Q/At is 
HR Aga we USSR TARE St 85 15 R = KT#* where K is a con- 

amd Tae? ss OY ets 72 28 : 
Cast iron, polished........ 25 Te stant having the value 5.3 
Mereuty......... eer ne. 23 77 ergs/cm?. sec. (deg.)4, and 7 
Wrought iron, polished.... 23 77 the absolute temperature in 
pe eS REE a 2 degrees C. The radiation 
Steel, polished............ 17 83 = = ¥ 
Platinum, polished........ 24 76 from a black body at the 
sie heed ne Reass s o 4 85 temperature Ti to one at the 
ast brass, dead polish.... 89 p ny s 

Cast brass, bright polish... ve 93 temperature V's eg greens 
Copper hammered........ if 93 ingly be R = K(Ty4 — 7). 
Gold platen. eis ies 5 95 The rate at which a 
Silver, polished........... 3 O7 hotter hody radiates heat 


| and a colder body absorbs 
heat depends upon the state of the surfaces as well as the temperature. Sur- 
faces that reflect well absorb little and vice versa, but radiating power and 
absorbing power BAKE identical. Con- able 5. Heat radiation, B.t.u. per hour per 
sequently radiation and absorption square foot of surface for 1° F. difference of 
increase with the blackness and rough- temperature 


ness of the surface but diminish with 


the smoothness, polish and whiteness | Copper, polished............ 0327 
of the surface. Itis not possible in the | Tin, polished................ 0440 
present state of science to give more re od btass, epee otis it (0491 
mink ilies inned iron, polished......... 0858 

than relative values for the radiating | ghect iron, GcaaiGdinn. omits “0920 
and reflecting power of surfaces under | Sheet lead................... .1329 
similar conditions. See Table 4. nine WOW. eee cee. - 5662 

‘ DSS e bgt skeihy 5s Rae PATA sate. NUL ALOR . 

When a surface is not more than 30°F. | Gast iron.............. seta 
hotter than the air into which it is radiating “Ctron rusted’ <i dade dnd. oi “6868 
and the air is in the vicinity of 50° or 60° F., Wood, stone brick T Meni tues “7358 
the rate of radiation may be taken as ap- aS Pe hy ; ’ 


proximately proportional to the difference 
in temperature. Newton’s law of cooling may be applied thus Q/At = B(T, — To). 
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_ To convert to calories per square centimeter per second for a difference of 1° C. multiply 
by 1.356 (10) —4. 


4. Thermometry 


Difference of temperature is commonly measured by change in volume of 
some selected substance, usually mercury in a glass tube. 
Fahrenheit scale. The temperature of melting ice is marked 32° F. and that of steam 


from water boiling under normal atmospheric pressure (76 cm., or 29,92 in. of mercury), is 


marked 212° F. 
Centigrade scale. On this scale the temperatures of the melting and boiling points are 


called respectively 0° C. and 100° C. 


If 7 is a temperature read on a Fahrenheit thermometer and T'’¢ the same 
temperature on a Centigrade thermometer one reading can be converted into 
the other by the equation T'¢ = 54 X (Tr — 32). See also Table 6. 

Table 6. Conversion of thermometer readings 


Fahrenheit into Centigrade 


Fahr. | Cent. Fahr. Cent. Fabr. Cent. Fahr. Cent. Fahr. Cent. 
0 —17.8 50 10.0 100 37.8 150 65.6 200 93.3 
10 —12.2 60 15.6: 110 43.3 160 (ie 210 98.9 
20 — 6.7 70 ZL ed 120 48.9 170 76.7 220 104.4 
30 — 1.1 80 26.7 130 54.4 180 82.2 230 110.0 
40 + 4.4 90 32.2 140 60.0 190 87.8 240 115.6 
| 
Differences for interpolation 

Fahrenheit. .... 1 2 3 4 5 6 7 8 9 10 
Centigrade..... 0.6 | 7, 22 2.8 Boats: 3.9 4.4 5.0 5.6 


Centigrade into Fahrenheit 


Cent. | Fahr. Cent. Fahr. Cent. Fahr. Cent. Fahr. Cent. Fahr. 


— 50 — 58 0 32 50 122 ~100 212 150 302 
—40 —40 10 50 60 140 110 230, 160 320 
— 30 — 22 20 68 70 158 120 248 170 388 
—20 crete 30 85 80 176 130 266 180 356 


10 +14 40 104 90 194 140 284 190 374 


Centigrade... . 1 2 3 4 5 6 e 8 9 10 


Fahrenheit..... 1.8 3.6 5.4 7.2 9.0 | 10.8 | 12.6 | 14.4 } 16.2 | 18.0 


Examples of use of tables 


To convert 164.1° F. to Centigrade. To convert 73.4° C. to Fahrenheit. 
Fahr. Cent. Cent. Fahr. 
160 0° 2) 714° 10.0°= 158.0° 
Diff. 4. O.f=r epee Dif. 3.0 = 5.4 
Diff, Oz tas Onl Diff. 0.4 = 0.7 


164.1°= 73.4° 73.4°= 164.1° 
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5. Calorimetry 


Derinitions. The quantity of heat required to raise the temperature of 
1 gram of water 1° C. is called the catorie. As this amount varies slightly 
with temperature, it is usual to take the average value between 0° and 100° C., 
which is called the MEAN CALORIE. The quantity of heat required to raise a 
pound of water 1° F. is called the British THERMAL UNIT or B.1.U. 

Tuerman Capacity (c), or water equivalent of a body, is the amount of heat, 
required to raise the temperature of the body one degree. Thus the quantity 
of heat Q necessary to produce a change of temperature f; — t2 in a body whose 
thermal capacity is c will be Q = c(t, — t.). Spuciric HEAT (S) of a substance 
is the thermal capacity per unit mass. This is numerically the ratio of the 
quantity of heat required to raise a given mass of the substance one degree to 
the quantity of heat required to raise an equal mass of water one degree. 
The quantity of heat Q necessary to produce a change of temperature (f, — tz) 
in a body whose mass is m and whose specific heat is s is Q@ = ms(t, — 2). The 
quantity of heat required to convert a gram of substance from the solid to the 
liquid state, without change of temperature, is called the LATENT HEAT OF 
FUSION. The quantity of heat Q necessary to melt m grams of a substance 
whose latent heat of fusion is Lr is Q = mLy. A similar expression obtains 
for the change from the liquid to the vapor state and Q’ = m’ Ly where Ly is 
the LATENT HEAT OF VAPORIZATION. See Table 7. 


6. Coefficient of expansion 


The fractional increase of a length at zero degrees for a rise of tempera- 
ture of one degree is called the COEFFICIENT OF LINEAR EXPANSION. If Ly 
is the length at ¢ degrees, I the length at zero and 2 the coefficient of linear 
expansion, LZ; = Lo(1 +). For solids the relation Ly = L,[1 + x(t’ — 2] 
is sufficiently exact. The COEFFICIENT OF CUBICAL EXPANSION is defined by 
V, = V.(1 + at). For solids the cubical coefficient a = 3d. See Table 7. 

Cubical expansion of liquids. The volume of a liquid may be exactly expressed 
as a function of the temperature by the relation: Vz; = Vo(1 + et + Bl? + yi). 
Values of these coefficients are given in the Smithsonian Tables. If, however, 
the temperature interval is not large, the relation V; = Yo(1 + at) may be 
used. Values of a in Table 8 are mean values for the vicinity of 18° C. 

Coefficient of cubical expansion of gases at constant pressure of 76 cm. of: 
mercury, has the practically uniform value of a = 473 = .00367 per deg. 
C. Warpr vapor between 0° and 162° C, has the mean value a = 0.004189 
per deg. C. 

7. Thermal conductivity 


The quantity of heat Q that is conducted across a slab of any substance 
having a facial area A, a thickness d and a difference of temperature 7, — 72 
in a time / is given by the relation Q = kA(T1 — T2)t/d where k is a constant 
defining a property of the material called THERMAL coNDUCTIVITY. See 
Table 7, 

8. Humidity 


ABSOLUTE HUMIDITY is the mass of water vapor per cc., i.e., the density 
of the water vapor actually present. RELATIVE HUMIDITY is the ratio of the 
amount of water actually present to the amount necessary to saturate the air, 


the temperature remaining unchanged. The pEw point is the temperature at 
which the aqueous vapor begins to condense. 
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Table 7. Thermal properties of various substances. (For metals, see Sec. 2, Table 1) 


Note—The specific heat is a mean value between 0° C. and 100°C. unless otherwise 
stated. The boiling points are for 76 cm. of mercury pressure. The specific heats of gases 
are for constant pressure of 76 cm. ; 
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Table 7. Thermal properties of various substances. (For metals, 
see Sec. 2, Table 1)—Continued 


; Latent heat, | \ Coeffi- 
-_ ee cal. per gm. |Temper- aay ee of weed 
‘ oey . aa pean ature, ecific inear onduc- 
Substance pes jerovene degrees eat expan- | tivity 
egreesidegrees Vv A Cc ; 5 
Pusion|.» 2POF SIR, 
ization x10=6 
Paranda ke oh akc cere Sh eT be eee pil. BS. 2 oe eae 00085 
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* eae grain. + Across grain. 

§ The specific heat of water varies from 1.00 by only a few parts in a thousand. ‘§ 
Kaye and Laby, Physical Constants, page 56. ‘ pare 
4 This alloy, called Invar, has the smallest known coefficient of expansion. An all 
of 42% nickel with iron is called Platinite and has the same coefficient as glass. It ts ube 

for incandescent lamp bulbs and armored glass.- 


ABSOLUTE HUMIDITY at any temperature, t, may be found from the 
density of the water vapor, D, at the dew point tg by the equation 


273 + ta 
APH =. DX 273 41" 


RELATIVE HUMIDITY may be calculated from the definition or from the ratio 


Art. 8. 


HUMIDITY 


1507 


of the vapor pressure at the actual temperature to the vapor pressure at the 


dew point: R. H. = pg/7. 


Table 8. Values of a in the approximate equation for cubical expansion of liquids 
Liquid a X 10° Liquid aX 105 
Acetic avid. apron ieee te 107 Turpentine 25.64 seis. sen, 94 
MMieono) ethyl... eke. 110 Water, see special table... 
Benzene... 26 ies ov sie. ot 124 MIT CULV asue E oboe ete 8 18,15 
Carbon disulphide. ........ 121 Solution, 1.6 per cent. NaCl 
C@hioreterm... career es. << 126 da Waters 4 sayeere cms 106 
Bther, ethyl. ono. he0mm. s+ 163 Solution, 26 per cent. NaCl 
Glyeerine. on. cen oageem.- -% 53 PAWN ER et oe es og bes 43.6 
Olivenonl ... ion: awicene opm. 6 7 70 Sulphuric acid, 100 per 
PanrakwBe ile wcrc de qcive +25 90 CONG seq ec. tonya uid eee 57 
Petroleum, d = .847....... 104 Solution H2SOxz, 50 per cent., 
PA WEIGEL meres Bussrusas seepecte 80 
Table 9. Specific volume of water 
Temp., Temp., oa 
des. C Ce. per gm. dex. ©. Cc. per gm. 
0 1.00013 60 1.01705 
4 1.00000 70 1.02270 
10 1.00027 80 1.02890 
20 1.00177 90 1.03590 
30 1.00435 100 1.04343 
40 1.00782 110 1.0515 
50 1.01207 120 1.0601 
Table 10. Freezing mixtures 
Parts by weight | Temperature 
1 NH4NO3 to 1 water...... — 15°C. 
8 NaSO, to 5 water........ — 17 
2-snow tol NaCl.......-.. — 18 
3 snow to 4 CaCl, crystals. . — 48 


Example. 


required the absolute and the relative humidity. 
From Table 11, by transformation of units, density of water vapor in saturated air is 


Dg 2 = 8.94 gm. per cu. met., whence A. H. = 8.94 - 


273 + 9.2 


Given the temperature of the airt = 14.5° C. and the dew point tg = 9.2°C., 


gm. 


273 + 14.5 


= 8.78 : 
cu. m. 


Again from Table 11, the density for saturation at 14.5° is Dy4,5 = 12.44 gm. per cu. m. 


A. H. 
Di4.5 


8.78 


By the tables 29.2 = 8.66 mm. Hg and py4.5 = 12.22 mm. Hg, hence 


R. H. = 8.66/12.22 = 0.708. 
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Table 11. Properties 
(p = 14.7 Ibs. per 


Pressure in pounds Weight in pounds 
per square inch per cubic foot Specific 
Temper- == Ratio, Ratio, perren: 
ie of of of of of satu- Ne” siete P feet 
Soyer vapor air Dry vapor air rated aoe MENTO per 
com- com- air com- com- mix- pound 
ponent | ponent ponent | ponent ture 
32 0.089 | 14.611 | .0807 | .00031 | .0802 | .0805 .00379| 263.8 3294 
35 .100 | 14.600 | .Q802 | .00034 | .0797 | .0800 .00427/234 2938 
40 .122 | 14.578 | .0794 | .00041 | .0788 | .0792 -00520]193 2438 
45 .147 | 14.553 | .0786 | .00049 | .0778 | .0783 .00620) 161 2033 
50 .178 | 14.522] .0779 | .00059 | .0769 | .0775 .00769|130.5 1702 
55 .214 | 14.485 0771 .00070 .0760 .O767 .00921/108.5 1430 
60 .254 | 14.446 | .0763 | .00082 | .0751 | .0759 .01092| 91.6 1208 
65 .304 | 14.396 | .0756 | .00097 | .0741 | .0751 .01310| 76.3 1024 
70 .360 | 14.340 | .0749 | .00114 | .0738 .0742 .0156 | 64.0 871 
75 .427 | 14.276 | .0742 | .00134 | .0721 | .0734 ORS. oes 743 
80 .503 | 14.197 0735 .00156 -O711 .0726 -.0219 | 45.6 636.8 
85 .592 | 14.108 0728 .00182 .0700 0718 .0260 | 38.5 545.9 
90 .693 | 14.007 0723 .00212 .0690 .O711 0306" | 32.7 469.3 
95 .899 | 13.891 0715 00245 . 0676 0701 s0802) |) 24-6 405.0 
100 .942 | 13.758 0709 .00283 - 0662 0692 0426 | 23.4 305.8 
105 1.095 | 13.605 0702 .00325 .0650 0683 .0500 | 20.0 304.7 
110 1.267 | 13.433 0596 -003873 .0637 0674 .0586 | 17.1 265.5 
115 1.462 | 13.238 .0690 .00426 0622 0665 . 0684 14.6 231.9 
120 1.685 | 13.015 | .0684 | .00488 | .0606 | .0655 .0804 | 12.43 203.1 
125 1.932 | 12.768 0678 .00544 -0590 .0645 .0939 | 10.65 178.4 
130 2.215 | 12.485 | .0672 | .00630 | .0572 | .0635 -1101 9.08 157.1 
135 2.542 | 12.158 0667 .00714 0552 0624 -1291 yee 138.7 
140 2.879 | 11.821 | .0661 | .00806 | .0531 | .0613 qilisy] 6.58 122.8 
145 S2278 | 114201510655: | 009097|. 05.11.) 0601 .178 5,62 109.0 
150 3.708 | 10.992 | .0650 | .01022 | .0487 | .0589 -210 4.77 96.9 
155 4.193 | 10.507 | .0644 | .01145 | .0462 | .0576 . 248 4.03 86.4 
160 4.731 9.969 .0639 .01333 0435 0568 .305 3.28 Widow 
165 5.327 9.373 | .0634 | .01432 | .0405 | .0549 .353 2.83 69.1 
170 5.985 8.715 | .0629 | .01602 | .0374 | .0534 428 2.33 62.0 
175 6.708 7.992 | .0624 | .01744 | .0340 | .0518 7521 1.92 55.7 
180 Goud 7.198 | .0619 | .01970 | .0304 | .0501 -650 1.54 50.15 
185 8.375 6:325 | .0614 | .02181 | .0265 | .0483 .823 2 45.25 
190 9.335 5.365 | .0609 | .02411 | .0223 | .0464 | 1.079 .927 40.91 
195 10.385 4.315 .0605 .02662 0178 0444 | 1.495 .669 37.04 
200 11.526 3.174 .0600 .02933 .0130 0423 | 2.25 #442 33.60 
205 L2ECTO 1.930 } .0596 | .03225 | .0078 | .0401 | 4.11 243 30.05 
210 14.126 0.574 | .0593 | .03543 | .0023 | .0377 |15.45 .0647| 27.80 
212 14.7 0.000 .0592 .0368 .0000 .0368 | Infinite . 000 26.79 


9. Optics 


Image. When light waves proceeding from a point are so modified that 
they either proceed from another point or appear to proceed from another 
point, the second point is called the image of the first. In the first case the 
image 1S REAL and the second virtuay. In every case the condition of 
distinct vision is that the light shall proceed definitely from a point, or in 
other words that the wave front which enters the eye shall be accurately 
spherical. 

Principal focus. When flat wave fronts, that is to say light from a very distant source, 


fall on a positive lens they are converged to a point (F), (Fig. 4, a), called the PRINCIPAL 
Focus; its distance from the center of the lens is called the focal length of the lens. 
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of saturated air 
square inch = 30 in. Hg) 


Heat content in B.t.u. per cubic Dr a idee F ee ae 

ft. from from water at 32° FP. pe ND 10) die: o Latent 
Heat in | Saturated mixture Orer yaar heat of 
—— || required. to”! evapora. 

B Jone evaporate 1b. tion at 
4 eee ted a , B B of water in | wet-bulb 

Vapor Air BETA NES Hoe OUD: a MA saturated | temper- 

mixture weight volume mixture; pee 

ee degrees 

338 .000 338 1091 258.8 3401 49.7 1073.4 
Baye 057 428 1092 234.4 3080 54.6 1071.7 
448 .150 -598 1094 192.2 2526 63.8 1068.9 
536 .240 LY, 1095 158.9 2088 74.0 1066.1 
-647 329 .976 1097 130.4 1714 85.4 1063.3 
768 415 1.183 1098 108.5 1426 97.6 1060.6 
-901 . 500 1.401 1100 91.6 1203 110.5 1058.8 
1.068 581 1.649 1101 76.4 1004 125.6 1055.0 
1.256 641 1.897 1103 66.0 868 140.0 1052.3 
1.479 737 2.216 1104 55.0 723 160.0 1049.5 
17725 811 2.536 1106 45.6 599 182.0 1046.7 
2.016 . 881 2.897 1107 38.4 505 206.0 1044.0 
2/351 951 3.302 1109 32.5 427 233.0 1041.2 
21721 1.013 3.7384 1110 27.6 363 264.0 1038.4 
3.147 1.073 4.220 1112 23.5 308 299 1035.6 
3.618 1.129 4.747 1113 20.0 263 344 1032.8 
4.158 1.181 5.339 TiS fey 8 224 385 1030.0 
4.764 L220 5.991 1116 14.6 192 436 1027 .2 
5.456 1.268 6.724 1118 12.4 163 499 1024.4 
6.201 1,304 7.505 1119 10.7 140 567 1021.6 
7.062 1.332 8.394 Tyr 9.10 118 667 1018.8 
8.015 1.352 9.367 1123 7.74 102 745 1016.0 
9.060 1.367 10.43 1124 6.61 86.8 856 1013.1 
10.23 1.372 11.61 1126 5.62 73.8 986 1010.3 
11.52 1.366 12.88 1127 41d 62.6 1,145 1007 .4 
12.92 1.351 14.27 1129 4.03 53.0 1,332 1004.5 
15.06 1/322 16.39 1130 3.26 42.8 1,618 1001.6 
16.21 1.282 17.49 1132 2.83 37.1 1,847 998.7 
18.15 1,226 19.38 1133 2.33 30.7 2,212 995.8 
20.13 1.156 21.29 1135 1.92 25.2 2,665 992.9 
22.39 1.068 23.46 1136 1.54 20.3 3,280 989 .9 
24.82 . 964 25.78 1138 1522 16.0 4,124 986.9 
27 .47 .838 28.31 1139 0.93 12.2 5,368 983.9 
30.37 .690 31.06 1141 0.67 8.8 7,370 980.9 
33.52 O19 34.02 1142 0.44 5.8 12,840 977.8 
36.89 ,o23 St ae 1144 0.24 312 19,985 974.7 
40.58 098 40.68 1145 0.065 On7 MARR Aantal 971.6 
42.21 . 000 42.21 1146 0.000 Oe OWA SSAPR Rts wiertes.rs = 970.4 


Real image. When the light proceeds from a point (O), (Fig. 4, 6), farther from the 
Jens than the focal distance, the waves after passing through the lens converge to a point (1) 


(c) 


Breas. 


between the principal focus and infinity. Thus a real image of (QO) is formed at (1) and 
the ratio of the size of the image to the size of the object is the same as the ratio of their 
respective distances from the lens. Such real images are formed by a photographic lens 


and by the objective lens of a microscope or a telescope. 
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Virtual Image. When light proceeds from a point nearer the lens than the focal dis- 
tance the waves after passing the lens appear to come from a point (J), (Fig. 4, c), behind 
the object (O), forming a virtualimage at (J). The ratio of the size of the object and image 
is, as before, the same as the ratio of their distances from the lens. This is the way a lens 
is used as a magnifying glass. For distinet vision (CZ) should be about 25 em. (10 in.), 
which is taken as the conventional distance of reference. The magnification in this case is 
approximately 25 em./(/) em. since the object is near the principal focus. 

Aberrations. Light-wave fronts, after modification by a lens, are (1) neither truly 
spherical, (2) nor the same for points on the axis and off the axis, (3) nor the same for differ- 
ent colored lights. The assemblage of points in the object is accordingly only imperfectly 
reproduced in the image formed by a simple lens. Defects (1) and (2) are called spherical 
aberrations. A sharp point in the object consequently appears hazy and elongated in the 
image, a plane does not appear flat and the relation of points in it is distorted. Defect (3) 
is called chromatic aberration and gives rise to overlapping colored images. Spherical 
aberration may be corrected by using two or more somewhat separated lenses, as in the 
familiar eyepiece of microscopes and telescopes. A compound lens that has been corrected 
for spherical aberration is called apLanatic. Chromatic aberration may be corrected by 
combining two or more lenses of different kinds of glass. When so corrected the combina- 
tion is called acHromatic. A lens system that has been corrected for three different wave 
lengths (colors) is known as an APOCHROMATIC. 


Compound microscope. The compound microscope consists essentially 


of a short focus objective lens (B, Fig. 5) which forms a magnified real image of 
the object (O), at Ui). This image is then viewed 


pi. through a magnifying or ocular lens (C) which forms 

it a virtual image at (Jy). The distance (BI,) is about 

"t, 0 ils the tube length (Z) of the microscope. The ToTan 
¥ 


MAGNIFICATION is 25/F X L/f where (F) and (f) are 
the focal lengths respectively of the ocular and the 
objective, all in em. 

In practice an objective may be designated either by its equivalent focal 
length, f, (in millimeters) or by its magnifying power, 250 mm./f, (Zeiss) or by 
its initial magnification, L/f (Spencer, Bausch and Lomb) where (L) is con- 
ventionally 180 mm. or, sometimes, 160 mm. When the initial magnification 
is given, the total magnification of the microscope is obtained by multiplying 
by the power (250 mm./F) of the ocular which is usually stamped upon it, 
e.g., 5¢ or 10x. 


Fré. 5. 


Depth of focus. With a small aperture the diffusion circle or cross section of the cone 
of light near the image (Z) of a point (Fig. 6, a), does not change much from (a) to (6) so 
that it is possible to change the focus up or down quite a little with- 
out the image losing much in sharpness. With a large aperture (Fig. 

6, 6), the diffusion circle at (a’) or (b’) is large, and hence it is not @ 
possible to go more than a little way from the true focus without losing i aan 
distinctness. The depth of focus varies inversely as the magnification «6 é 
and the numerical aperture. 

Aperture. The resolving power of a microscope or its ability to 
resolve the details of an object, is determined by the angle of the cone (a) (0) 
of light proceeding from a point in the object to the objective. This 
angle, commonly designated by 2u, is called the angular aperture of Fic. 6 
the objective. The measure of the optical power is the sine of half this ones 
angle. In case an immersion fluid is used the power is increased 7 times, n being the index of 
refraction. This expression is called the numerical aperture (N. A.) Thus N. A. = nsinu 
where n = 1 for air. 1.33 for water and 1.52 for oil of cedar (homogeneous immersion). 

The measure of the RESOLVING PowmER of an instrument is taken as the distance apart 
of two points which can be seen as separated. This distance at the maximum is \/2N.A., 
where \ is the wave length of the light used. For white light \ is about 56luu (lup = 
10-° mm.), for blue light \ = 486yy, for ultra-violet \ = 250uy. A slightly greater defining 
power is thus gained by the use of shorter wave lengths but the employment of ultra violet 
light requires the use of quartz lenses instead of glass. 


Iilumination. For the study of opaque objects and when employing low 
powers, light is thrown upon the object from above either by an outside mirror 
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or a condensing lens, or the microscope may be supplied with a special reflect- 
ing device called a vertical illuminator. In order to make full use of the 
numerical aperture of high power objectives the microscope must be provided 
with a sub-stage condenser, as carefully corrected for aberrations as the 
objective and ocular, of sufficient numerical aperture, capable of variation by 
means of an iris diaphragm. If daylight is not available, nitrogen lamps with 
special glass filters may be obtained, which give its equivalent. 

Dark-field illumination is secured by making the course of the light from 
the condenser so oblique that although it cannot enter the objective directly, 
4 portion 1s so scattered by the object as to make parts of its structure appear 
bright on a dark field. 

: Ultramicroscope. When dark-field illumination is carried to the extreme 
limit by using sunlight or the electric arc, the instrument is known as the ultra- 
microscope. The limit of visibility in the ordinary microscope is about 
150 wu (1 wu = 10-§ mm.) while that of the ultramicroscope is about 
one hundredth of this. The smallest particle that has been detected is one of 
gold, estimated to be 1.7 pp. 


Stage micrometer is a convenient scale, say 0.1 mm. divided to tenths, ruled on a cover 
glass and used as a microscope object. To DETERMINE THE MAGNIFICATION OF A MICRO- 
scorn take two visiting cards and rule a heavy black line across each. Place a stage 
micrometer under the microscope and focus it. Support one of the cards on a block at the 
side of the microscope in a plane perpendicular to the axis and at a distance of 25 cm. from 
the eyepiece. Look through the microscope with one eye and observe the card with the 
other. Adjust the card so that the line seen with one eye coincides with the image of one 
of the rulings on the stage seen with the other. Move the head slightly from side to side 
and observe if the image remains stationary with respect to the card. If it does not the 
image is not formed in the plane of the card and the focus must be altered until the parallax 
disappears. Then place the second card by the side of the first and slide it so that the line upon 
it coincides with another ruling of the image. Measure the distance apart of the card lines 
with a pair of dividers. The ratio of this distance to the known distance of the rulings on 
the stage micrometer is the magnification. 


Camera lucida. The camera lucida is a reflecting prism attached to the 
microscope tube so that the image of a card or sheet of paper placed at a dis- 
tance of 25 cm. appears superposed upon the image of any object seen through 
the microscope. It is useful for drawing the outlines of objects under investi- 
gation. Care must be used to have the field of the microscope and the surface 
of the paper about equally lighted. 


To use the camera lucida for getting magnification, adjust the card so that its image 
coincides with the image of any two lines upon the stage micrometer. The axis of the micro- 
scope may be either horizontal or vertical or inclined, depending upon the type of camera 
used. With the points of the dividers upon the card adjust their separation so that they 
appear to coincide with the image of the lines upon the stage micrometer. The ratio of the 
spread of the dividers to the known distance of the lines is the magnification. 

Micrometer eyepiece is a scale ruled upon glass so that its image formed by the eye lens 
coincides with the image under observation in the microscope. ‘The readings must be 
calibrated for the exact conditions under which each objective is used. This is readily 
done by a direct observation of the number of lines on the ocular scale corresponding to one 
division of a stage micrometer, for that particular objective and position of the draw tube. 

Filar micrometer is a micrometer eyepiece having a fixed and a movable cross wire that 
is carried across the field by means of a fine-pitched screw with a graduated head. The 
number of complete revolutions may be counted upon a comb which appears in the field, 
and the value of one of the graduations on the head may be found by counting how much it 
is necessary to revolve the head to move the cross wire a known distance, say from the image 
of one of the divisions of the stage micrometer to the next. 


Index of refraction. The velocity of light is, in general, different in dif- 
ferent media. ‘The ratio of the velocity Vi in one medium to that in another 
V2 is called the relative index of refraction Ni2, always taken in such sense that 
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the ratio is greater than unity. Thus Niz = V2/Vi. As commonly stated, 
the index of refraction of a medium is taken relative to air. 

When light passes obliquely from air to another medium the direction 
changes in a manner given by the relation n = sin ¢/sin r (Fig. 7) where 7 is 
called the angle of incidence andr is the angle of refraction, each 
being measured from the normal PP’ to the surface. The index 
of refraction is also a function of the wave-length, being greater 
for short than for long waves. Consequently a beam of white 
light generally appears colored after refraction. This differ- 
ential effect of refraction is termed pispERsion. When any 
translucent object immersed in a liquid is viewed through a 
microscope the image will appear bounded by a colored fringe 
unless both the liquid and the substance have the same index of 
‘refraction. The refractive index of a substance can be deter- 
mined by immersing it successively in a series of liquids whose 
indices of refraction are known until one is found in which the colored 
fringe disappears. Similarly if a series of transparent solids whose indices of 
refraction are known be given, the refractive index of an unknown liquid may 
be ascertained. 


Bien7.. 
Refraction 


Method of displacement of image. When a point (O, Fig. 8) in any medium is viewed 
normally through a plane boundary AB in air, the apparent depth CO’ of the point is less 
than the actual distance, depending upon the index of refraction. 
If these distances are measured, for example by focusing first on 
O then on O’, the index of refraction will be given by n = CO/CO’. 


Polarization. Light that has been so modified by 
passing through a crystal that its vibrations are rendered 
parallel to a plane is called PLANE POLARIZED LIGHT. A 
beam of such light shows different properties on different 
sides of its lime of propagation, so that it is more copiously Fic. 8. 
reflected in some directions than in others, or it will be 
transmitted by a transparent crystal section in one position and extinguished 
by itin another. Any apparatus for thus modifying light is called a potar- 
impr. It is usually a divided crystal of calcite called a NIcoL Prism. A 
similar prism used to test whether the light is polarized is called the aNALYZER. 
When the planes of polarization of the nicols are parallel, the field is light; 
when perpendicular (crossmpD), dark. 


Micropolariscope. In microscopic work a pair of nicols which may be attached to the 
instrument is used to test whether a substance is double refracting or not, and thus assist 
in identification of a specimen. When a double-refracting substance is introduced into 
the dark field between crossed nicols the light is restored and sometimes colored. In 


particular circumstances, as with a thin plate of mica or selenite, the color changes as the 
analyzer is rotated. 


Bibliography. Por further information upon the microscope, see Gage, Carpenter— 
Dallinger, Spitta, and A. E. Wright; also the Substage condenser by Nelson, and Elementary 
chemical microscopy by Chamot. 


10. Electrical phenomena and definitions 


Definitions. Electric charges are of two kinds only, positivn, obtained, 
e.g.. on a glass rod rubbed with silk, and NeGatrve, obtained when a hard- 
rubber rod is rubbed with wool. The characteristic of these charges is that 
small bodies charged with like signs repel and with unlike signs attract each 
other. Any region through which electric forces act is called an niEcrric 
rizLpD. A line through the field that has everywhere the direction in which a 
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positively charged point would be urged is called a LINE oF ForcE. Lines of 
force always start from positively-charged surfaces and run to negatively- 
charged surfaces. The magnitude of the force with which a positive-point 
charge is urged is called the INTENSITY OR STRENGTH OF THE FIELD at any 
place. The work that would be done by the forces of the field in moving a unit 
positive charge from one point to another is called the pIrreRENCE OF POTEN- 
TIAL between the two points. Since positive charges are urged from places 
of high to places of low potential, difference of potential, or electromotive 
force, may be regarded as difference of electrical pressure. The practical 
unit of potential is called the vour. The difference of potential between the 
copper and the zine of a Daniell cell (also called the gravity or blue-stone bat- 
tery) is about one volt. 

A body that permits passage of an electric charge is called a conDUCTOR, 
e.g., metals and gas carbon; a body that prevents passage of an electric charge 
iS AN INSULATOR. Gases, gums and glass-like bodies are examples. 

When a conductor is brought into contact with a second and charged body, the first 
body becomes immediately charged with the same sign as the second. When an insulator 
is touched to a charged body there is also a transfer of a certain amount of the charge but 


the electrification of the insulator is confined to the region of contact, except in so far as 
this charge may slowly creep over the surface, which may be very slightly conducting, 


When any body is brought near an electric charge the nearer side of the 
body becomes electrified with the opposite sign to the original charge, and 
the farther side with the same sign. This ability of a charged body to influence 
another through an insulating medium is called ELECTROSTATIC INDUCTION and 
the medium in this sense is called the pInLECTRIC since lines of force can exist 
only in a non-conducting medium. 


The phenomenon of induction may be differently described as follows: When any body 
is brought into an electric field it shows a negative charge where the lines of force meet its 
surface and a positive charge where they leave it. This induced charge is greatest on a 
conductor and least on an insulator. It also depends upon a constant of the insulating 
medium surrounding the body, which is called the spEciIFIC INDUCTIVE CAPACITY Or DIBLEC- 
TRIC CONSTANT of the medium. This constant is referred to air, or strictly to a vacuum, as 
unity. Thus to charge two paralleled metal plates to a difference of potential of one volt 
will take several times as much charge when they are separated by glass as when they are 
separated by air. The dielectric constant of ordinary insulators ranges from about 1 to 
about 10. When a non-conducting body is brought into an electric field the induced 
surface charge depends upon the dielectric constants inside and outside the body. 


Tf a small metal body is brought near a charged body it will, as a whole, be 
attracted because the attraction of the nearer induced and unlike charge is 
greater than that of the farther like charge, the law of the action of two-point 
charges being inversely as the square of the distance. When the first body 
touches the second body it will receive a like charge and then be repelled. For 
a similar reason a small body such as a piece of paper or quartz will first be 
attracted to a charged body but when it makes contact there will be no new 
distribution of the charges, if its surface is a very perfect insulator, and it will 
cling to the charged body. These principles are made use of to separate 
metallic particles and grains of different dielectric capacity. 

Power of points. When a conductor having sharp points is strongly 
electrified the surface charges are highly concentrated at the points and 
the field about them is intense. Particles of air are first attracted to 
contact and then so strongly repelled that they produce a stream of electrified 
wind in the vicinity, which discharges the conductor and may convey the 
charge to neighboring bodies. Electrostatic machines are often provided with 
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a series of points by which electricity is thus transferred from one part to 
another without actual contact of the parts. 

Magnetism. A body that possesses a selective attraction for particles 
of iron is called a MAGNET. Magnetic phenomena may be conveniently 
described in terms of surface charges of positive and negative magnetism. 
An elongated magnetic needle behaves as if these hypothetical charges were 
concentrated about the ends, which are termed poles. If such a needle be 
suspended so as to turn freely in a horizontal plane, it will take a position 
approximately north and south. The end that points north is called the north 
pole. Positive magnetism is consequently called NorTH MAGNETISM and its 
opposite, SouUrH MAGNETISM. The behavior of magnetic charges is analogous 
to electric charges except that there are no conductors of magnetism and conse- 
quently it is impossible to magnetize a body entirely with north magnetism or 
south magnetism. With this exception all the phenomena and definitions 
given for electricity have their complete analogues in magnets and the mag- 
netic field. The law of attraction or repulsion of two poles, the law of the 
inverse square of the distance, the passage of lines of force between poles, and 
the magnetization of a body by induction when placed in a magnetic field, are 
identically of the same form as in the electrical case. The ability of magnetic 
lines of force to pass through a body is called the peRMEABILITY of the sub- 
stance but the permeability of most substances except those of the iron group 
differs little from air. Compared to the dielectric constant whose maximum 
value is about 10, the permeability of iron may reach 3000. This taken with 
the fact that there is no magnetic leakage by conduction readily explains 
why the total values of magnetic attractions may be made so much greater 
than electrostatic. Magnetic fields can be produced by the passage of an 
electric current through a conductor, the lines of force forming closed rings 
about the conductor. For this reason strong fields, or electromagnets, are 
easily varied and controlled. The separation of magnetic from non-magnetic 
mineral grains when placed in a magnetic field is based on these principles. 


11. Electrochemical theory 


Electrons. Electricity does not appear to be distributed continuously 
through bodies but in the form of discrete charges. The smallest known 
quantity of negative electricity has a mass, or is associated with a mass about 
Vsooth of the hydrogen atom. It is the same from whatever source derived 
and is called an ELEcTRON. ‘The electronic charge is e = 4.7(10)—}° electro- 
static units, and its mass 8.8(10)—°8 gram. The hydrogen atom has a mass of 
1,.6(10)~*4 gm. Positive electricity on the other hand does not appear to be 
associated with particles smaller than the atom, and this positive charge is 
always some multiple of the negative electron. 

Atoms. Assume that the neutral atom (of atomic weight roughly 2) 
is a complex structure of N electrons grouped about a positive nucleus having 
a charge Ne, é being the value of the electronic charge. Assume further that 
a few of these electrons, called valence electrons, are arranged in the outer 
shell of the atom so that they may be readily detached. A positively-charged 
atom is then an ordinary atom which has been deprived of one or more elec- 
trons, and a negative atom is one which has acquired one or more free elec- 
trons. A MOLECULE is a stable, uncharged group of atoms. Its stability 
appears to depend upon the grouping of the electrons about the positive 
nuclei. A charged atom or group of atoms is called an 10N. 


Art. 11. ELECTROCHEMICAL THEORY 1515 


Valency. The number of electronic charges which an atom carries when it becomes an 
electrolytic ion may be termed the valence of the ion, but it is not easy to say how many 
valence electrons an atom possesses, for the atom of an element may sometimes be positive 
and sometimes negative. The positive charge is the result of the loss of one or more elec- 
trons and the negative charge is due to the acquisition of electrons. Thus chlorine has a 
negative valence 1 in HCl, and a positive valence 7 in ClyO7. Likewise carbon has a nega- 
tive valence 4 in H4C and a positive valence 4 in COo, In any such grouping the valence 
electrons can hardly be regarded as particularly belonging to either or any of the atoms 
which they join, 


Electrolysis. When an electric current passes through certain liquids 

known as ELECTROLYTES, notably aqueous solutions of acids or salts, certain 

TBS, y aq , 
elements of the solution appear, or are set free at the plates (sLECTRODES) 
by which the current enters or leaves the liquid. The former, or positive 
electrode, is called the anopE and the other, or negative, the carnopn. The 
amount of any element liberated at one of the electrodes is proportional 
to the quantity of electricity that has passed, to the atomic weight of the 
element, and inversely as the valence. This law is simply explained by the 
view that the liquid contains carriers or rons such as have been previously 
described, which are sorted out by the charged electrodes, the latter serving 
to maintain an electric field in the liquid; the positively charged ion (cation) 
is repelled from the anode and attracted to the cathode, the negatively charged 
ion (ANION) is urged in the opposite direction. 

This conclusion is still valid when the ion is not liberated, for here the ion instead of 
itself being set free enters into combination and releases a chemically equivalent amount of 
some other substance. Thus in HCl the ions are H+ and Cl-; when this is electrolyzed 
with platinum electrodes, the hydrogen ions migrate to the cathode where, by a rearrange- 
ment of electrons, a positive charge is given to the metal and a hydrogen molecule is liberated. 
In a similar manner Cl is set free at the anode. In a solution of sulphuric acid the ions are 
HH++ and SO4~--. When this solution is electrolyzed there is this difference, that after 
the ion has given up its charge to the anode a combination of SO, with the water is effected 
forming a new molecule of HySO4 which remains in solution while at the same time Og is 
set free. 


Gas pressure. The relation between the pressure, volume, and temper- 
ature of a gas is given by p = RpT'/M where p is the density, T the absolute 
temperature, M the molecular weight (the ratio of the mass of the gaseous 
molecule to the mass of the hydrogen atom) and R is a UNIVERSAL GAS CON- 
stant, If p is measured in grams per cubic centimeter, 7’ in degrees C., that is, 
T = t, + 273 where t, is the Centigrade temperature, has the value 8.31 (10)" 
ergs/em./1°C. for all gases. The pressure p of a gas is regarded as arising 
from the impact of the molecules against the walls of the containing vessel. 

Osmotic pressure. When two gases such as hydrogen and carbon dioxide 
ate separated by a porous plate, e.g., plaster of Paris, the pressure on the CO» 
side rises as & result of the more rapid diffusion of the smaller and more active 
hydrogen molecules through the pores of the plate. A somewhat analogous 
experiment may be arranged in the case of liquids. If, f or example, an aqueous 
solution of sugar be separated from pure water by a semi-permeable membrane 
or partition that allows the water molecules to diffuse through it, but stops 
the passage of the solute molecule, the level on the side of the solution will rise 
until a considerable difference of pressure is established between the two sides. 
This difference is called the osmoric pressure. In dilute solutions this pres- 
sure is that which would be produced by the same number of independent 
particles existing in the gaseous form, z.e., if these independent particles were 
molecules, the pressure would be given by an equation analogous to the 
gaslaw p = RcZ'/M where cis the concentration in grams per cubic centimeter. 
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This equation is used to test whether the particles in solution are the same in 
number as the molecules. 

Concentration of solutions. In electrochemical work a mass of a sub- 
stance equal to its molecular weight is called a GRAM-MOLECULE or briefly 
1 mou. Thus a gram-molecule of H2SO, is 2 + 32.07 + 64 = 98.07 gm. The 
concentration of solutions is frequently stated in gram-molecules per liter of 
solution. One mol. per liter is called a MovaR solution. Thus a molar solu- 
tion of sulphuric acid would contain 98.07 grams of H.SO, per liter. A NORMAL 
solution is usually defined as the molar solution divided by the valence of the 
highest ion. In the case of sulphuric acid the valence of SO, is 2, whence a 
normal solution would be 14(98.07) grams of H2SOx. per liter. 

Freezing and boiling, points. Another effect of a substance dissolved 
in water is to produce a change in the vapor pressure, and, in consequence, a 
lowering of the freezing-point and a raising of the boiling-point. This effect is 
directly connected with the concentration and the molecular weight and hence 
may also be used to test the equivalence of the number of the dissolved par- 
ticles with the number of molecules. 

Electrolytic dissociation. When a dilute solution of a non-electrolyte 
is formed in water, it is found that the resulting osmotic pressure and the 
changes of the freezing- and boiling-points are in satisfactory agreement with 
the laws just stated, but that dilute solutions of electrolytes show effects 
indicating the presence of a number of dissolved particles much greater than 
that of the solute molecules present, whence the conclusion is to be drawn that 
the molecules have split up intoions. Of all solvents water is the most effective 
in producing this dissociation. This has been attributed to the high dielectric 
constant of water. The law of attraction between two small charged particles 
is F = Q(—Q)/Kr?, K being the dielectric constant and r the distance between 
them. Thus as XK is increased the attraction between two ions of a molecule 
would become lessened. 

Voltaic electromotive force or potential difference. If two different metals 
are immersed in an electrolytic solution they become charged and possess a 
definite difference of potential, which is the electromotive force of the ordinary 
electric battery. Nernst’s explanation is that when a metal is placed in water 
there is a tendency for the metallic ions to go into solution and as these are 
always cations, 2.e., positively charged, they take this charge with them and 
leave the metal negatively charged with respect to the solution. The amount 
of metal actually dissolved is extremely smail because the charges on the ions 
are so large that they soon create an electric field which prevents any more ions 
leaving the plate. The amount of metal to bring this about, may not, in fact, 
be sufficient to form a layer one molecule thick. The osmotic pressure 
exerted by the ions in solution when equilibrium has been attained is con- 
sidered by Nernst to be a measure of what he terms SOLUTION PRESSURE or the 
tendency of the ions to go into solution. When on the other hand a metal is 
placed in a solution already containing a considerable number of ions and 
exerting an osmotic pressure greater than the solution pressure, this excess of 
pressure tends to drive some of the ions out of solution, in which process they 
give up a positive charge to the plate. In this case the plate becomes posi- 
tively charged with respect to the solution. Thus a copper plate becomes 
positively charged to +.60 volt when immersed in a normal solution of copper 
sulphate. Zinc, on the other hand, having a greater solution pressure, becomes 


negatively charged to —.51 volt when immersed in a normal solution of zine 
sulphate. 
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In a Daniell or gravity cell a plate of Cu and a plate of Zn, each immersed in a solution 
of its own salt, are combined so that the total electromotive force is the sum of these two 
differences of potential, z.¢., the copper or positive pole is about 1.11 volts higher than the 
zine or negative pole. Similar conclusions apply to hydrogen as to metallic ions, since these 
tend to go into solution as positive ions. When any solution containing hydrogen ions i 
electrolyzed, the eftect of the electric field is to drive them out of the ionic into the gaseous 
form at conducting surfaces where the force is directed away from the liquid. The theory 
not only explains the deposition of metals and the evolution of gas at the electrodes but may 
be applied to the spontaneous decomposition of water by alkali metals. Thus potassium 
has so great a solution pressure that the resulting electric force or osmotic pressure is suffi- 
hae to liberate hydrogen, since there are always a number of hydrogen ions present in 
water. 

Bibliography: Campbell, Modern electrical theory. Pidduck, Treatise on electricity. 
Starling, Electricity and magnetism. Pender, Handbook of electrical enginecring. 


12. Surface tension 


Every liquid surface behaves as if it were under tension and in some 
respects like a stretched elastic membrane. It differs in its behavior from such 
a membrane in three particulars: (1) It tends to contract indefinitely; (2) 
the tension is the same in all directions in the surface; (3) the tension is inde- 
pendent of the thickness as long as the latter exceeds a certain smail value of 
the order of 70up [Lup = (10) ext cm.] 

Surface tension is explicable in terms of the molecular forces that hold a body 
together; frequently called cohesion or adhesion. Consider a small sphere, 
whose radius is within the range of molecular forces, to be drawn about a par- 
ticle in the interior of a liquid. On account of the symmetry of the forces 
exerted by the other particles of the sphere, the one at the center will be in 
equilibrium. If, on the other hand, a similar sphere be drawn about a par- 
ticle at the surface of the liquid, there will be a resultant force on the particle 
tending to draw it into the interior. This tendency of the surface particles 
to be drawn inward makes the surface behave as if it were under tension, 
whence it is convenient to speak as if there were a tensile force acting in the 
surface. The phenomenon of surface tension is often called capiLLanity. Surface 
tension is a property of an interface or boundary between unlike phases. A 
thin layer or sheet of liquid having two surfaces is called a Frum. 

Measure of surface tension. The force necessary to keep a surface from 
contracting divided by the width of the surface at right angles to the applied 
force, is taken as the measure of surface tension 7. In the c.g.s. system it is 
the force in dynes necessary to hold a ribbon of the surface 1 em. wide from 
contracting. 

Surface energy. Surface phenomena may be considered in terms of sur- 
face energy. If two parts of a body originally united are separated against 
their mutual molecular attractions, a certain amount of work must be done 
which may be recovered when the surfaces are again allowed to unite. Thus, 
every square centimeter of a surface may be regarded as the seat of an amount 
of energy. Whenever the surface of a body, as for example, a liguid, is 
increased by stretching, a definite amount of work is done, and when this area 
is contracted, the same amount of work is recovered. This work is easily 
shown to be numerically equal to the surface tension. Accordingly if A is the 
area of a surface, the total energy is W = TA. Since potential energy tends 
to a minimum, every liquid surface tends to become as small as the boundary 
conditions permit, or if the potential energy can diminish by a change in its 
chemical constitution, or in the concentration of the components of a solution, 
this change will occur spontaneously. 


1518 PHYSICS Sec. 25. 


Angle of contact. When two fluids are in contact with a solid, these sur- 
faces are found experimentally to meet at an angle which is called the angle of 
contact. In Fig. 9, a, let the interfacial tensions be denoted by the letters 
with subscripts, and the angle of contact of the oil-water surface with the solid 
by, 0. The condition of equi- 
librium is Tso =e T sw + Tow 
cos 0. When the molecular at- 
traction between two sub- 
stances is large, the intimacy 
of contact is also great and the 
interfacial energy or tension is 
small or may even become negative, in which case the liquid W will tend to 
spread indefinitely over the solid. In the case illustrated observation shows 
that water wets the solid, since sy < 7'go, or a given area of the solid covered 
with water represents less energy than the same area covered with oil. 
lf Tso > Tsw + Tow the liquid W would tend to cover the solid completely. 
In Fig. 9, b, the oil tends to displace the water. If sw > Tso + Tow the 
liquid (OC) would tend to cover the solid completely. 


Fia. 9. 


Molecular range. The distance at which molecular forces cease to be perceptible is of 
the order of 50up. 


Tension of thin films. No change in the tension of a film occurs until 
its thickness is reduced to the order of 70uu. Tension then first diminishes 
and afterward increases as the film gets thinner, reaching a stable value at about 
12upu which is the thickness of the so-called ‘‘black-spot’’; below this tension 
diminishes indefinitely as the thickness gets less. In the case of a thin film 
of oil on water the surface tension increases slightly as the film is thinned until 
a thickness of 2uy 1s reached, which is the thickness required to stop the motion 
of camphor particles. Between 2upy and lyy tension increases about 28 per 
cent. and thereafter but slightly. 


Temperature. Diminution of surface tension with increasing temperature, t, is given 
by the relation 7’ = 7) — at where 7’p is the tension at 0° C., and a is a constant. For 
water a ~ 0.152 and for mercury 0.379 dynes per em. per degree Centigrade. 


Surface tension of solutions. Since water has a surface tension which 
is large compared to that. of most ordinary substances, the common 
effect of a contaminant is to lower the tension, often to a marked degree; this 
result is intimately bound up with the production of the colloid state. As 
salts, however, have greater surface tension than water, the surface tension of 
aqueous salt solutions is generally greater than that of water and increases 
linearly with the concentration. 

Surface concentration. Substances in solution that lower the surface 
tension of a liquid will concentrate at the surface and substances like salts 
that raise the tension tend to leave the surface layers. For this reason the 
presence of a salt does not produce a large increase in surface tension while, 
on the other hand, substances that reduce surface tension may produce large 
diminution. Any change in concentration at a surface is called ADSORPTION. 

Stability of films. A contaminated surface can adjust so as to effect 
equilibrium under circumstances where a film of pure liquid would break, 
e.g., a vertical film of pure liquid would thin down under the influence of its 
weight until it broke; if, however, the film contained a contaminant which 
by thinning out increased the surface tension, equilibrium might be regained. 
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Table 12, Surface tensions of electrolytes 


: (Solution in water for which T = 75.3 dynes per cm.; temperature, 18° C.; concentra- 
tion, 1.5 gram-molecules per liter) 


EGNOgaatst Zotz 74.2 KNOg. Fant 76.9 
FG Ita te Be 74.9 K Clepacot deer 77.6 
eis OVi jae ae 76.0 eC Ose ge 79.9 
NOHO 78.3 Ne NOge ee 77.2 
ROHR REA? 4: 78.0 Nacl24 23k! 77.8 
hg: i ene Oe INDEVINOS, ooo 0 0+ 77.0 


Table 13. Surface tensions 


Temper- Surface ‘pees Surface 
Liquid ature | tension Liquid ature | tension 
Cc dynes Ce dynes 
per cm. per cm. 
Acetiomoid. ...c.che8 ess] 720 235 Pra OTe oe ers er, 25 26.4 
Alcohol, ethyl..........] 20 16.5 Sulphuric acid sol., 
Aleohol, methyl........] 20 23.0 Ut SSeS ee oe 15 74.4 
Ammonia sol., d = 0.96.| 15 64.7 Turpentine oil....... Fhe to 27.3 
Benwzehereve wg See, L775 29.2 PANG “Olterstsi isis eye estate ere lester spacerr 30.0 
Carbon bisulphide...... 19.4 33.6 Wietbeiye eres ens segeraal|? ire: 74.4 
Carbon tetrachloride....} 20 ord BRED CCINY) tee weet er 20 16.5 
Coke-zoven Oi WPI OS. 28.0 OTC UBiyia.cte cc ysregeeiereie Ges 17.5 547 
G@hiorovornie 2s wy Pee 15 27.2 SCA ene vasavrers Asis. ligt) 2 5) 473 
Glycerine. PP 2 2. bs 18 65.2 GROUT T, s ccpateite caerct 365 810 
Er ORerICtny ebmeH i PET aS SS 25.2 | HDs ae Eee creeper es OE 1200 1000 
Liquid carbon dioxide...} 15.2 2 5 bls 5) eo La A ah AR 700 86 
Liquid chlorine......... —72 BOO ACL ise eer ecinen ort eres: 790 100 
Liquid hydrogen........|—252 ey, WON @s py LUSCU cre scree oeecus. 338 110 
Liquid oxygen..........|—183 M371 INSIN'OS, 1US6d scans ea] GO9: 106 
Liquid nitrogen.........|—196 8.5 HCI solution, d = 1.09,.} 20 74.5 
Oliveto Wes). 22. 20 82 
\ 


Table 14. Interfacial tensions 


Temper-|Tension, 
ature dynes 
Og per cm. 
Wiaterab en 261 gs nds ope oi kistiirien tal «et. Rs Gane 20 33.6 
W ater-chlorotorm, dssinete. tanned mince 20 29.5 
Water CULOl. tun erst pt gris Recht dqsm7s.-Laisa 20 12.2 
Wiater=olive, O11 t Serosc eta ites tad do binalidi yebstirte 20 20.6 
W ater-paradin, OW s.s(.t5:si atte et oteraqeehs lade saree 20 48.3 
Lavlercury=waters,« <uwisls sanpein- Gally « syskirt. fw lia 20 427 
i. Mercuny-alcoltol «, ti ssa. terre ds dgteytwrivay sath 21. 20 399 
Mercury; chlorotortign ayer sity: bsipren Fale sam as 20 399 
KEPOSEDOSWAUCT ao teiiiis- s sugiera als hlee te ib EAA RLS | 32.8 
Kerosene and pine oil—water............0e)seeee0es 11.6 
Kerosene and pine oil—0.05% sol. NaOH....]........ TES: 
Kerosene and pine oil—0.20% sol. NaOH...|........ 4.5 
Kerosene and pine oil—0.20% sol. HgSOq4....)......-. 13 42 
‘Cokezo yeu, oll——wabeltascasriahit 6 smisthinies cdek aired Doak. 14.1 
Coke-ov-en,oil—04.05%ss0l Na His) ileee web ler tear 5.8 
Coke-oven. oil—0.20% sol. NaOH. ...05 0105 Jeni caer 2.6 
Goke-oven oil—0.10% sol. NagCO3......... pcetreesié 6.6 
Coke-oven oil—0.20% sol. NagCOg......00.Jeeve seus 4.4 
Coke-oven oil—0.40% sol. HoSO4. .. 1.22. ee fenee ee ee 14.4 
Coke-oven oil—0.01% sol. sapomin.....--...)-++0-05- 9.3 
Coke-oven oil—0.01% sol. tannic acid.......]......-. 12.7 
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For this reason durable films must consist of a mixture of substances, ¢.g., 
soap and water. High viscosity also aids durability. 

Measurement of surface tension. Since the presence of the slightest trace 
of a contaminant may greatly alter the surface tension, measurements of this 
quantity are subject to considerable uncertainty and the results may depend 
on the method employed whether static or kinetic. Even greater uncertain- 
ties attach to the angle of contact. 


Wilhelmy’s method. A thin plate of very clean glass or metal is suspended vertically 
from one of the arms of 2 balance and weighed. The lower edge is then immersed in a liquid 
that wets the plate and the additional mass, m, determined which must be placed in the 
other pan to balance the pull on the plate partly immersed. Correction must be made, 
if necessary, for the effect of the fluid displaced. If J is the total length of the blade, 6 the 
angle of contact and g the acceleration of weight, 7 is found from the equation 2IT cos 
6 = mg. h 

Parallel plates. Comparative values of 7 may be found from the height of rise of 
liquids between clean parallel glass plates. Two such plates separated at the corners by 
thin sheet metal and held together at the middle are dipped into the liquids. The surface 
tensions are proportional to h/cos 0 where h is the rise and @ is the angle of contact. 

Method of falling drops. Let m be the mass of the drop as it falls from a thin-walled 
tube, r the externalradius. The surface tension may be computed by the formula 7 = mg/fr 
where f is a constant which may be taken as 3.8 when the radius of tube lies between 0.3 cm. 
and lem. If very accurate results are desired f must be determined first by experiments 
on pure water for which 7 may be taken as 74.4 dynes/cm. at 15° C. 

A similar method may be used for determining the interfacial tension when one liquid 
is allowed to drop out of the tube into another liquid. Let 74g be the interfacial tension, v9 
the total volume of the liquid delivered, Dp the density of one fluid, and Du the density of 
the other, f the constant factor and r the external radius of the tube from which 7 drops are 
detached. Then 745 = 0(Dgp — Da)g/nrf. If the effluent fluid does not wet the glass, 
ris to be taken as the inner radius of the tube. Relative values of the interfacial tensions 
of different solutions may be thus compared by counting the number of drops in which a 
given volume of the same fluid flows out into two solutions. 


Emulsions. Starting with two liquids, either may be dispersed in the 
other, but to get a stable emulsion some substance must pass into the sepa- 
rating surface and form a coherent film. ‘This film becomes concave on the 
side having the higher surface tension, and the liquid on the concave side 
becomes the internal phase. It is possible to change from an emulsion of oil 
in water to one of water in oil by changing the nature of the third component. 


With sodium soap, oil assumes the internal phase in water while with caleium soap, the 
water becomes the internal phase in oil. Hydrous ferric oxide may come down as an unques- 
tionable internal phase, or as a jelly, when it is probably the externa! phase. When water 
is the external phase, insoluble particles should not affect the surface tension; there should 
be no osmotic pressure and no diffusion except that due to Brownian movements. If, how- 
ever, the particles are slightly soluble, all of the effects named may occur in slight degree. 
If the suspensions are electrified they will move to the cathode or the anode accordingly as 
they adsorb a positive or a negative ion. Also since this adsorption will in general ke 
selective the nature of the ion will be important as well as the sign of the charge. 

Structure. When water becomes the internal phase and the less mobile phase becomes 
external, the latter will have a honeycomb structure. A distinct change in surface tension 
and viscosity would be expected but since the less mobile phase is insoluble in the other there 
would be no appreciable osmotic pressure. As these phenomena are markedly exhibited by 
gelatine the conclusion is to be drawn that gelatine is the external phase in the so-called 
aqueous solution of gelatine. Since emulsoid sols are two-phase liquids and since, further, 
gels may be obtained from them by cooling or evaporation, the conclusion is forced that 
gels possess a structure similar to emulsoids. We may naturally picture two degrees of 
solution, the more concentrated one forming the highly viscous walls of the cells which 
contain the other more dilute solution. Jellies may also have a structure like a sponge 
when, since each is continuous, there will be neither internal nor external phases, but there 
is no good reason for assuming that all jellies are of this type. 
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1. Definitions 


Mechanics is the science of motion. It considers the effects of the action 
of force upon the motion of material bodies. Iinemarics treats methods of 
describing motion and involves only concepts of geometry and time. Dynam- 
ics treats of the effect of forces upon the motion of bodies. Kinerics deals 
with cases in which the state of motion is changed by action of forces. Srarics 
deals with cases in which no such change is produced. 


These definitions are those used in a large majority of modern texts. A few writers use 
dynamics as a synonym for mechanics while others use it as a synonym for kinetics. 


Force is an action (push or pull) exerted by one body upon a second body. 
Forces occur always in pairs; the body acted upon exerts an equal and opposite 
force on the body acting. A force is completely specified by its magnitude, 
direction and sense, and point of application. In case of rigid bodies, which 
suffer no change of shape or size, the point of application is not important. 
The PRINCIPLE OF TRANSMISSIBILITY OF FORCE asserts that a force that acts 
upon a rigid body may be considered to be applied to any particle of the body 
that lies in the line of action of the force. 

Concentrated and distributed forces. While it is usual to speak of the point of appli- 


cation and action line of a force, these apply strictly to concentrated forces only. ' An actual 
force is always a distributed force whose place of application is a surface or a solid. When 
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a book rests on a table the supporting pressure of the table is applied over the surface of the 
book in contact with it. When the earth attracts a body the place of application is the 
three-dimensional space occupied by the body. A CONCENTRATED FORCE 1s one of finite 
magnitude whose place of application is a point. This ideal definition can not be fulfilled 
by an actual force, but the conception is useful and there are forces whose place of applica- 
tion is very small which may be considered as applied at a point. A DISTRIBUTED FORCE 
is regarded as made up of a large number of small concentrated forces, the combined effect 
of which, in ordinary problems, is equivalent to a single concentrated force. (See Art. 13.) 


Graphical representation. A concentrated force is a vector quantity. It 
is represented graphically by a straight line the length of which indicates the 
magnitude of the force, while the direction of the force is indicated by the 
direction of the line and the sense by an arrow placed on the line. For graphic 
work two distinct diagrams are employed and a systematic notation is useful. 

A drawing that represents a body or a structure to- 


L A gether with action lines of forces applied to it is a 
SPACE DIAGRAM. The VECTOR DIAGRAM is one in which 
ald vectors are drawn to represent the magnitudes and 


directions of the forces. In Bow’s systmM OF NO- 
B TATION forces in a space diagram are designated by 
Fic. 1. lower-case letters placed each side of the line; in the 
vector diagram by the same capital letters placed at 
the ends. In Fig. 1 the action line of force W applied to beam at L is indi- 
cated by ab, while the magnitude and direction are shown by vector AB. 
Classification of systems of forces is made according to the arrangement of 
their action lines. If the action lines lie in the same plane the system is 
COPLANAR, Otherwise NoN-cOPLANAR. If they pass through the same point the 
system 1S CONCURRENT, otherwise NON-CONCURRENT. If two or more forces 
have the same action line they are contineaR. A system of two equal forces, 
parallel, opposite in sense, and having different action lines is a couPLE. Two 
or more forces equivalent to a single force are COMPONENTS of the single force. 
The single force is the RESULTANT of its components. In generel, the resultant 
of a system of forces is the simplest equivalent system. This may be a single 
force, a single couple, or a force and a couple. When the resultant is a single 
force the EQUILIBRANT is a force equal in magnitude, having the same line of 
action but opposite sense. ComposiTron is the operation of replacing a system 
of forces by its resultant. RmsoLUTION is the operation of replacing a single 
force by a system of components. 


2 Composition of two concurrent forces 


Collinear forces form a special case of concurrent forces. The resultant’of 
two collinear forces having the same sense is a force having the same action 
line, the same sense, and equal in magnitude to the sum of the magnitudes of 
the two forces. The resultant of two collinear forces acting in opposite senses 
is a force whose magnitude is equal to the difference between the magnitudes 
of the given forces and whose sense is that of the greater. The resultant of 
any number of collinear forces is a force having the same action line and equal 
in magnitude and sense to the algebraic sum of the components. 

Parallelogram law. If two concurrent forces, P and Q (Fig. 2), whose action 
lines meet at O are represented in magnitude and direction by OA and OB, 
their resultant, R, acts along the diagonal, OC, of the parallelogram of which 
OA and OB are adjacent sides, and its magnitude is represented by the length 
of OC. This statement does not imply that O is the point of application of the 
forces. It is necessarily so with a particle (Fig. 2a). But with a rigid body 
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the point of application of a force may be any point of the body on the action 
line of the force (Fig. 2b). This law applies as well when the point O is outside 
the body (Fig. 2c). 

Triangle law. If two concurrent forces, P and Q (Fig. 3), are represented in 
magnitude and direction by AB and BC, their resultant, R, is represented in 
magnitude and direction by AC, the third side of the triangle ABC. The 
_ action line of F# is ac through the point of intersection of the action lines of 

PandQ. The resultant of two concurrent forces may be computed by trig- 
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onometry. If & (Fig. 4) denotes the angle AOB between forces P and Q, and 0 
denotes the angle AOC between P and the resultant, 2, then 

R? = P?4+ Q?-+2PQ cos a and tan 6 apps a : 

Resolution of a force into two components can be madein an infinite number 
of ways. Ifa force, F, is represented in magnitude and direction by AB and if 
C is any point chosen arbitrarily, then AC and CB represent in magnitude and 
direction the two components whose resultant is the given force, Ff. The 
usual case of resolution demands that the two components shall be at right- 
angles to each other. The RECTANGULAR COMPONENT (Or RESOLVED PART) of a 
force along any line, OX, (Fig. 5) is given by Fz = F cosa, It is understood 


Pit F fi 
x y a 
0 E —s | ial 
Fie. 5. Fig 6. Bic. 7; 


that angle a is measured in counterclockwise direction from the positive X-axis 
to the positive end of the action line of F. The resolved part of a force along 
any line represents the entire effect of the force in the direction of that line. 
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Example 1. The weight, W, of a body resting on an inclined plane (Fig. 6), exerts a 
pressure Wy normal to the plane equal to W cos a and a force Wp parallel to the plane equal 
to W cos B = W sina. 

Example 2. A body being dragged along a level plane by a force, F, making an angle, 
a, with the horizontal (Fig. 7) is urged forward by a force Fy equal to F cos a. 

Analytic composition of two forces is accomplished by using rectangular 
components. If # is the resultant of P and Q and if R,, Pz, Qz, are com- 
ponents along the X-axis and R,, Py, Qy are components along the Y-axis 
then Rz = P, + Q, and Ry, = P, + Qy. The resultant is inclined to the 
X-axis at an angle, 6, given by the formula tan @ = R,/R;. The magnitude 


of the resultant is R = VR? + R,?. 
3. Composition of any number of concurrent forces 


Coplanar forces. The resultant of any number of coplanar concurrent forces 
is found graphically by constructing a FORCE (or MAGNITUDE) POLYGON accord- 
: ing to the principle of the force triangle. 
Suppose the forces to be combined are 
F,, Fs, F;, Fs whose action lines meet at 
O (Fig. 8). Beginning at A draw AB to 
represent /,in magnitude and direction, 
BC to represent F's, CD to represent Fs, 
and DE to represent F;. The resultant 
is given In magnitude and direction by AH 
and its line of action passes through O. 

The resolved parts of a resultant in the directions of a pair of rectangular 
axes are obtained by adding the resolved parts of the components. Let R 
make an angle @ with the X-axis, 7; the angle ai, ..., F4 the angle a4, where 
it is understood that all angles are measured in a counterclockwise direction 
from the positive X-axis. Then 


Fia. 8. 


R cos 6 = Rz = Fi cosa, + fF, cosa, +... = SFy, 
Rsin@ = Ry = Fi sina; + F2 sin ag +... = DPy, 
R=VR2+R/, tan 6 = R,/Rz. 


Non-coplanar forces. When the lines of action of a system of concurrent 
forces do not lie in the same plane the resultant may be 
found by constructing a space or skew polygon by the 
same method used for coplanar forces. For analytic 
work it is customary to use a system of three mutually 
perpendicular axes. The direction of a force is indicated 
by three angles a, 8, y (Fig. 9). These are the angles 
which the action line of the force makes with the X-, 
Y-, and Z-axes respectively, each angle being less than 
180° and measured from the positive co-ordinate axis to the action line of the 
force. ‘The resolved parts of the force are given by 


Fia. 9. 


Ff, = Foose, Fy =F cos8, Fz, = Fos yx. 


The resultant, R, (direction angles a, B, y) of a system of 7 forces, F; 
(direction angles a1, 61, 71), fo, ... Fp, 1s found by the formulas 


Rz = Fy cos a; + F2 cos a2 +... + Fn cos an = ZF cosa, 
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Ry = F, cos 6 + F2 cos Bo +... + Fr cos Bn 


Rz = Fy, cosyi + Fz cos y2 +... + Fp cos yn = =F COS y, 


2F cos £, 


R=VR? > R,? + Re, 
cosa = R;/R, cosB = R,/R, cosy = R,/R. 


4. Moments and couples 


Moment of a force with respect to (about) a point is the product of its mag- 
nitude and the length of the perpendicular from the point to its action line. 
Thus (Fig. 10) the moment of F about O is Fp. It is equal to twice the area 
of the triangleOAB. Point O is the cenTER OF MOMENTS 


and distance p is the MOMENT (or LEVER) ARM. The moment 7 2 
of a force is the measure of its tendency to produce rotation eee 
about an axis passed through O ina direction perpendicular OS ae a 

to plane OAB. This measure is expressed in terms of the ef 

units of force and length, as ft.-lb., in.-tons. (Some writers Pr10 


use lb.-ft. as the unit of moment of a force to distinguish 
from ft.-lb. as the unit of work and energy.) Moments are generally con- 
sidered as positive when they tend to produce rotation in a counterclockwise 
direction and negative when the direction is clockwise. The moment of a 
force about a line or axis is found by resolving the force into two rectangu- 
lar components, one of which is parallel to the lime. The product of the 
perpendicular component and the distance from its action line to the axis is 
the moment of the given force about the given axis. The value of this 
moment does not depend on the point of application assumed for the force. 

Composition of moments is based on Varignon’s Theorem: The moment 
of the resultant of two concurrent forces about any point in their plane is equal 
to the algebraic sum of the moments of the two forces 
about the same point. The theorem is valid (a) if 
instead of two there is any number of forces, and (b) if the 
forces are merely coplanar without being concurrent. A 
similar theorem holds for moments about a line or axis. 

For analytic computation the moment of a force 
(Fig. 11) about the origin (or a line through the 
origin perpendicular to the XY-plane) is given by 
the formula: 


M = «xP, — yFx2, 


where (x, y) is any point on the action line of the force. 

Couples. Two equal and parallel forces of opposite sense constitute a couple. 
The aRM OF A COUPLE is the perpendicular distance between the action lines. 
The PLANE OF A COUPLE is the plane determined by the action lines. The 
MOMENT (or TORQUE) OF A COUPLE is the product of the magnitude of one of 
the forces and the arm. It is equal to the algebraic sum of the moments of 
the two forces of the couple with respect to any point in its plane. The 
moment is usually called positive if the forces tend to produce counterclock- 
wise rotation, and negative if clockwise. The CENTER OF ROTATION for a 
couple may be anywhere in its plane. Two couples are equivalent if their 
planes are parallel and their moments equal. Hence a couple may be turned 
about in its own plane or moved to a parallel plane or replaced by another 


2 
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couple (having an arm of any given length but the same moment) without 
altering its effect on a rigid body. ; 

Resultant of couples. The resultant of any number of couples acting in the 
same plane or in parallel planes is a couple whose moment is equal to the alge- 
braic sum of their moments. Composition of couples whose planes are not 
parallel is accomplished by vector addition. A couple is represented by a 
vector drawn perpendicular to its plane, the length of the vector (to scale) 
being equal to the moment of the couple. The vector points from the plane 
toward that side from which the rotation appears counterclockwise. This 
vector is sometimes called the axis oF THE coupLE. Any number of couples 
may be combined by adding vectors representing them according to the paral- 
lelogram law. (See Art. 2.) 

Resultant of single force and couple in the same plane (or parallel planes) 
is a single farce equal and parallel to the original force, at a distance from it 
equal to the moment of the couple divided by the mag- 
nitude of the force; and so situated that the moment of 
the resultant about the point of application of the original 
force is of the same sign as the moment of the couple. 
The couple may be brought into the position shown in 
Fig. 12. The resultant of P, —Q, and Q is R (=P) 
acting in a line through point C so that (P — Q) 
x AC =Q X BC (See Art. 5). From this it follows that 


_ Q(AC + BC) _ moment of couple 
i P © P j 


Fie. 12. 


AC 


5. Resultants of parallel forces 


Resultant of two parallel forces acting in the same direction is equal in mag- 
nitude of the sum of their magnitudes, is parallel to the forces, and divides the 
line joining their points of appli- 
cation in the inverse ratio of the bs 
magnitudes of the given forces. As 7 pf ee 
Thus (Fig. 132) R = P + Qand ee ——— 
PAE OO Serre eb ine oad es Te ve 
Also aR = cQandbR = cP. The 
resultant of two unequal parallel Q 
forces acting in opposite directions 
is equal in magnitude to differ- (a) 
ence of their magnitudes, acts in 
the direction of the larger force, 
and divides the line joining their Fie. 13 
points of application externally in Ho 
the inverse ratio of the magnitudes of the given forces. Thus (Fig. 130) 
R =P —QandP x AC = Q XBCoraP = bQ. AlsoaR = cQ and bR = cP 
Two equal parallel forces acting in opposite directions form a couple (see Art. 4). The 
equations above show that when P and Q are nearly equal, R is very small and a and b are 
very large. As the magnitude of Q approaches that of P, R approaches zero and its line of 


action recedes to an infinite distance. This gives rise to the conception of a couple as 
equivalent to a force of zero magnitude with an infinite lever arm. 


— 


poe ne 


(6) P 


Moment of the resultant of any number of parallel forces in the same 
plane about any point in their plane is equal to the algebraic sum of the 
moments of the given forces about that point. In general, the algebraic sum 
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of the moments of any system of parallel forces about any axis is equal to the 
moment of the resultant about that axis. 

: Center of parallel forces is the point of application of the resultant. If the 
points of application of any system of parallel forces remain the same while the 
direction of the forces of the system is changed, the resultant will pass 
always through the center (or cenTROID) of the system (see Art. 13). 

Center of two parallel forees may 
be found by the following construc- Q 

tion (Fig. 14). Suppose A and B are Al SEE C Ae 

the points of application of forces . eas i Bye, 

Pand Q. From A lay off AA’ equal = 

to Q but in the opposite direction to all Cc 

Q. From B lay off BB’ equal to P Pp \ 10 A B 

and in the same directionas P. The i pt 

intersection C of AB and A’B’ is the 

center of P and Q. Fig. 14. 

The magnitude of the resultant and the center of any system of parallel 
forces may be found by the following formulas. Using a set of rectangular 
axes, let the points of application of parallel forces P;, Ps, Ps, ... be (x1, 1, 21), 
(2, Y2, 22), (Xs, Ys, 3), . . -, respectively, and let the point of application of the 
resultant 2 be (2, y, 2), then 

if w1Py + a2P2+43P3; +... 


R=Pi+P,+P3:+..., LS R , 
Be ge Pe Pee. 22 aiPy + 2P.+23P3+... 
zon R nichivive R 


The sums in these formulas are algebraic sums; proper signs must be given to both co- 
ordinates and forces. The formulas are valid for all cases except when R =2>P=0. If 
the application points all lie in the same plane, this may be taken for the X Y-plane and 
the last formula is unnecessary. 


6. Resultant of any system of non-concurrent forces acting on a rigid body 


The resultant of any system of forces acting on a rigid body may be (1) a 
single force, (2) a single couple, (3) a single force and a single couple. A 
system of coplanar forces can be reduced to either case 1 or case 2. Case 3 
can occur only when the action line of the single force is not parallel to the 
plane of the single couple. 


RESULTANT OF ANY SYSTEM OF COPLANAR FORCES 


Graphic method. Case 1.. The resultant is a single force. Suppose the 
forces to be compounded are ab, be, ed, 
de shown in a space diagram (Tig. 15a). 
The magnitude and direction of the 
resultant are determined by construct- 
ing the force (or magnitude) polygon 
ABCDE (Fig. 156), in which A# is the 
resultant. The action line of the re- 
sultant is found by constructing a 
STRING (or FUNICULAR) POLYGON as 
follows. Point O (called the PoLE) is 
chosen arbitrarily and rays OA, OB, 

cae OC, OD, OF are drawn. Then, using 
Bow’s notation (see Art. 1), oa and ob are drawn, parallel toOA and OB, respec- 
tively, from any convenient point on ab; oc is similarly drawn from the point 


ge 


1528 THEORETICAL MECHANICS See. 26. 


where ob meets bc; od is drawn from the point where oc meets cd; and oe is 
drawn from the point where od meets de. Then the intersection of oa and oe 
is a point on the action line of the resultant. 


It may happen that oa and oe are parallel but, if the force polygon is not closed (see 
Case 2), this may be avoided by proper choice of point O. 


Case 2. The resultant is a single couple. If the force polygon is closed 
(points A and £ coincide) the resultant force is zero. Rays OA and OF coin- 
cide and oa and oe must be parallel. If oa and oe do not coincide, the string 
polygon is open and the resultant of the system is a couple. The moment of 
the couple is equal to the product of the force represented by OA and the per- 
pendicular distance between oa and oe. If oa and oe coincide, the string 
polygon is closed and the resultant of the system is zero. 

Analytic method. Casel. The resultant is a single force. The magnitude 
and direction of the resultant may be computed as in the case of concurrent 
forces (see Art. 3): 


R,=2F,, Ry, =2F,, R=VR,? + R,?, tan 0 = R,/Rp. 


The position of the action line of the resultant is determined by the fact that 
its moment about any point must equal the sum of the moments of the com- 
ponent forces about that point. Thusif M = X(xF, — yFz) denotes the sum 
of the moments of the given forces about the origin of co-ordinates, the action 
line of the resultant must be at distance M/F from the origin. ‘The moment 
arm of R must be laid off in such a way that the sign of the moment of the 
resultant is the same as the sign of the sum of the moments of the given forces. 

Case 2. The resultant is a single couple. In this case Rz = 0, Ry = 0. 
The moment of the resultant couple is equal to the sum of the moments of the 
given forces about any point. The value of this moment will be the same 
whatever point is chosen as origin. 


RESULTANT OF ANY SYSTEM OF NON-COPLANAR- FORCES 


This is, in general, a single force and a single couple whose plane is not 
parallel to the action line of the force. The magnitude and direction of the 
resultant may be computed as in the case of concurrent forces (see Art. 3): 


R, = 2F;, Ry = =Fy, Rz = Pz, R =VR,? + RB, + Re, 
cosa = R;z/R, cos8 = R,/R, cosy = R,/R. 


The point of application of the resultant force may be chosen arbitrarily. If 
the origin of co-ordinates is taken at this point, the resultant couple is the vec- 
tor sum (see Art. 4) of the three component couples Mz, M,, Mz, where 


M, = X(yF; — zFy) = sum of moments about X-axis, 
My, = =(2F; — xFz) = sum of moments about Y-axis, 


M, — Pay i yF yz) 


i 


sum of moments about Z-axis. 
7. Conditions of equilibrium 


Definitions. A system of forces is in equilibrium if their combined action 
produces no change in motion of the body to which they are applied. There 
is no change in motion if the body remains at rest or moves in a straight line 
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with constant speed. A rigid body is in equilibrium if all the external forces 
acting upon it form a system in equilibrium. 

Conditions of equilibrium may be expressed graphically by means of the 
force and string polygons or analytically by means of algebraic equations. In 
general, a system is in equilibrium if, and only if, the resultant force is zero 
and the resultant couple is zero. 

System of concurrent forces is shown graphically to be in equilibrium if the 
force polygon closes. Analytically the sum of the components in two direc- 
tions must be zero (see Art. 3.) 


R, = =F, =0, R, = =F, =0. 


System of coplanar forces is shown graphically to be in equilibrium, if (a) 
the force polygon closes (indicating no effect of translation), and (6), if a string 
polygon closes (indicating no effect of rotation). Analytically three and only 
three independent equations can be written which are necessary and sufficient 
to insure equilibrium of a system of forces acting in the same plane. A set of 
three such equations may be written in three different ways. The system 
will be in equilibrium if (1) the sum of the components is zero for both of any 
two directions and the sum of moments about any one point is zero; (2) 
the sum of moments about each of two points is zero and the sum of the com- 
ponents is zero in a direction not perpendicular to the line joining these two 
points; (3) the sum of the moments is zero about each of three points not in 
the same straight line. Since only three independent equations can be written, 
it is possible to solve for only three unknown elements. When more than 
three elements of a system of coplanar forces acting on a single body are 
unknown the problem is statically indeterminate. 

Non-coplanar forces. Statical problems arising in engineering practice 
seldom require the use of conditions of equilibrium in three dimensions. It is 
usually possible to simplify the problem by combining pairs of forces in 
such a way as to reduce the system to one plane (see Fig. 44). When it is 
necessary or desirable to use three dimensions, six equations are required to 
express the conditions of equilibrium. Using a set of rectangular axes these 
equations are (see Art. 6). 


ea Dia =O: Ry. = =F, = 0; Io. = I = 10 
Ma= (“ha ey) = 0 n= ery —ai,) = 0% 


Special case. If three forces are in equilibrium they must be coplanar, and must be con- 
current or parallel. If concurrent, each force is proportional to the sine of the angle between 
the other twe; if parallel, each force is proportional to the distance between the other two. 


8. Application of conditions of equilibrium 


Problems in statics deal with bodies known to be in equilibrium under the 
action of a system of forces of which some elements are known and some are 
unknown. ‘The solution of such a problem consists in finding the unknown 
elements. Success in solving problems in statics depends primarily on the 
proper choice of body or part of structure to which conditions of equilibrium 
are to be applied. This fact is emphasized in the examples that follow. 

Simple examples. 1. A body weighing 100 lb. (Fig. 16), suspended by a flexible cord, is 
pulled horizontally with a force of 40 lb. Determine the direction of the suspending cord 
and its tension. 


1530 THEORETICAL MECHANICS See. 26, 


The body to which the conditions are to be applied is the weight W in equilibrium under 
the action of three forces. The action lines of three forces must be concurrent and a moment 
equation is unnecessary. 


TXal 
z 40 lby Wa 
6 
100 1b. 40 lb, 
Fic. 16. Fie: ¥7. Fie. 18. 


First method. Resolution into horizontal and vertical components gives H: 40 — T sin @ 
= 0, and V: 100 — 7 cos 6 = 0, whence tan @ = 0.4, @ = 21° 48’, T = 107.7 lb. 

Second method. Force triangle. Since the force triangle must be closed for equilibrium, 
6 and T may be calculated from Fig. 17. The graphic method consists in measuring @ and 
T in the force triangle. 

2. In Fig. 18 a horizontal pin B carrying a weight of 200 lb. passes through the members 
AB and BC inclined respectively at angles of 45° and 30° to the hori- 
zontal and held by horizontal pins A and C. Supposing the weights of 
AB and BC to be small and negligible, find the compression in each 
member. 

The body to which the conditions of equilibrium are to be applied 
is the pin B which is in equilibrium under the action of three forces 
(Fig. 19). 

First method. Resolution into 
horizontal and vertical components 
gives H: P cos 45° — Q cos 80° = 0, 
V: P sin 45° + Q sin 30° — 200 = 0, 
whence P = 179.4 lb.= compression 
in AB, and Q = 146.4 lb. = com- 
pression in BC’. 

Second method. A force triangle 
is drawn by first laying off (Fig. Fic. 20. Fia. 21. Fig. 22. 
20) a vector representing 200 lb. 
acting vertically downwards, then drawing lines making angles of 45° and 60°, re- 
spectively from the extremities of the vector and marking A att to indicate that the 

20: P 
triangle is closed. P and Q are found from the proportion jin 75° > sin 60° 7 =a 
The graphic method con- 
sists in measuring P and Q in 


22 
the force triangle. 

me “| L “kel [" Ba: ate 3. A body of weight W is 
held on a smooth plane inclined 
pee }--—- ‘som at angle a to the horizontal, by 
1G) means of a cord making an angle 
6 with the plane (Fig. 21). Find 
Hren23; the tension 7 in the cord and 

the pressure on the plane. 

The body to. which the conditions of equilibrium are to Ue applied is the weight. WN is 
the norfhal pressure of the plane on the weight. This is equal and opposite to the pressure 
of the weight on the plane. Taking an X-axis 
parallel to plane, the method of resolution gives 
X: TeosB—- Wsina=0, Y:TsinB+N — 
W cosa = 0, whence 7 = Wsin a@ sec B, N = 
W (cos a — sin a tan B). 

4. A togzle joint is shown in Fig. 22. A 
force P is applied at A andaresistance W over- 
come at B. Find the ratio of P to W. (It is 
assumed that the weights of arms AB and AC 
can be neglected.) Let # denote the compression Fie. 24 
in each arm andconsiderthe pin B. Taking ver- co 1 
tical components: F'sina = W. Consider next the pin A. Taking horizontal compo- 
nents: 2/ cosa = P, Elimination of F between these equations gives P = 2W cot a. 


Art. 9. PULLEYS 1531 


5. Levers are classified as follows: Frrsr crass, fulcrum F between applied force P 
and resistance R (Fig. 23a); Smconp crass, R between F and P (Fig. 23b); Turrp cLass, P 
between F and R (Fig. 23c). The relation between P and R is found by taking moments 
about F: bP = aR, where a and 6b represent perpendicular distances from F' to the action 
lines of & and P, respectively. The same relation holds, if the lever is bent (Fig. 24a), or 
curved (Fig, 240). 


Ji 
c we Scale:4 in. =6000 Ib. 


D 
Fig. 25. Fia,. 26. 


6. A beam is loaded as shown in Fig. 25 and supported at X and Y. Find the support 
ing forces P and Q. 

Graphic method (see Art. 6). Since the forces are all parallel, the force polygon consists 
of segments of a straight line. Segments AB, BC, CD, DE, LA (Fig. 26), represent 2000 lb., 
4000 lb., 1000 lb., Q, P, respectively. The location of E is to be determined by a string 
polygon. Rays OA, OB, OC, OD are drawn. Using 


Bow’s notation (see Art. 1), and starting at point 2000 Ib. 4,000 lb, 

on the action line of P, the polygon oa, ob, oc, od, -9’. o=f--~5/0'-—->| 

is drawn with closing line oe. Ray OF parallel x. ee 

to oe locates point H and the unknown forces are " } 

Q = DE = 4330 lb., and P = EA = 2670 lb. ES a ee ore d—-~----= Q 
Analytic method. To find P, moments are 2000 lb. 

taken about Y: 2000 x 7 + 4000 X 3 — 1000 Fic. 27. 


x 2-— PX 9 = 0, whence P = 2667 lb. 

To find Q, moments are taken about X¥: — 2000 X 2 — 4000 X 6 — 1000 X 114+ 0x 
9 = 0, whence Q = 4833 lb. 

As a check, the sum of the vertical forces must equal zero. 2667 + 4333 — 2000 — 


4000 — 1000 = 0. 
7, A beam is loaded as shown in Fig. 27 and supported at X and Y. The reaction at X 
is 2000 lb. Find the reaction Q at Y and the distance XY. 
Taking vertical components, 2000 — 2000 — 4000 + Q = 0, whence Q = 4000 lb. 
Taking moments about X; — 2000 X 3 — 4000 X 8 + Qd = 0, whence d = 9.5 ft. 


9. Pulleys 


In Fig. 28, P denotes the force required to support weight W. If the 
pulleys were frictionless and if W 
were moving at a constant speed, 
this same P would be sufficient to 
continue the motion at this speed. 

(@) shEep. purrs, P=. 
The only advantage is the change 
of direction in which P is applied. 

(b) SINGLE MOVABLE PULLEY, 
P=W/2. 

(c) Buock AND FALL. Two 
blocks of pulleys of which the 
upper is fixed while the lower is 
movable, with a_ single cord 
passing alternately around the 
pulleys in the upper and lower blocks, the portions of cord between successive 
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pulleys being approximately parallel. Ifn(m = 5 in Fig. 28c) is the number of 
plies at the lower block, then P = W/n. 

(d) If A is a fixed pulley and n is the number of movable pulleys, then 
P = W/2". In Fig. 28d,n = 2,P = W/4. 

(ce) If n is the number of cords attached to a bar supporting W, then 
n —1is the number of movable pulleys and P = W/(2" — 1). In Fig. 28¢, 
NaS ele W. fil 

In the relations between P and W given above no account is taken of the weights of the 
pulleys. In (6) and (c) the weights of the movable pulleys merely form part of the gross 
weight to be lifted. In (d) the movable pulleys have to be lifted but do not form merely 


part of the gross weight because only one has to be lifted the same distance as W. In (e) 
the movable pulleys descend and their weight assists P in lifting W. 


10. Trusses 


Definitions. A TRUSS is a jointed frame made up of straight bars connected 
at the ends by pins. Loads are applied only at the joints and, weights of 
members being neglected, the forces acting on any one member produce ten- 
sion or compression stresses but no bending. Each member is a two-force 
piece with equal and opposite forces at each end. To insure rigidity under 
all conditions of loading the truss must be made up of a series of triangles. 
A COMPLETE FRAME (Fig. 29a) is made up of just enough bars to preserve the 

shape under all loads, and must be 

SVAN VAIS wax made up of the minimum number of 

(a) 6) a bars consistent with being composed 

$ wholly of triangles. An INCOMPLETE 

Fie. 29. FRAME (Fig. 29b) is not composed 

wholly of triangles and can carry only symmetrical or other specially arranged 

loads. A REDUNDANT FRAME has more bars than are necessary to preserve 

the shape. If both diagonals (Fig. 29c) are pin connected the frame is 

redundant. If the diagonals are designed to resist tension (or compression) 

only, the redundancy is only apparent as both diagonals will not be under 

stress at once. Stress in a redundant frame can not be determined by the 
laws of elementary statics. 

Elementary methods for calculating stresses in truss members are shown in 
the following examples. 


1. Method ofegoint resolution. The roof truss (Fig. 30) has a span of 60 ft. and rise of 
15 ft., each inclined upper chord being divided into three equal parts by normal struts. In 
each set of equations the body con- 
sidered in equilibrium is the pin at the 2000 
joint. For writing equations all mem- 
bers are assumed in tension. A plus 
sign with the answer indicates tension 
and a minus sign compression. 

With loads at the joints of the 
upper chords as indicated, the sup- 
porting forces at A and Gare found 1000 B 1000 
first and are 6000 lb. each. 

Pin A. The horizontal and vertical 4 
components are: H: ABcosa + AH roan it , [ J Te ie 
<0, V: ABsina + 6000 — 1000 = ggg" <10'-0't<10'-0'st<10'- 0"sk<10'-0% 10-0" 5 
0, whence AB = — 11,200 lb, AH = 


10,000 Ib. sin a = 0.447, sin B = 0.800 sin y = 0.949 
Pin B. Thecomponentsalongand © & = 0.894 cos B = 0.600 cosy = 0.316. 
perpendicular to BC are: BC — AB — Fic. 30 


2000 sina = 0, — BH — 2000 cos a 
= 0, whence BH = — 1800 lb., BC =— 10,300 lb, 
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r Pin H. The horizontal and vertical components are: HI — AH + HC cos B — BH 
sina = 0, HC sin 8 + BH cosa = 0, whence HI = 8000 lb., HC = 2000 lb. 

Pin C. The components along and perpendicular to CD are: CD — BC — HC cosa — 
2000 sin a = 0, — CI — 2000 cos 
a — HCsina = 0, whence CD = 
OOO IDs, (Gl = =" 2680) 1b: 

Pin I. The horizontal and ver- 
tical components are: IJ — HI + 
IDcos y — CI sin a = 0, ID sin y 
+ CI cosa = 0, whence JJ = 6000 
Ib., ID = 25207Tb: 

Stresses in the remaining mem- 5s Paty 10 tons 10 tons 10 tons 10tons 10tons 10 tons 
bers are found by symmetry. Soens 

It should be observed that, in Mie. 31. 
the preceding method, the order in 
which pins are considered is important. Before any one pin is considered it is necessary 
to know all but two of the forces acting on that pin. If this method is employed it is 
necessary to calculate stresses in all members in order to get stress in JD. 

2. Method of sections. Fig. 31 represents a Prarr Truss of 240 ft. span having 8 equal 
panels of 30 ft. each and depth 40 ft. With the loading indicated (symmetrical spacing of 

the loads being assumed) the supporting 

5000 5000 5000 5000 5000 forces at A and A’ are 35 tons. Consider 
section zz’. The portion of the truss to 
the left of xx’ is a rigid body in equilibrium 
under the action of three known forces at 
A, B,and C and three unknown stresses in 
cd, cD, and CD, which may be found by 
the conditions of equilibrium as follows: 
Taking moments about D (assuming the 


12500 12500 unknown stress as tension): — 40cd + 300 
+ 600 — 3150 = 0, whence cd =— 56.25 

Fic. 32. tons (compression). 
Taking moments about c: 40CD + 800 


— 2100 = 0, whence CD = + 45 tons (tension). 

Vertical components give — 0.8cD — 10 — 10 + 35 = 0, whence cD = + 18.75 tons 
(tension) . 

Stresses in other members may be found by using appropriate sections. The section 
must not cut more than three members in which stresses are 
unknown. 

3. Graphic method. Figure 32 represents a WARREN TRUSS 
in which each member is 20 ft. long. Figure 33 is the stress 
diagram. Using Bow’s notation the load line ALMNOK is 
laid off and the reactions KP and PA determined by sym- 
metry. Starting with joint (1) draw AB and BP which de- 
termines point B. AB is 14,400 lb. compression (since it acts 
towards the joint) and BP is 7200 lb. tension. The polygon 
for joint (2) is AL, LC, CB, BA, the new point being C. 
LC is 11,700 lb. compression, CB is 8650 lb. tension. The 
polygon for joint (3) is PB, BC, CD, DP, the new point 0) 
being D. CD is 8650 lb. compression, DP is 15,800 lb. ten- 
sion. The polygon for joint (4) is LM, ME, ED, DC, CL, 
the new point being HZ. ME is 17,300 lb. compression, HD 
is 2900 Ib. tension. The polygon for joint (5) is PD, DE, EF, Fig. 33. 
FP, the point being F. EF is 2900 lb. compression, F'P is 
18,750 lb. tension. Stresses in the remaining members are determined by symmetry. 


Scale =50001b N 
2000tb., 


11. Cranes and derricks 


Simple crane (Fig. 34) consists of a boom AB and tie BC attached to a mast 
or wall AC, with load supported at B. Stresses in the boom and tie are found 
by considering the equilibrium of pin B. The force triangle gives the propor- 
weight tension in BC. compression in AB 


sin (a + Bt sin a sin B ' 
Wall crane (Fig. 35) differs from the preceding in that the load is not carried 


tion 


1534 THEORETICAL MECHANICS Sec. 26. 


at B. The boom AD is acted upon by forces at more than two points and 
stress is no longer simple tension or compression. 
Consider the equilibrium of the rigid body AD under the action of four forces: (1) 200 |b. 


downward at E, (2) 400 Ib. downward at D, (3) a force along BC known in direction only, 
(4) a reaction at A unknown in magnitude and direction. Using two components for the 


Fig. 34. Fig. 36. 
unknown forces at A, the problem is to determine the magnitudes of Az, Ay, T as shown in 
Fig. 36. 
Taking moments about A, 4.87 — 4 xX 200 — 12 X 400 = 0, whence T = 1167 lb. 
Taking moments about B, — 84, + 4 X 200.— 4 X 400 = 0, whence Ay = — 100 lb. 
(downward). 
Taking moments about C, 6A; — 4 X 200 — 12 X 400 = 0, whence Az = 933 lb. 


Fig. 38. 


Crane with backstay is shown in Fig. 37. The problem is to determine the 
stresses in the boom CD, tie BC, mast BD, and stay AB. Since all the mem- 
bers are two-force pieces, the stresses are simple tension and compression. 

Consider first the pin C for which the force triangle is shown in Fig. 38. The triangle 
i el al = Be h CD = 3550 lb., BC = 2480 lb 
BIVeS cin 32°50’ sin74° sin 41°10” See on 
Consider next pin B, From the force triangle BD = 1280 lb., AB = 3040 lb. 


Effect of pulleys is illustrated by the crane in Fig. 
39. Stresses in the ropes are transferred by means 
of pulley to pin C, which is in equilibrium under 
forces shown in Fig. 40. 


Stresses in BC and AC are best deter- 

AC \V mined by taking horizontal and vertical 

components: H: BC — 1000 cos 30° — AC 

cos 45° = 0, V:° AC sin 45° — 1000 sin 

30° — 2000 = 0, whence AC = 3535 |lb., 
BC = 3366 lb. 


The frame of Fig. 41 introduces 
a problem in which the reactions at 
joints can be determined only by 
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considering at least two members simultaneously. Complete solution de- 
mands the forces on the pins at A, B, C, D, and the supporting force at E 
(where the frame rests on a smooth floor). 


(a) Consider the whole frame as a rigid body under the action of (1) 200 Ib. downward at 
F, (2) 300 lb. downward at G, (3) a supporting force acting upward at E, (4) the reaction of 
the pin at A having components A, (toward right) and Ay (upward). 

Horizontal components show Az = 0. 

Taking moments about A: 20H — 200 * 10 — 300 X 21 = 0, whence E = 415 lb. 

Taking moments about EZ: — 20Ay + 200 X 10 — 300 X 1 = 0, whence Ay = 85 lb. 


Fig. 42. Fia. 43. 


(b) Consider the member BD in equilibrium under the forces shown in Fig. 42. There 
are four unknown forces and only three independent equations of equilibrium can be written. 
Taking moments about B: 10Dy — 200 X 5 — 300 X 16 = 0, whence Dy = 580 lb. 

Taking moments about D: — 10By + 200 X 5 — 300 X 6 = 0, whence By =— 80 lb. 
(downward). 

Horizontal components give By; + Dy = 0. 

(c) Consider the member HC in equilibrium under the forces shown in Fig. 43. Observe 
that the forces exerted by the pin D on member EC are equal and opposite to the forces 
exerted by the same pin on member BD. 

Vertical components give Cy — 580 + 415 = 0, whence Cy = 165 lb. 

Taking moments about C: — 5D; — 580 X 5 + 415 X 10 = 0, whence Dz = 250 Jb. 

Horizontal components give Cz — Dz = 0, whence Cz = 250 lb. and, from the equation 
above, Bz = — 250 lb. (acts toward the left on BD). 

The resulting shear on any pin is found by taking the square root of the sum of the 
squares of the components. A = 85 lb., B = 262 lb., C = 316 lb., D = 632 lb. 


Wall crane (Fig. 44) illustrates a problem in space of three dimensions 


which can be solved by reducing it to problems in two planes. 


Plane ABF is perpendicular to wall ADFE. The resultant R of the tensions in BE 
and BD actsalong BF. The boom AC is in equilibrium under the action of the forces shown 
in Fig. 45, 
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Taking moments about A: 3.3R — 300 X 3 — 100 X 10 = 0, whence R = 576 lb. 

Taking moments about B: — 6Ay + 300 X 3 — 100 X 4 = 0, whence Ay = 83 lb. 

Taking moments about F: 44; — 300 X 3 — 100 X 10 = 0, whence Az = 475 |b. 

To find the tensions in BE and BD consider the equilibrium of pin B acted upon by BE, 
BD, and the boom which exerts a force equal and opposite to R. The force triangle is shown 
in Fig. 46, from which BE = 430 lb., BD = 335 |b. 


12. Suspended cables 


Catenary (Fig. 47) is the curve assumed by a heavy, uniform, flexible, inex- 
tensible cord suspended from two points. Let w be the weight per unit length 
of cord, H be the tension at the lowest point, and c = H/w. With axes as 
shown in Fig. 47 the equation of the catenary is 


Cha Se 
i Ce +e ”*°) = c cosh z/c. 
The tension at any point P is given by T = yw. 


Length LP = Cam - Baie = ¢ sinh-2/c. 


Cena fe a* ; 
SagiS = 5°" Ae") —c = Fe (approximately). 


Fig. 48. 


Suspension bridge. If the load carried by the cord is distributed uniformly 
along the horizontal, as in case of a suspension bridge, the curve assumed by 
the cord is a parabola. Let w be the weight per horizontal unit of length and 
H be the tension at the lowest point. With axes as shown in Fig. 48 the equa- 
tion of the curveisy = wx?/2H. Ifs = sag and 2a = span, then H = wa?/2s. 
The tension at any point P is given by 


T = / iP + Wx? = w Vas + 432x2/2Qs. 


13. Center of gravity 


Definitions. CENTER OF GRAVITY (c. of g.) of a system of particles is the 
point of application of the resultant of the forces of gravity acting on each par. 
ticle. For practical engineering purposes these forces of gravity may be 
regarded as parallel and the center of gravity is given by the formulas o: 
Art. 5. If wi is the weight of a particle at (a, yi, 21), we the weight of a par. 


ticle at (2, Y2, 22), . . » Wn the weight of a particle at (Xn, Yny @n) and c. of g. i 
at (x, y, 2), then 


=z a Wits oF watts + Unita — Dwies 
W+weat... fw,  - Sw,’ 

— Zwis af Dwses 

Y Swe. ah Du, 
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The center of gravity of any body is the point of application of the resultant 
of all forces of gravity which act upon every particle of the body. It is given 


by formulas 
= frdw = fudw e fedw 
oe Wee Sy aT ye? 


where W = the weight of the body and the limits of the integrals are chosen 
to cover the space occupied by the body. 

If the body is homogeneous, the density D is constant. If V is the volume 
occupied by the body then W = DV and dw = D dv and the formulas become 


fe due Ht ydov fe dv 


Oe eatat oY Oe ey 


When the body is homogeneous, the center of gravity is called the cunTROID 
OF THE VOLUME occupied by the body. The CENTROID OF A SURFACE is the 
limiting position of the center of gravity of a homogeneous thin plate one 
of whose faces coincides with the surface as its thickness approaches zero. 
The CENTROID OF A LINE is the limiting position of the center of gravity of a 
homogeneous thin wire whose axis coincides with the line as the area of its 
cross-section approaches zero. 

Symmetry. The centroid of any geometrical figure lies on any plane or 
axis of symmetry that the figure may possess. 


Table 1. Location of centroids 


Centroid of Drawing Location of centroid 
General 
1. Straight line. Midpoint. 
2. Circle. Center. 
8. Ellips2 (see also Center. 
(25)). 
4. Sphere. Center. 
5. Ellipsoid (see also Center. 
(35)). 
6. Any regular figure. Geometrical center. 
7. Plane curve. 
fe ds fo ds 
e= , Y= : 
fos fo 
| 
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Table 1. Location of centroids—Continued 


Centroid of Drawing Location of centroid 


8. Circular are (see 


also (16)). a 
fe ds 2f; r2 cos 6 dé 
= 0 r sina 
C= aanS = 
J “+ d8 m 
fas 2 3 r 
y=0. 
9. Any plane area. 
fe dA [fe dx dy 


ff cos 6dp do 


Area 


10. Circular sector 
(see also (21)). 


11. Surface of revo- 
lution. 

Take X-axis as the 
axis of revolution and 
y=f(x) as the gene- 
rating curve. 


12. Hemispherical 
surface. Gene- 
rating curve: 


2+ y2 =72 
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Centroid of 


13. Solid of revolu-| 


tion. 

When the X-axis is 
the axis of revolution 
and the area revolved 
is that under the 
curve y=f(2). 


14. Solidhemisphere. 
Generating SENS: 
a NCIS Eo 


CENTER OF GRAVITY 


Table 1. 
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Location of centroids—Continued 


Drawing 


Location of centroid 


For figure, see (11). 


( rxvras T frvtar 


2= = 5 
ie Volume 
wy2dz 


bs 
7 a a(r2 — 22) dx 


e=-0- 


Yarrs 
y=0. z=0. 


= %r. 


Lines and curves 


15. Three sides 
of a triangle 
ABC. 


16. Circular arc. 


17. Four sides of a 


parallelogram. 


— 


G=centroid. A’B’C’ are midpoints. 
Distance from G to any side BC = 
AB+AC Altitude from A 


AB+AC+BC™% 2 


C 


a 
| 

I 

{ 

\ 

i 

t 

is) 


S 


/ 
/ 
/ 
ne 
ED 
ON 
\N 
a\ 


~ 


On axis of symmetry. 
chord AB rsin@ 
arc AB 6 
(6=half of central angle in ra- 
dians). 
For a quadrant, 


OG=rx 


4r 
0G=—z = 0:9008r-. 
aV 2 


For a es 


OG=— =0.6336r. 


Given rise h(=DC) and chord 
k(= AB) substitute above, 
k24+4h2 |. Ahk 
Ge he a 
For the distance of the centroid 
from the middle point of the arc, see 
Table 2 


r= 


Intersection of diagonals. 
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Table 1. Location of centroids—Continued 


Centroid cf | Drawing Location of centroid 


Surfaces 


18. Triangle. | Intersection of medians. 


On MN joining midpoints of bases. 
Perpendicular distance from lower 
base, 

h(B+2b) 
~ 38(B+))~ 

To locate graphically, draw HI 
=B and JK=b. Centroid is at 
intersection of MN and KI. 


20. Any quadrilater- (a) Draw diagonal AD. Find 

al ABDC : centroids of triangles ABD and ACD 
(18) at H and F. Draw diagonal 
CB and find centroids of triangles 
ABC and BCD at Gand H. The 
required centroid is at the intersec- 
tion of HF and GH. 


A (b) Draw AC and DB. F=mid- 
point. of DB. Lay off CH=AEZ. 
B The centroid (@) of triangle DHB is 
the centroid of the quadrilateral and 
FG=\W%FH, 
D C 


(c) Divide the sides into thirds 
and construct the parallelogram 
with sides passing through the third- 
points as shown. The intersection 
of the diagonals of this parallelo- 
gram is the desired centroid. 


21. Sector of a circle. De 2r sin @ 
aes 


chord 


= %radiusX 


_ (radius)? chord 


3X area 


(0= 144 angle of sector in radians). 
See also Table 3. 


22. Sector of flat cir- _ 2(713—193) sin 0 
cular ring. 3(721— 1792) 6 
VY, (6 in radians). 
bane 
SS 4 PAS 
EN 
S 


Art. 13. CENTER OF GRAVITY 1541 


Table 1. Location of centroids—Continued 


Centroid of | Drawing | Location of centroid 
23. Segment of a cir- 2r sin 3 @ 
cle. OG 


~ 30—sin 6 cos 0 
(0 in radians). 
For a semi-circular segment, 


ic 
4r 
OG= 5 =0.4244r, 
AG SB 


Rel Ae Given rise h (=DC) and chord 
al k(= AB). DG =0.4h (approximately) 
OS when the segment is less than a 
semi-circle. The exact value lies 
between DG =0.4244h for a semi-cir- 
cle (k= %k) and DG =0.4000h when 
h is very small. 


24. Segment of a pa- C OG=%40C. 
rabola. For the half-segment ACO. 
Lok a ones 
A DO B 
25. Ellipse. At geometrical center. 


For semi-ellipse ABB’. 


B 
40A 
OG=——— =0.4244 OA. 
3m 
A’ : For the quarter-ellipse ABO. 
i Dg =0.4244 OA and Gg=0.4244 OB. 
B’ 


26. Zone of spherical On axis of zone halfway between 
surface. bases. 

27. Curved surface of On axis, one third of the distance 
cone. from the base to the altitude. 


28. Slanting surface Same as (27). 
of a pyramid. 


Solids 
29. Right circular _ ra _ 7? tan a 
cylinder. 4(2h+a) 2(2h-+a) 
Eon 1a a 


Y= 5-974 16(Qh-ta) 
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Table 1. Location of centroids-—Continued 


Centroid of Drawing Location of centroid 


30. Frustum of a <7 _A(R2+2Rr +37?) 
right circular 4(R2+Rr+r2) 
cone. 
31, Cone On axis one-fourth of distance from 
: : base to apex. 
OT OVEN 
32. Pyramid. ~ Same as (31). 
(ines beak ee SOMOS Ve er 
33. Segment ofsphere aa 3(2r— i 
¢ — 8r—h 
h a h(2a2+h?) _h(4r—h) 
ARSED a8 DG= 5 (3q2-+i2) — 4(3r—h)’ 
SI 
of 
34. Zone of sphere. h(2R2+-4r2+ h2) 
2(3R2+ 372+ h2)" 
35. Paraboloid. On axis, one-third of the altitude 


above the base. 


36, Ellipsoid. Lengths Centroid of one octant is at 
of semi-axes z=%a; y= %d; z=36c 
=a, b, c; equa- 
tion: 


Table 2. Distance of centroid of circular are from middle point of are 


h/k CG/h jh CG/h 
0.01 0.333 0.30 0.347 
0.10 0.334 0.35 0.351 
0.15 0.337 0.40 0.355 
0.20 0.340 0.45 0.359 
0.25 0.343 0.50 0.363 


Table 3. Location of centroid in circular sectors (Sec. 21, Table 1) 


0° | OG/r 6° | OG/r || 8° | OG/r 6° | OG/r 
5 | 0.666 |} 50 | 0.585 || 950.400 || 140 | 0.175 
10 | 0.663 || 55 | 0.569 || 100 | 0.376 || 145] 0,151 
15 | 0.659 |) 60 | 0.552 || 105 | 0.351 || 150 | 0.127 
20 | 0.653 |) 65 | 0.538 |) 110 | 0.326 || 155 | 0.104 
25 | 0.646 |) 70 | 0.518 || 115 | 0.301 || 160 | 0.082 
30 | 0.637 || 75 | 0.492 || 120 | 0.276 || 165 | 0.060 
35 | 0.626 || 80 | 0.470 |] 125 | 0.250 || 170 | 0.039 
40 | 0.614 || 85 | 0.447 || 130 | 0.225 || 175 | 0.019 
45 | 0.600 |) 90 | 0.424 || 135 | 0.200 || 180 | 0.000 . 
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Principle of combination. The centroid of a plane figure composed of two 
parts lies on the line joining the centroids of the two parts and divides the line 
in the inverse ratio of the areas of the two parts. A 
similar statement holds for lines, curved surfaces, and 
volumes. If the figure is composed of more than two 
parts, the centroid is found by the formulas (Table 1), in 
which w; denotes the area (or length or volume) of one 
part and (a%, yi, 2) is centroid of this part. The formulas 
are good for finding the centroid of a figure from which a 
part has been removed, provided the part removed is 
given a minus sign. Fic. 49, 


Example. Find the centroid of the remainder of a circle of radius r after a circle of radius 
r/2 has been removed (Fig. 49). 
From symmetry, y = 0. wy = xr2, w2 = — ar2/4, 21 = 0, yy = 0, ze = 7/2, yo = 0. 


mre X 0 — 
OGZG=7;2= 


s 
2 


wre — 


14. Moment of inertia 


Areas 


Moment of inertia of a plane area about an axis is the limit of the sum of the 
products obtained by multiplying each element of area by the square of its 
' distance from the axis. ‘The moment of inertia is different for different axes. 
The axis used is indicated by a subscript, thus J, = moment of inertia about 
the X-axis. 
In Fig. 50, 


The = || CELA =f fyrae Giel,, = fardA =f faar dy. 
4 


! 6 
7 
I 


lowe downs 
i i 


Fie. 50. Fig. 51. Fie. 52. 


The moment of inertia is always positive (never zero). It is called polar 
if the axis is perpendicular to the plane. J» denotes a moment of inertia 
about an axis through O perpendicular to the X Y-plane. 


vi =-{@ 4 apydA = { f@r+ pax ee =f ford do. 
ames 


(Caution. This relation does not hold unless X- and Y-axes are perpendicular.) 
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Radius of gyration, k is given by I = Ak?, whence k =VI /A. 

Parallel axes. The moment of inertia of a plane area about any axis is 
equal to the moment of inertia about the parallel axis through the centroid 
plus the product of the area and the square of the distance between the axes. 
Thus (hess) lq =eligsy Ald". 

Product of inertia of a plane area with respect to two co-ordinate axes is the 
limit of the sum of the products obtained by multiplying each element of area 


by the product of its distances from the co-ordinate axes. Thus Pz = if ay dA. 


The product of inertia may be positive, negative, or zero. It is positive for an 
area in the first and third quadrants and negative for an area in the second 
and fourth quadrants. 

Parallel axes. The product of inertia of a plane area with respect to a pair 
of rectangular axes is equal to the product of inertia with respect to a pair of 
parallel axes through the centroid plus the product of the area and the dis- 
tances between the axes. Thus (Fig. 52) Pry = Pry + Azy. 

The product of inertia of an area with respect to a pair of axes one of which 
is an axis of symmetry is zero. 

The moment of inertia of a plane area about different axes lying in the same 
plane and passing through the same point-is calculated by 


I; = Iz cos? 6 — Pry sin 26 + I, sin? 6. (Fig. 53.) 
Y 


t 
—— 
Podigibel/ 


Fig. 53. Fie. 54. 


Principal axes. Given any plane area and any point inits plane. Consider 
all axes passing through this point and lying in its plane.. Among them there 
is one about which the moment of inertia of the area is a maximum and one 
about which it isa minimum. (If the figure is a regular polygon and the point 
is its center, the moment of inertia is the same for all the axes.) These are 


called PRINCIPAL AXES. They are perpendicular and the product of inertia 
with respect to them is zero. 


Solid bodies 


Moment of inertia of a solid body about an axis is the limit of the sum of 
the products obtained by multiplying each element of weight by the square of 
its distance from the axis. (Moment of inertia is also defined by using 
mass instead of weight.) In Fig. 54 ; ke 


box 
Rea up ye +2)dW, Ty=)(@+29dW, T= ‘N (a? + y?)dW. 


Radius of gyration, k, is given by I = Wk?, whence k = WAT /W. 
Parallel axes. The moment of inertia of a solid body about any axis is 
equal to the moment of inertia about the parallel axis through the center of 


gravity plus the product of the weight and the square of the distance between 
the axes, 
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Product of inertia of a solid body with respect to two co-ordinate planes is 
the limit of the sum of the products obtained by multiplying each element of 
weight by the product of its distances from the co-ordinate planes. Thus 


Pr = yuydWw, Pyz =f aWe ee = [ex dW. 


The product of inertia of a solid body with respect to a pair of planes, one 
of which is a plane of symmetry, is zero. 

Principal axes. Given any solid body and any point as origin, among all 
the axes passing through this point there is one about which the moment of 
inertia of the body is a maximum and one about which it isa minimum. (For 
certain regular bodies, if the origin is at the center, the moment of inertia is the 
same about all axes.) These two axes are perpendicular and, with a third 
axis perpendicular to each of them, determine a system of co-ordinates for which 
the three products of inertia vanish. These axes are the PRINCIPAL AXES. 
If a body has a plane of symmetry, the perpendicular line at any point of the 
plane is a principal axis for that point. If a body has two planes of symmetry 
(at right angles to each other) their line of intersection is a principal axis for 
every point on it. If a body has three planes of symmetry (at right angles to 
each other) their lines of intersection are the principal axes at the point of 
intersection. 


Table 4. Moments of inertia 


a Ijg=polar moment of inertia. O is centroid 


i Drawing . Moment of inertia (a) 
Figure g ) 


Plane figures 


1. Solid square. 


A= sy? oa 822, 
syt—syt A (s12 +89?) 


at Cae 12 


sy4— set A (s12 +80?) 
Naar Ses | 6 


2. Hollow square. 
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Table 4. Moments of inertia—Continued 


Figure 


Drawing 


Moment of inertia (a) 


3. Solid rectangle. 


4. Hollow rectangle. 


5. Triangle. 


6. Isosceles triangle. 


7. Solid circle. 


8. Solid semi-circle, 


/ 


Saeed) _— 


bh3 bh3 
Ig=35° Ia=° 

b3h3 bh(b2-+h2) 

To= 2th” To= Sai ee: 


by hy3 — boho3 
Sai 
_ brhy (bx? + hy?) — dohalb 2* + he?) 
< 12 j 


Io 


bhs bh 
0=36° Ta=ip° 
bh3 b3h 
c= Te=75° 
bh(3b2 + 4h?2) 
CTT 


4 

es eS Apa 4 

Ig Ga 0.7854r4 = 0.0491d4. 
art = ad4 


io= eacoe < 1.5708r4 = 0.0982d4. 


8 
on)” 
=0.1098r4=0.00686d4. 
art ad4 
ifs Gp 128 
= 0.3927r4=0.0245d4, 


7 8 
Io => eS —— 5) r4 
= 0,5025r4=0.0314d4, 


v 
Ig=(5- 4 


: 
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Table 4. Moments of inertia—Continued 


Figure | 


9. Hollow circle. 


Drawing 
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Moment of inertia (a) 
wv 
= q(t? — dp”). 
T A 
Ig= 64 (21 —d24) = 6% + dy?). 


7 A 
Io= 39 4 — dot) = “g(a? + de?). 
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Table 4. Moments of inertia—Continued 


Figure | Drawing Moment of inertia (a) 
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KINETICS 
15. Definitions and laws 


Velocity and acceleration. Venocrry is the rate (with respect to time) of 
change of position of a point. It is a vector quantity (having magnitude and 
direction). The magnitude of velocity is spEED. ACCELPRATION is the rate 

(with respect to time) of change of velocity and is a vector quantity. In 
considering plane motion of a point two methods of taking components of 
velocity and acceleration are useful in engineering problems. 

(1) Components parallel to fixed axes. The position of the point is given 
by co-ordinates (x, y). 


vz = dz/dt, vy, = dy/dt, v =V 0,2 +H oy? 
az = dv;/dt = d?x/dt®, ay = dv,/dt = d*y/dt?, a =Vaz? + a,’. 


(2) Components along the tangent and normal to the 
path, The position of a point is given by the distance s w oa) 
from a fixed point A on the path (Fig. 55). 


ti, = 0, »% =v = ds/dt, 


dn = v2), a; = av/dt = d’s/di2,, a =V an? + aj’, eee: 

where 7 = radius of curvature. 

Momentum of a particle is the product of mass and velocity. 

Momentum = weight X velocity/g, where g = acceleration due to gravity. 

Newton’s laws of motion. J. Every body continues in its state of rest, or 
of uniform motion in a straight line, except in so far as it may be compelled 
by force to change that state. 

II. Change of motion (rate of change of momentum) is proportional to the 
force applied and takes place in the direction in which the force acts. 

Il. To every action there is always an equal and contrary reaction; or, the 
mutual actions of two bodies are always equal and oppositely directed. 


16. Motion in a straight line 


Uniform motion. Acceleration is zero, velocity, v, isconstant. If the posi- 
ition of the moving point is given by its distance, x, from the origin and if 
x = % when t = to, then 

L — Ly = v(t — ty). 


Uniformly accelerated motion. Acceleration, a, is constant. If x = 26, 
Y = Vo, when t = to, 
dv/dt =a, v—v = a(t —t), 2 — xo = Malt — to)? + volt — b), 
v2? — v2 = 2a(x — 20). 
For bodies moving in a vertical line under the force of gravity, a = g. The 
value of g varies slightly for different positions on the earth’s surface. The 


standard value of g adopted by international agreement is 32.1740 ft./sec.2 = 
980.665 cm./sec,2. The value ordinarily used is g = 32 ft./sec.” 
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If a body falls from rest 
v= gt, « = Yogt?, v? = 2gz. 
If body is projected down with velocity 9, 
v = gt + x, x = Ygt2 + vol, v2 = Qgr + x2. 
If body is projected up with velocity v9, 
v = v — gt, xz = rt — Wg, v2 = 92 — 2ga. 


Time of ascent = 9/g, height reached = 14u92/g. 
For motion under gravity on a smooth plane inclined at angle @ to 
horizontal, a = g sin @. 
Atwood’s* machine consists of two weights attached to the ends 
ofa cord passing over a pulley (Fig. 56). Suppose the inertia of the 
_ pulley is neglected (see Art. 19) or that the cord passes over a smooth 
W peg. If W, > We, the acceleration of the weights is given by 
3 W Wi — We cen : 2WiWe 
=—=_—9, and thé tension in) thelicordyis> Ti=. = =. - 
Fig. 56. ‘ Wises 


General force equation. Ifa particle of weight W moves along the X-axis 
under the action of forces whose resultant is F’, 


W 
= — ale 
g 


This equation is homogeneous in force and acceleration and any system of 
units may be used. In engineering practice force is measured in pounds and 
acceleration in feet per second per second. The usual problem in kinetics is 
one in which F' is known and the initial position, xo, and initial velocity, vo, 
are given (at time ¢t = 0) and it is desired to determine the subsequent motion. 
The solution demands integration of a differential equation of the second order 
for which no general method can be given. Three formulas for acceleration 
are useful, 
a = dv/dt = d*x/dt? = v dv/dz. 


Methods of solution are illustrated below. 


Example. A 30-ton car moving with a speed of 3 mi./hr. has a spring in the draft rigging 
requiring a force of 60,000 Ib. to compress it lin. How much will this spring be compressed 
when the car strikes a bumping post? 

Let t = 0 be the instant when the car strikes the post and x = distance moved after 
t= 0; then 2 = 0. % = 3 mi./hr. = 2% ft./sec. The force exerted by the spring is 
proportional to the compression (= xz). Hence F = — 720,000z, where F is measured in 
Ib. and x in ft., the minus sign being used because the force on the car is opposite to the 
direction of motion. The force equation becomes 60,000a/32 = — 720,000z, whence 
» dvo/dx = — 384x. Integrating, v2/2= — 38422/2 + C, where C is a constant to be 
determined by the initial conditions. » = 224 when x = 0, whence C = 24255. The 
problem is to determine compression when the car has stopped. Setting » = 0, ¢ = 


11 -V/96/480 ft. = 2.69 in. 


Resisting medium. The resistance of air depends on the speed of the 
moving body, being proportional to the square for low speeds. The factor of 
proportionality depends on the size and shape of the body. 

Consider the effect of air resistance on a falling body. The resultant force is W — kv, 


and the force equation gives Wa/g = W — ky2, whence a = dv/dt = g — kv2, where 
k = kyg/W. To integrate, write dv/(g — kv2) = dt, whence 


1 duchisnin) A 
(eae = VkEt+C. 
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The constant of integration, C, is zero if x = 0, and» = 0 whent=0. Solving for », 
_ dx Vo(eVkot — e— Vig t 2 Aire 
5 Vivian ae ie i = k tanh V kg t. 
1 (ea oa e Vig 3) 1 
oH = lor = 
k 2 k 


Integrating, 


log cosh Vkg ts 


The expression for acceleration shows that the speed has a limiting value, » = V o/k. The 
relation between » and 2 is obtained by using a = v dv/dx and integrating, 


g g 
1 ea) = es — 2kz 
og me 2ke or v2 re e a 


17. Motion of a particle in a circle 


N otation. When a particle moves in a circle of radius 7, its position is given 
by its angular displacement, @ (Fig. 57) from some fixed diameter. Angular 
velocity, w, and angular acceleration, a, are given by 


BiG.57- 


Distance, velocity, and acceleration are given by 
s=70, v=Te, A@=Ta. 


Simple pendulum consists of a small heavy bob on a light string (Fig. 58). 
The forces acting on a particle are the weight, W, and tension, 7. ‘The result- 


ant force along the tangent = —W sin 0; the resultant force along the normal 
= T —W cos 0. The force equations are Wa/g = — W sin 0, Wan/g = 
T —Weoos@. Since a, = 0, tension = W cos 0. 

To determine the motion: a,/g = la/g = — sin 8. 


The solution of this equation leads to elliptic functions. Approximate 
solution can be obtained by putting sin 6 = 6. (Difference between @ and 
sin @ is less than one per cent. if @ is less than 14°.) The differential equa- 
tion becomes w dw/d@ = — gé/l. If the pendulum is at the end of its swing 

, dé 
when t = 0, then 0 = 8, » = 0. Integrating, w? = g(6? — 6”) /l; w = Fie 


is l 
=e Vie — 6°), Integrating, @ = 6B cos vit Period of oscillation = 27 Ve 


Conical pendulum (Watt governor) consists of a heavy bob suspended from a fixed point 
by a light string so that it can be made to rotate about the vertical axis through the fixed 
point (Fig. 59). If the bob rotates with constant angular velocity, w, the quantities ¢, r, h 


are constants. Since there is no vertical acceleration, Tcos¢ = W. The force acting 
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inward on the bob is 7 sing. Hence the force equation gives T sin¢ = Way/9 = Wv2/gr, 
and tan @ = 22/gr = rw2/g. Also h = g/w2, T = Wlw?/g. ; 

Super-elevation of outer rail of a railroad track is determined by the preceding equations 
where (Fig. 60) r = radius of curvature in ft. and » = speed in ft./sec., tan o = v2/gr. 
For small angles we may use the sine instead of the tangent and, ifh = super-elevation of the 
outer rail in inches, h = 56.5v2/gr, 


et fs a 
- Horizontal 


. 


Fie. 59. Fic. 60. Fia. 61. 


Skidding and tipping. Suppose a car (Fig. 61) is taking a curve of radius r ft. at a speed 
of » ft./sec., G is center of gravity, Nj is the vertical and F, the horizontal pressure on the 
outer wheel. The problem becomes one of statics by introducing Wv2/gr = Fy + Fp=F= fW. 
If f <2/gr, the car will skid. Suppose f > v2/gr, then Ny = W(14 + v2h/dgr), No = 
W (14 — v2h/dgr). The critical speed is 1} = V dgr/2h, when the total weight is borne on 
the outer wheel. If this critical speed is exceeded, the car will tip over. 


18. Plane curvilinear motion of a particle 


Rectanguiar force equations. If the co-ordinates of a particle are x, y, com- 
ponents of velocity and acceleration are vz, vy, and az, ay (see Art. 15). Lf 
the F’;, Fy, are the components of the resultant force on the particle, the force 
equations are 

W W Px AWeday > Wieridey 


qt gage lige Grietaig Gy = Fa 


W Wdy Wa, W dy - 


g YG -aptiniigs dit Tolga tyingpet ob 


Normal and tangential force equations. Ifa particle, P, moves along a curve 
OP (Fig. 62) and s is the distance along the curve from a fixed point O, then the 
total velocity is along the tangent and v, = 0. If F, and F; are the normal 
and tangential components of the resultant force on the particle, the force 
equations are 


W Wo W (“:) 7 820°. 3 Wds Wdv W d 


Hire iO2 Fig. 63. 


Constrained motion occurs when a particle is compelled to follow a given 
curve. Suppose the particle slides under action of its own weight and friction 
is neglected. If v = velocity at A (Fig. 63) and v = velocity at B, then 
v? = v9? + 29h. The final speed depends only on the vertical height fallen 
and not on the shape of the curve or the distance moved. The speed at B’ is 
the same as the speed at B, If P = pressure of the curve on the particle, 
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Wa,/g = tangential component of weight, Way,/g = Wv2/gr = P + normal 
convponent of weight; and P = Wv?/gr — normal component af weignt, where 
the positive direction of the normal is toward the concave side of the curve. 

Example. A particle slides on a smooth vertical circular wire and is just started from 
rest at the top. Find the pressure on the curve at B and C (Fig. 64). 


At B, v2 = 2gr, the normal component of weight = 0, and P = 2W. At C, 12 = sa 
the normal component of weight = — W, and P = 5W. 


Fie. 65. 


Projectile (Fig. 65). If air resistance is neglected, the only force acting 
(after the initial impulse) is weight. The force equations are Wa,z/g = 0, 
Wajg=— W. itewhen t1=0, 2 —=0, 7=0, » =v, and the angle 
of the projection with the horizontal = B, x = tv cos B, y = tvo sin B — Vge?. 
The trajectory is the parabola y = x tan B — gx?/2v? cos? B. The height, 
H = v,? sin? B/2g. The horizontal range R = vo? sin 26/g. The time of 
flight 7’ = 2vo sin B/g. 


19. Work, energy, power 


Work is said to be done on a body by a force when its application point is 
displaced so that the displacement has a component along the action line of 
the force. If the force F is constant in magnitude and direction and the dis- 
placement in the direction of the force is s, the work done is Ff Xs. The 
engineering unit of work is the roor-pounp (ft.-lb.). If F is constant in 


direction but variable in magnitude, the work = a Fds. If the displacement 


of the application point is along a curved path, the normal component of 


force does no work and work = it Fids. The work done in rotation of a rigid 
body is Js G dé, where G = the moment of forces (torque) producing the rota- 
tion. If Gis constant, the work done = G X 0, where 0 is the angle turned 


through. 

Energy is the capacity for doing work which is possessed by a body or system 
of bodies by virtue of their motion or relative positions. POTENTIAL ENERGY 
is that due to position. Kryeric ENpRGY is that due to motion. For a par- 


ticle of weight W moving with velocity v, 
W 
Ke ig 


The fundamental relation between work and kinetic energy is as follows: 
The work done upon a rigid body by an external system of forces is equal to 
the change in kinetic energy of the body. If the body is a particle (or body 
which does not rotate) and if v9 = initial velocity and v = final velocity, the 


work done = W(v? — 00?) /2g. 
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Power is the rate of doing work. The engineering unit is the horsepower 
(hp.) = 550 ft.-lb./sec. = 33,000 ft.-Ib./min. 

Work diagram. Let F be the component of force in the direction of motion 
of the point of application, P, and suppose P moves a distance AD (Fig. 66). 
Curve BC is obtained by plotting distance as abscissa and force as ordinate. 
Then the work done by the force is given by 


f, os ds = Area ABCD. 


Example is furnished by steam pressure on a piston head. Up to the point of cut-off, 
K, the pressure is practically constant and equal to that in the boiler, and the work done is 
represented by the area ABB’ K* (Fig. 67). After the entering steam is cut off, the pressure 
varies (approximately) inversely as the distance moved from K, and the work done by the 
expanding steam is represented by the area KB’/CD. If on the backward stroke the piston 
head moves against a pressure, the work done by this pressure will be negative and be repre- 
sented by the area AHED, which must be subtracted. The resultant work done on the 
piston head during one revolution is represented by the area HBB’/CE. The curve obtained 
in practice is somewhat irregular (Fig. 68) and the work done is calculated by the measuring 
area with a planimeter. 


Se —— SI 
Fic. 66. 
{0 fi.-lb, | 160 ft.-lb. 
101. 20 1b, 20, as a 
ZO ft-15\ 
Lt dstlanoe 10 
° i ke’. Ones’ ote 8 ot 8! ot 
BiG. 66. Fic, 69, 


Examples of work and energy 


1. The work diagram for the resultant of forees moving an 80-Ib. weight along a hori- 
zontal plane is shown in Fig. 69. If the weight starts from rest at A, find the speed at B. 

The work done = 120 + 160 + 80 — 40 = 320ft.-lb. KE = 1% 80v2/32 = 320, whence 
» = 16 ft./see. 

2. Water falling from a height of 120 ft. at the rate of 1000 cu. ft./min. drives a turbine 
directly connected to an electric generator at 120 r.p.m. If the total resisting torque due 
to friction is 250 lb.-ft., and the water leaves the turbine blades with a velocity of 15 ft./sec 
find the power developed by the generator. 

1000 X 120 X 62.5 = 7,500,000 ft.-lb. = work done by force of gravity per min. 
.1000 X 62.5 X 15 X 15/2 X 32 = 219,700 ft.-Ib. = KE of water leaving turbine blades 
per min. 250 X 120 X 27 = 188,500 ft.-Ib. = work used to overcome friction. 7,500,000 
— 219,700 — 188,500 = 7,091,800 {t.-lb./min. = 214 hp. = 160 kw. 


Mechanical efficiency of a machine is the ratio of useful work Wy, per- 
formed by the machine to the work applied W, to the machine, 
u 


Efficiency = = 
a 


Wa — W, = work done in overcoming friction, or loss of energy due to 
friction. 
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20. Impulse, momentum, impact 


Impulse of a force constant in magnitude and direction is the product of the 
force and the time during which it acts. If the force is variable in magnitude 


but constant in direction, impulse ={F dt. The unit of impulse is the 


POUND-SECOND. Impulse is a vector quantity having the same direction as the 
force, if this direction is constant. If the direction of the force varies, the 
resultant impulse is the vector sum of the impulses of the components of the 
force. 


Momentum of a particle of weight W moving with velocity v is Wv/g, and is 
a vector quantity having the same direction as the velocity. The angular 
momentum of a rigid body rotating about a fixed axis is Iw/g, where J = the 
moment of inertia about the axis of rotation, and w = angular velocity. The 
fundamental relation between impulse and momentum is: The impulse of 
the resultant force acting upon a particle is equal to the change in momentum 
of the particle. This is to be understood in the vector sense and may be stated: 
The component along any line of the impulse of the resultant force acting on a 
particle is equal to the change in momentum of the particle along that line. 


Example. A jet of water strikes a concave vessel with a velocity of 80 ft./sec. and 
leaves it with a velocity which has the same magnitude but makes an angle of 120° with the 
original direction. If the diameter of the jet is 1 in. find 
the force necessary to hold the vessel in position. 

The sustaining force F must bisect the acute angle be- 
tween the lines representing the original and final velocities. 
Let the line of action of F (Fig. 70) be taken as the X-axis. 
There is no change in the Y component of momentum. 
The impulse of the force in the X direction in ¢ sec. = 
F Xtlb.-sec. The weight of water deflected in ¢ sec. is 
W = 807 X 62.5 t/576 lb. The component of original mo- 
mentum in the X direction =— 80 W cos 30°/g lIb--sec. 
The component of final momentum in the X direction = 
80 W cos 30°/g lb.-sec. The change in momentum in the 
X direction = 160 W cos 30°/g = 5W cos 30° Ib.-sec. The 
fundamental relation gives Ff KX t = 5 X 807 X 62.5 X eos 
30° X t/576, whence F = 118 Ib. Observe that the sus- 
taining force F does no mechanical work and that the water suffers no loss of kinetic energy, 


Impact occurs when two bodies collide. It is prrscr when the motion is 
perpendicular to the striking surfaces; otherwise it is opLiqguE. It is CENTRAL 
if the normal to the striking surfaces passes through the centers of gravity of 
both bodies; otherwise it is ECCENTRIC. 

Phenomena of impact. During the impact of two bodies some deformation 
occurs, beginning at the instant the bodies come in contact and increasing 
to a maximum. Deformation may be permanent (bodies are inelastic) or 
the bodies may regain their original shapes (completely, if bodies are per- 
fectly elastic; partially, if bodies are imperfectly elastic). The time of 
impact of elastic bodies is divided into two parts; first, the period of com- 
pression (or deformation) during which the force exerted by one body on the 
other is the force of compression; second, a period of restitution, with a cor- 
responding force of restitution. There is no period of restitution in the case of 
inelastic bodies, which will remain in contact with maximum deformation and 
will move on with a common velocity. The time of impact is very short and 
it is not possible to determine the force acting at any instant. (But see Example, 
Art. 16.) The quantity which can be measured is momentum, from which the 
value of the impulse may be inferred, Ratio, e, of impulse of restitution to 
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impulse of compression is the COEFFICIENT OF RESTITUTION (or elasticity). 
For inelastic bodies, e = 0; for perfectly elastic bodies, e = 1; for imperfectly 
elastic bodies, 0 < e <1. When two bodies collide there is no loss of momen- 
tum of the system, but there is loss of kinetic energy except when the bodies 
are perfectly elastic. 

Direct central impact. Let W and W’ be the weights of two bodies in col- 
lision. Let wu = velocity of W before impact, u’ = velocity of W’ before 
impact, v = velocity of W after impact, v’ = velocity of W’ after impact. 
Then Wu + W'u' = Wv + W'v’. If this equation be divided by g we have 
the statement: The total momentum of the system is the same after as it was 
before the impact. The coefficient of restitution is, e = (v’ — v)/(u — wv’). 
Th iv f Bis: Wu + Ww’ — W’e(u — wu’) 

e velocities after impact are, » = Wiew P 
c Wu+ W'u' + We(u — wu’) 

ee Wes ralé: 
The loss of kinetic energy is expressed by the equation, 


Ww'(1 — e2)(u — u’)2 
2(W + W’) 


Ballistic pendulum is a device for determining the velocity of a bullet. The bullet is 
imbedded in soft material so thate = 0. Let W (Fig. 71) = weight of 
bullet, W’ = weight of pendulum, & = radius of gyration about the axis 
of suspension O, u = velocity of bullet to be determined, wu’ = velocity 
of pendulum before impact = 0, v = rw = velocity of bullet after im- 
pact, « = angular velocity of pendulum after impact, rWu/g = angular 
momentum of system before impact, Wr2w/g + W’k2w/g = angular mo- 
mentum of system just after impact. Then rWu = Wr2w + W’k2o, and 
u = (Wr2 + W’k2)w/Wr. If h is the height to which the center of gravity 
rises, k2w2 = 2gh, and u = (Wr2 + W’k2)V 2gh/Wrk. The quantities on 
the right-hand side of this equation are easily measured and w is calcu- 
lated from the equation. 

Bret 71. CENTER OF PERCUSSION is the point where the bullet should strike 


in order that there shall be no horizontal impulse on the axis of rota- 
tion, Its distance below P equals k2/r. 


v 


(gWt + 14W'u'2) — (¢Wo? + 3600") = 


et | ate | 


21. Rotation of a rigid body about a fixed axis 


Torque equation. The position of a rigid body rotating about a fixed axis 
through O (Fig. 72) is given by the angle @ which line OG, fixed in the body, 
makes with line OX, fixed in space. OG is the line 
joining O to the center of gravity of the body unless 
the center of gravity is at O in which case OG is any 
line fixed in the body. 

ANGULAR VELOCITY, w = d6/dé. ANGULAR AC- 

CELERATION, a = dw/dt = d?0/di? = w dw/dé. Fig. 72. 

Toreun, G = the sum of the moments of the applied forces about the 
axis of rotation. J) = the moment of inertia of the body about the axis 
of rotation, The Torque EQUATION (equation of angular motion) is, 
Iva/g =G. If G@ is constant, a is constant and, if @= 6, w= w0, 
when t= to, Ott Oo = a(t — to), 6 — cry = Yoalt == to)? + wo(t _ to), 
w? — w” = 2a(0 — 6). If w is constant, 2 = 0, and G =0. Kinerc 


ENERGY, KE = Ipw?/2g. ANGULAR MOMENTUM, = Iow/g. For pressure on 
axis see Art. 22. 


Examples. 1. Atwood’s machine (Fig. 73), in the simplest form, consists of two weights 
W, and W2(W; > We) connected by a light cord which passes without slipping over a 
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pulley of weight W and radius r in the form of a solid cylinder which rotates about a fixed 
horizontal axis. The problem is to find the acceleration of the system and the tension in 
the two parts of the cord. ; 

Let a = acceleration of Wy, downward; then a = acceleration of We, upward; and 
@ = a/r = angular acceleration of cylinder. For the motion of Wy, Wia/g = Wi — 7}. 
For the motion of We, Woa/g = Tz — We. For motion of W, Wrea/2g = 1T, — rT. 
From these three equations, 


‘d 2(W1 W— 2)g (4W. + W)Wy (4W, + W)We 
201+ W2)+W ~' 201+ WW) tw’ 2? 20.+W) Ww 


a 


2. Compound pendulum is any rigid body suspended from a horizontal axis about 
which it may rotate under the action of its own weight. The forces 
acting on the body are its weight, acting downward at G (Fig. 74), 
and the reaction of the axis at O. Let D = distance OG, ky = radius 
of gyration about O. The torque equation gives Wko2a/g =— WD 
sin 6, whence a =— Dg sin 6/ko2. This is the equation of a simple 
pendulum (see Art. 17) of length 1 = ko2/D, called the length of the T. 
equivalent simple pendulum. The motion of a compound pendulum * 
is the same as the motion of the equivalent simple pendulum. 

3. A 2400-lb. wheel with radius of gyration = 4 ft.is making 180 
r.p.m. (a) How much work must be done to increase the speed to 240 
r.p.m? (6) If, when making 240 r.p.m., a braking force is applied to 
the shaft at a distance of 6 in. from the center, find the tangential force 
if the wheel makes 360 revolutions before stopping. 


180 r.p.m. = 6m rad./sec., 240 r.p.m. = 8m rad./sec. Hie mo. 


= 


W, 


Ss 


(a) KE (at 180 r.p.m.) = 2400 X 16 X 3672/2 X 32 = 213,180 ft.-lb. KE (at 240 r.p.m.) 
= 2400 X 16 X 64n2/2 X 32 = 378,990 ft.-lb. Increase in KH = 165,810 
ft.-lb. Ans. 

(6) Torque of tangential braking force F = 14F. Work done by torque 
in 360 revolutions is, 44F X 360 X 27 = 378,990, whence F = 335]1b. Ans, 

4. A punch is required to exert a force of 100,000 lb. through a distance 
of 4% in. and the work is to be supplied by a flywheel of radius of gyra- 
tion = 1.5 ft. making 120 r.p.m. Find the weight of the wheel, if the 
W speed is not to be reduced below 100 r.p.m. 
Fic. 74 w, = 120r.p.m. = 47 rad./sec., w, = 100 r.p.m. = 1947 rad./sec. Work 

pS done by punch = 100,000/48 ft.-lb. = reduction in K# of flywheel. 

Change in KE = W X 2.25(w12 — w2)/64 = W X 2.25(w, — w)(w, + we) /64. Hence 

Wx 2.29 (on /3) (22/3) st ae 


! 
1 
' 
| 
1 
‘ 


, whence W = 1230 lb. = minimum weight of flywheel. 


22. Plane motion of a rigid body 


A rigid body has plane motion if every particle of the body moves in a path 
that is parallel to a fixed plane. (A book sliding on a table and a rolling wheel 
are examples. This latter is a case of translation and rotation combined.) 
The fundamental theorem is that (1) the center of gravity moves as if all the 
weight were concentrated at that point and all forces applied there; (2) rota- 
tion about an axis through the center of gravity takes place as if the center of 
gravity were fixed in space. The equations for motion of the center of gravity 
are the equations for motion of a particle. The equation for rotation is the 
torque equation (see Art. 21). The kinetic energy of a body having plane 
motion equals the sum of the kinetic energy of translation and the kinetic 
energy of rotation. If W = weight of body, v = velocity of center of gravity, 
T = moment of inertia about an axis through the center of gravity, and » = 


angular velocity, then 
KE = Wo? /2g + Iw?/29. 


Examples. 1. In Fig. 75 tan@ = 34, the wheel weighs 100 lb., diameter = 4 ft., 
radius of gyration = 1.6 ft. (a) Find the acceleration of the center, if the wheel rolls 
without slipping. (b) Find the least coefficient of friction to prevent slipping. (c) If the 
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coefficient of friction = 0.1 find the acceleration of the center and the number of turns made 
while the center moves 20 ft. ce 
(a) The forces acting to move the wheel are W sin 6 = 60 lb. and friction, 7. The 
equation of motion of the center is 100a/32 = 60 — F. The force acting to turn the wheel 
is F. The torque equation is 100 X 1.6 X 1.6a/32 = 2F. Since the wheel does not slip, 
a = 2a. Elimination of F gives a = 11.7 ft./sec.2 
(b) Friction = coefficient of friction X normal pressure, or F = fW cosB = f X 80. 
From the equation above F = 23.4 lb., whence f = 0.29. 
(c) The relation between a and a@ is not known when the wheel slips. F = 80 X 0.1 = 
8 lb. The equation: of motion of the center is 100a/32 = 60 — 8 = 52, whence a = 16.6 
ft./sec.2 Distance moved by center, + = 8.3(2. Time to move 20 ft. is given by (#2 = 
_20/8.3. Torque equation is 100 X 1.6 X 1.6a/32 = 2 X 8, whence a = 2 rad./sec.2 The 
angle turned through, ¢ = #2 = 20/8.3 = 2.41 rad. = 0.38 revolution. 
2. In Fig. 76 A is a solid cylinder of weight W about which is wrapped a light cord. 
B is a smooth peg, C is a weixht W’ which slides without friction on a horizontal plane. 
Find the acceleration of A and of C, 
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As A rolls down the plane, the cord is wrapped about it and the distance s’ moved by W’ 
equals twice the distance s moved by the center of W. Then s’ = 2s and a’ = 2a. The 
equation of motion of the center of A is Wa/g = W/2 — T — F. The torque equation is 
Wr2a/2g = r(F — T). Assuming the cylinder does not slip, re = a. The equation of 
motion of C is W’a’/g = T. Elimination of T and F gives a = Wg/(3W + 8W’). 

3. A straight rod, 6 ft. long, of uniform section and weighing 60 lb., revolves in a hori- 
zontal plane about a vertical axis through its middle point O at a speed of 500 r.p.m. 
(a) Find the torque necessary to impart the speed of 500 r.p.m. in 20 sec. 

(6) Find the tension due to centrifugal force at the middle section of the rod and at a 
section 2 ft. from O. (Fig. 77.) 

To find the torque, Ja/g = G, where I = 6% X 9 = 180; a = (500 X 27)/(60 X 20) = 
2.62, G = 14.6 lb.-ft. To find the tension at the mid-section consider the motion of half 
the rod. Its center of gravity revolves in a circle of radius 1.5 ft. with a speed » = 
500 X 27 X 1.5/60 ft. sec. The normal force (tension at mid-section) is given by T = 
30v2/1.5g = 3850 lb. To find the tension at a section 2 ft. from O, consider the motion of 
part A, the weight of which is 10 lb. and whose center of gravity moves in a circle of 
radius 2.5 ft. with a speed » = 500 X 2r X 2.5/60 ft. sec. The normal force on A is 
T = 10v2/2.5g = 2140 lb. 

Pressure on axis of rotation is found by the method illustrated in problem 4. 

4. A straight rod of uniform section and material, 4 ft. long and weighing 40 |b. is 
suspended from a horizontal axis through a point O, 1 ft. from the upper end (Fig. 78). A 

force F of 8 lb. is applied perpendicular to the rod. Find the pressure 
on axis O if F is applied at the lower end; at the upper end. Where 
, must F be applied if there is no pressure on the axis perpendicular to the 
rod? 
At the instant F is applied the angular velocity of the rod is zero and 
the pressure on the axis in the direction of the rod is the weight = 40 lb. 
G When the angular velocity = w, the pressure on the axis in the direction 
of the rod is found by the method of the preceding problem. 
To find the pressure on the axis perpendicular to the rod, find the 
angular acceleration a. Ja/g = moment of F. J = 289% lb.-ft.2 
When F is applied at the lower end, a = 28845 = 8.2 rad./sec.2 The 


Be ok 


, 
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F center of gravity moves in a circle of radius, = 1 ft.anda = 8.2 ft./sec2 

Let P = the pressure of the axis on the rod in the same direction as F. 

Fig. 78. The equation of motion of the center of gravity is Wa/g = F + P, 
whence P = 2.3 |b. 

When F is applied at upper end its moment =— 8 lb.-ft. and a =— 45 =— 2.7 


rad./sec?. P =— 11.4 lb. (opposite to direction of F). 
To find the center of percussion (point where F' must be applied to give no pressure on 
the axis perpendicular to the rod) assume x = distance from O of point of application, 
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Then 280a/3 X 32 = 82, anda = a = 962/35. 4%2 & 9645 X r= 8 + 0, whence x = % 
ft. below 0. 


23. Friction 


Sliding friction is resistance to motion that is developed when one body 
slides, or tends to slide, over the surface of another. Sraric Friction is that 
which opposes any tendency to move on the part of two bodies in contact, 

that are relatively at rest. KInETIC FRICTION occurs 


when the bodies are in motion relative to each other. Ry AN Wisp 
Coefficient of sliding friction. Weight W (Fig. 79) re 

is pulled along a horizontal plane by the horizontal We Ye 

force P. The reaction of the plane is R, having a Fia. 79 


normal (vertical) component N and a_ tangential 
(horizontal) component F = friction. The ratio f = F/N = tan ¢ is the 
COEFFICIENT OF SLIDING FRICTION and ¢ is the ANGLE OF FRICTION. 

If P is not large enough to move W the friction is static and F = P. As P increases F 
will increase until W is just about to move. Limivine FRICTION is the maximum value of 
static friction. The COEFFICIENT OF STATIC FRICTION is the ratio of the limiting friction to 
the normal pressure and is usually larger than the coefficient of sliding friction. 

Suppose the plane on which W rests is inclined to the horizontal at angle @. If @ < 4, 
W will not slide down; if @> ¢, W will slide down. 

Laws of friction for surfaces which are dry, or nearly so, are 

1. Friction between two given bodies is directly proportional to the pres- 
sure; the coefficient of friction is constant for all pressures. 

2. The coefficient and amount of friction for given pressures is independent 
of the area of contact. 

3. The coefficient of friction is independent of the relative velocity, 
although static friction is greater than kinetic friction. 

The preceding laws are only approximately true. The coefficient of fric- 
tion is slightly greater for small pressures upon large areas than for great pres- 
sures on small areas. The coefficient of friction decreases as the speed in- 
creases. 

The following table of coefficients of friction (Table 5) is from experiments 
by Morin about. 1830. 

Friction of lubricated surfaces does not follow the laws for dry surfaces, but 
depends on the viscosity and thickness of the lubricant and the form of the 
surfaces in contact. The Laws given by Goodman are 

1. The coefficient of friction of well-lubricated surfaces is from % to Yo 
that of dry or poorly-lubricated surfaces. 

2. The coefficient of friction for moderate pressures and speeds varies 
approximately inversely as the normal pressure; frictional resistance varies: 
as the area of contact, normal pressure remaining the same. 

3. For low speeds the coefficient of friction is abnormally high but as the 
speed of the rubbing surfaces increases from about 10 to 100 ft. min. the 
coefficient of friction diminishes and again rises when that speed is exceeded, 
varying approximately as the square root of the speed. 

4. The coefficient of friction varies approximately inversely as the tem- 
perature. 

Rolling friction is the resistance to motion developed when one body rolls over 
the surface of another, and depends on the hardness of the surfaces in contact 
and the radius of the rolling surface. The theory is based on the idea that sur- 
faces are slightly deformed at the place of contact and that the effect of rolling 
friction is the same as if the surfaces were not deformed and the rolling body 


1560 THEORETICAL MECHANICS Sec. 26. 
Table 5. Coefficients of friction. 
Material Condition of surface f | ’ 
Brags. onmcoakerttets Lion is vilad fel ee DFG ATOAE oO. SORE RIACEA. 2 0.62 31° 48’ 
Brick on limestone..........-+.-++- DTS iy secrets ey 25) exe ds eo ae 0.67 332-507 
Cast Iron OM Cast IPOD. «orion ies Slightly greased. ach: ans 0.16 9° 6 
RS ASHIEOT. OD, OF Sete. ee oe ral Wel raat or ain, cine te ae eee 0.65 3o- aa 
Copper On Oalens 5 ec aar as ce Se PARNER Halen oe RAN ehahen tee ee) ete eed 2 0.17 9° 38’ 
CoppenOn Oak. ik. :s1 s - Seeder’ Greasedyysteyleis, 2s L Peet. abi 0.11 67k 
emp cord OmVOak. . 2... . =. Paste cya rhe DEyie to SEE > cpus, che ee 0.80 38° 40 
WiGabinergdO Me CAS lL OU ron. sc cpson sane ficaell -copets duets ageise ee ei 0.28 15° 39° 
Leather on castiron.......65 0525. TW SGt S.C SIE 2 Sek Ets 0.38 20° 49° 
Leather on cast iron....... Bane Oiled Ai. Sr eh auld. 20). SR 0.12 6°. 5¥ 
Meathor On) Oakes oss. = «deg e rea, Fibers parallels... ¢ 2.42.02. 0.74 36° 30’ 
MeatherionrOn ks... nin ke 2. ences Fibers crossed............-- - 0.47 25 cele 
On Ons Oe ss oes Oe ee Fibers parallel, dry......... 0.62 31° 48’ 
Oalwion oakseanniote se. 00), RADE: Fibers crossed, dry......... 0.54 282 9227 
Os et a ere vce oa ogee sais ea Se Fibers parallel, soaped...... 0.44 23° 457 
Glo OTiG SI Seu ess 5.0 SCI ROIS aa Fibers crossed, wet......... 0.71 30° ee 
GakeonsQale eer cee ss a ue Sey. be Fibers end to side, dry...... 0.43 Zao Aes 
CGE ca ay glare year Sa aca ea gel Fibers parallel, greased... .. 0.07 a = 6a 
Osleonuon ker get weter og tecr saat Heavily loaded, greased..... 0.15 8° 45/ 
AOU MON PING artic eerie x syste estan ace Fibers parallels saly. cesarean ay 0.67 33 DOs 
OalkvonulaméstOnete 2... i. dees 2 Fibers nv end.ccec he ee O63) 32° 157 
@ak on hemp condep - aa: re mae Sri: Fibers parallel. .....9%..... 0.80 38° 40’ 
RinerOne pine eyes Shee amen Bom iY Hiberswparallelin..-. mee wenn. 0.56 29° 15’ 
PiTresONMON I eee erences ene: Eibers|parallele. 6 see 0.53 27° 56% 
Tanned leather on oak............ Leather flatwise, dry........ 0.61 31% 237 
Tanned leather on oak............ Leather on edge, dry....... 0.43 23° 16" 
Tanned leather on Oak. .......5m. es Leather on edge, wet....... 0.79 38° 1197 
Wrought trom on oaki ema. as. ay Wi Ghinks gt Sects sgt thik, Weel ne ae 0.62 31° 487 
Wrotehpinonvon Oak Sekhiad tees A... SEAR AP ow 0.65 33°" 27 
Wroughtiron on wrought irom s| Sess eee Cee eet Wee 0.28 15° 39’ 
WrourhtsconOmkcastanons ., 4-5 ee eaepotortirn nie Ae Pie 0.19 10° 46’ 
Wir OUe hu non tOneHMEStONE hon ces. 9 oo cise a kas acca e BY os enesee smn cee 0.49 262) ta 
Woodtontimetabecdiar: «oe niet cn Grcasede sy oe bt kt ee Ae 0.10 (aie! |: 
Wood on smooth stone............ Dry.tts EERIE BOO bs cn 0.58 30° FFG 
Wood on smooth earth..........:. DIYer .: clsels. 2A eR ee 0.33 18° 16 


passed constantly over a small obstruction. Let P (Fig. 80) be the horizontal 
force required to overcome the small obstruction B. Then hP = aW, and, 
since h is nearly equal to 7, P = aW/r (approximately). Corrricrent oF 
ROLLING FRICTION is a. It is a linear distance and is usually given in inches. 
For iron railroad wheels a varies from 0.0196 to 0.0216 in, 


B. 


p 
Fre. 81. Fie. 82. 


Axle friction. If a cylindrical axle fits loosely in a cylindrical bearing, the 
bearing surface will be a narrow strip or element. If the axle turns in the 
direction of the arrow (Fig. 81) it will rise in the bearing to some position as 
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shown. F is friction, N normal pressure, and R =F? + N? = resultant 
pressure of bearing on axle. Let f = coefficient and ¢ = angle of friction 
between the surfaces. F = N tan ¢ = Rsin ¢. The FRICTION CIRCLE is the 
circle drawn about O and tangent to the line of action of R. Its radius is 
p =r sin ¢ and the moment of F is Fr = Rp. Angle ¢ is usually-small and 
tan ¢ is used instead of sin ¢, giving F = Rtan¢ =fR, p = rtan ¢ = fr. 

The work done by friction during each revolution of the shaft is 2rFr = 
2rRp. The power necessary to overcome friction when the axle makes n 
revolutions per sec. is, 


Power = 2nrFr = 2ncxRp = 2nzrfR {t.-lb./sec. 


Pivot friction occurs when the end of a vertical (or inclined) shaft rests in a 
bearing. If the end of the shaft is flat and the bearing pressure is constant over 
the surfaces in contact, the work necessary to overcome friction during one 
revolution is 2xfDT’/3, where f = coefficient of friction, D = diameter of shaft, 
T = total thrust on bearing. If the end of the shaft is conical (Fig. 82), the 
work necessary to overcome friction during one revolution = 2afDT7'/3 sin a. 

Belt friction. When power is transmitted by a belt over a pulley, the ten- 
sion 7 on one side is greater than the tension 72 on the other side of the 

= 2 
pulley. The relation between 7; and 7. is ee = e* where W = 
weight of belt per linear ft., v = speed of belt in ft./sec., f = coefficient of 
friction between belt and pulley, a = angle of contact between belt and 
pulley, e = base of natural logarithms = 2.718-+. For small speeds the centri- 
fugal force (Wv?/g) may be neglected and T/T, = e™. 

Power transmitted is given by 


Power = (1, — 7T2)v ft.-lb./sec. = (T1 — T2)v/550 hp. 
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1. Simple stresses. Elasticity. Deformation 


Definitions. Srress is internal force between molecules; it resists change in form and 
rupture when a body is subject to external forces. Internal stresses hold external forces 


(a) (b) (c) 

a, Tension. 6, Compres- 
sion. c, Shear. 
Fie. 1.—Simple 

stresses. 


in equilibrium and in their action are equal and opposite to 
the action of these forces. Unit srruss (intensity) is the total 
uniform stress in a body divided by the area over which the 
stress is distributed. It is expressed in lb. per sq. in., tons 
per sq. ft., kg. per sq. em., etc. TrEnsion (Fig. 1, a) is stress 
tending to keep two adjacent planes in a body from being 
pulled apart. It resists increase in length of the body in the 
direction of applied forces. External forces act away from, and 
internal stresses toward, any given section area normal to the 
direction of stress. Compression (Fig. i, b) is stress resisting 
decrease in the distance between two adjacent planes in a body. 
External forces act toward, and stresses away from any given 
section. Sear (Fig. 1, c) isstress tending to keep two adjacent 
planesin a body from sliding on each other under the action of 
two equal and opposite external forces which are slightly sepa- 
rated; the action is similar to a pair of shears. Shearing stress 
is assumed equally distributed over the resisting area unless 
otherwise noted. Shearing stresses always oceur in pairs and 
are of equal magnitude on all faces of a unit cube (Fig. 2). If 
vertical stresses Sy resist external shearing forces a couple is 


necessary to prevent rotation. This is supplied by the horizontal shearing stresses Sy’. 
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The two pairs of shearing stresses in any plane may be combined into two equal and oppo- 
site tensile stresses tending to elongate one diagonal or into compressive stresses tending 
to shorten the other diagonal. The 


resuitant action tends to give the unit Ss 
cube an angular deformation. (Fig. 3.) S== ep 
This diagonal tension is important in Ss 
design of concrete structures. s| S, 
Shearing stresses in tension 8; 
and compression. When a bar is Ar segeet Ph Aarageg ime 
subjected to simple tension or Ss S 
compression, shearing forces oc- Fic. 2. Fic. 3. 


cur on diagonal planes. In 
Fig. 4 consider a plane making angle 6 with the axis of a bar whose area at 
right-angles to P is A. Stress on this plane can be resolved into compressive 
stress normal to the plane and shearing stress along the plane. Value of shear- 
P ing stress S, = P (sin 20)/2A which has a maximum value 
of P/2A when @ = 45 deg. Brittle materials under com- 
pressive loads fail by shearing along diagonal planes. 
Simple-axial stresses occur when resultant forces act along 
the axis of a body of symmetrical form and the stresses are 
equally distributed over section area. Axial tension and 
compression are common in engineering structures. Let 
P = load or one of a pair of forces producing tension, com- 
Fic. 4.—Shear pression, or shear, A = area over which stress is distributed, 
due to compres- and § = unit stress. Then P = SA. 
ee Deformation or strain is change in form produced in a 
body by the action of external forces. Deformations are longitudinal, accom- 
panied by stresses of tension or compression, or angular, produced by 
shearing forces. Stress resists deformation; the two occur simultaneously 
under the action of external force. 

Poisson’s ratio. When longitudinal deformation takes place in body, lateral deforma- 
tion also occurs. If a block is shortened an amount d under a compressive load, it will 
increase in width an amount d, (Fig. 5). The corresponding unit deformations are e = d/l 
and e, = d,/l, and the ratio e;/e is defined as Poisson’s ratio 
m. Some values of m are: brass, 0.333; cast iron, 0.27; wrought 
ron, 0.278; steel, 0.303; concrete, 0.10 to 0.25. 

Hooke’s law states that, when the unit stress in a body does 


not exceed a certain limit, which varies with the nature of the 
material, stress bears a constant ratio to deformation or strain. 


Elastic limit. Experiments show that within certain 
limits a body deformed under load will return to the 
original form upon removal of the load. Beyond this 
imit deformation increases more rapidly than the 
sorresponding stress and the body, upon removal of 
oad, will not return to the original form but will have 
sermanent deformation, called spt. The maximum 
init stress at which stress and deformation are directly 
sroportional and which will cause,no permanent set is called THE ELASTIC 
sIMIT. 

Modulus of elasticity is the ratio of unit stress to unit deformation within 
he elastic limit. Let # = modulus of elasticity, then H = S/e = Sl/d = 
Pi/Ad. Modulus of elasticity is. sometimes called Youne’s MopULUS or 
}ORFFICIENT OF ELASTICITY. It is measure of the stiffness of a body. The 
eciprocal of E is a measure of relative deformation of different materials under 
‘he same unit stress. 
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Example. Average values of # for steel, cast iron, and timber are 30,000,000, 12,000,000 
and 1,500,000 Ib. per sq. in., respectively. Rods of these materials 10 ft. long under 
unit tension of 1000 lb. per sq. in. will elongate d = 1000 X 120/E = 0.004, 0.01, and 0.08 
in., respectively. Relative deformations are 1, 2.5, 20. 


Stress-deformation diagram shows graphically the behavior of material 
under stress from no-load to rupture. 


A bar is placed in a testing machine, load applied, and deformations read with strain 
gage or extensiometer. Unit deformation is plotted as abscissa and unit stress as ordinate. 
Figure 6 shows the relative behavior under tensile stress of three materials of construction. 
The curve is a straight line from the origin to the elastic limit, marked (a). The tangent to 
this curve is S/e = H. After passing the elastic limit e increases faster than S until, in the 
case of medium steel, the eurve becomes horizontal at (b), the yrELD PoINT. This point is 
defined as the unit stress atswhich deformation increases without increase in load and is 
readily determined by a testing machine as the point where the beam drops. At this point 
also a hard mill scale begins to peel off the specimen. The yield point is generally known as 
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Fic. 6.—Stress-deformation diagram. 


the COMMERCIAL ELASTIC LIMIT in commercial testing. The true elastic limit is often 
several thousand pounds below the yield point and is determined by plotting the stress- 
deformation diagram and noting the point of departure from a straight line. Many 
materials have no yield point or clearly defined elastic limit. For these cases Johnson has 
defined an APPARENT ELASTIC LimrT as the unit stress at which the slope of the curve is 
50 per cent. greater than at the origin. 


Shearing modulus of elasticity or ComrFICIBNT OF RIGIDITY is G = S»/6, in which 
Sy» = unit shearing stress and @ = angle in radians, Fig. 3. Unit of G@ is lb. per sq. in. 


Elongation of a bar due to its own weight is one-half that produced by an 
equal weight suspended from the lower end. 


Uniform bar of weight W lb. and length 1 in. is suspended vertically and carries a load 
P |b. at the lower end. Total elongation d = (P + W/2)l/AE in. 


Stress due to temperature charge. If a bar is free to expand and contract, 
its change in length for a temperature change ¢ is d = nil, in which n = the 
coefficient of linear expansion per degree of temperature. If the bar is rigidly 
fixed so that change in length is prevented, the resulting unit stress is the same 


as that required to cause deformation d. Hence d = Sl/E = ntl or S = ntE 
lb. per sq. in. 
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Example. Railroad rails 30 ft. long are laid end to end at temperature 50°F. At 
90° F. the unit compressive stress is S = 0.0000065 * 40 x 30,000,000 = 7800 lb. per sq. 
in. (For values of coefficient of expansion, see Sec. 25, Art. 6.) 


Stresses in compound bodies or bodies of two or more materials are directly 
proportional to the respective values of ZH. Let a short block carrying a com- 
pressive load P be composed of two materials, the section areas being 41, A2 
and moduli of elasticity, unit stresses, and loads being Hi, MH»; S:, So; and 
P, P2, respectively. Then, since deformation of each material is the same, 
= Pl/A,E, = Pol/A2k. Also ea + IP&s == JE Hence Qs Py(Ai Ey + 
AcHs)/AvE, => P2(Ayk, + AoE») /AH, and S1 = PE,/(AiFx, ++ A:E,); 
So = PE,/(AiE, + Ack). 81/82 ad E/E. 


Example. Ifa block is a 6 X 4-in. wooden stick with two steel plates 6 in. by 14 in. on 
the sides, and the total load is 84,000 lb., finding 2 from Table 1, stresses in wood and steel 
are 1000 and 20,000 lb. per sq. in., respectively. 


Resilience is potential energy stored in a body under stress when the latter 
does not exceed the elastic limit and equals the work done in producing defor- 
mation in the body. For axial stress, if V = volume of the body, resilience 
= work done = average force X deformation = Pd/2 = 1%P x SI/E = 
VS?/2#H, in.-lb. per cu. in. 

Modulus of resilience, R, is the elastic energy stored in a body per cu. in. at the elastic 
limit. R = S;2/2H in which S, = elastic limit of material. Values of R for cast iron, 


structural steel, and tempered spring steel, are 1.04, 15, and 205 in.-lb., respectively. 
Cast iron is a poor material in which to store elastic energy while spring steel is excellent. 


2. Stresses beyond the elastic limit 


When stressed beyond the elastic limit, ductile materials such as soft steel 
become semi-plastic. At the yield point a flow of material occurs, deformation 
increasing without increase in load, accompanied by peel- 
ing off of hard scale. Beyond the yield point stress 
again increases and the material elongates rapidly, being 
in semi-plastic, semi-elastic condition. Just preceding 
rupture the bar necks down as shown by Fig. 7, rupture 
finally occurring at the contracted section. 

Ultimate strength is maximum load divided by the original | (| 
area. It occurs before rupture, point c, Fig. 6. 

Ultimate elongation is expressed as 100 X total elonga- 
tion divided by original length. It is measure of DUCTILITY (a) (b) 
or the ability of material to withstand shock and absorb _@, Hard material. 

ie c oe aed 6, Ductile material. 
energy without rupture. It varies from approximately 
zero for hard brittle materials to 30 per cent. or more 
for rivet steel. It varies with length of specimen hence 


the latter is always specified, 7.e., for rivets and structural steel, minimum 
unit elongation in 8 in. is specified as 1500 + ultimate strength. 


Fie. 7.—Fractures 
in tension. 


Reduction in area is (A — A,)/A where A = original area and A; = area of reduced 
section or neck. This factor is also a measure of ductility. 


Permanent deformation occurs when metals are stressed beyond the clastic 
limit, Fig. 8. The effect is increase in ultimate strength, increase in elastic 
limit, increase in hardness, and decrease in ductility. Rolling, drawing, and 
forging of steel greatly increase its ultimate strength and elastic limit but cause 
marked decrease in elongation and reduction of area. 
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Annealing an overstrained bar by heating to 1400° F., and allowing to cool for several 
days, restores the original properties. 


Failure under compression. Direct compressive stresses exist only in 
short blocks whose length in the direction of stress is less than 10 X least 
diameter. Longer blocks are classified as columns and fail by bending as well 
as by compression. 


Soft ductile materials have no ultimate compressive strength since such material, 
when stressed beyond the yield point, spreads out ind«finitely, Fig. 9. The value is gen- 
erally assumed the same as that for tension although the term has no real significance. 
Hard brittle materials fail in compression by shearing slong diagonal planes, the more 
brittle the material, the less the angle the plane makes with the vertical. ULTImaTsE 

* 


S 


Stress 


Ss 


Wrought iron. Castiron. Brick. 
Fic. 9.—Fractures in compression. 


YIRENGTH is a function of the shearing strength and coefficient of friction. Figure 9 shows 
failure of common materials of construction under compression. | 

Repeated stresses may cause rupture at a stress considerably below the elastic limit. 
The greater the range of stress, the less the stress required for rupture. Bars stressed 
repeatedly from zero to the elastic limit require an enormous number of applications of 
load to cause rupture. If stress alternates from tension to compression the bar will rupture 
after a large number of applications at little more than half the elastic limit, 


3. Properties of materials 


Average properties of materials are given in Table I. Strength of steel varies 
with the chemical composition, heat treatment and mechanical working. 


Table 1. Average properties of materials 


Blestie Ultimate strength, Modu- iMrodulus a6 

Wietehe U linet, pounds per square inch | lus of elasticiiy 

ieee al per pounds nape’ ten., comp., 
ERE cubic per "ee S| shear, 1000 lb. 

foot See Tension|Comp.| Shear square Re ee 

inch 
Wrought irom. 4.....:.. 480 |28,000 50,000} 50,000/40,000 |....... 28,000] 12,800 
Os st Mno meee oe 450 6,000¢ | 20,000} 90,000/18,000 | 35,000 | 15,000} 6,500 
Malleable @ast iron. ....|....... 2OO00EINIS8 000 |. 24, AERIS | RIGS PL. A 
Steel softiz...... Siew 490 |25,000 50,000] 50,000}38,000 |....... 30,000} 13,000 
Steel, medium. ....-... 490 |35,000 60,000} 60,000/50,000 |....... 30,000} 13,000 
Steel, Foard. snes on anh chs 490 |40,000 | 70,000— 
L1.0,000shs5-28 «cat tigk aeenil oho. 305000} .etdeen 
"Timbers ste tts. atts ee, 35 3,000 8,000} 8,000 500a} 10,000-| 1,500 300 
3,000 6] 15,000 | 

GOR Cara's c350 5 Ata TOD hoes guys adie sees 6,000] 1,500 2,000 5,000} 2,700 
BNC a at eee 5 re a a 300} 3,000} 1,000 800 2,000): = cae 
Conerete (1:2:4)...... L503 A'": Faeha S 125| 2,400 400 400 2,500! 1,000 


a With grain. b Across grain. c Compression. ¢ Tension. 
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ULTIMATE TENSILE STRENGTH varies from 45,000 to over 200,000 Ib. per sq. in. 
HARDNESS increases and puctTiuity decreases as tensile strength increases. 
Timber values are subject to wide variation, depending on the kind of wood, 
closeness of grain, moisture content, and homogeneity of the specimen. More 


detailed data are given in Arts. 6, 7, 15, 16. 

Working stress is the safe unit stress allowable in material as used in design 
It should be well below the elastic limit and is 
generally fixed by specification. 


of members of a structure. 


Working stresses in accordance with building laws of New York and Curcaco are 


given in Tables 2 and 3. 


Table 2. Working stresses, tension and compression, in accordance with building laws, 
New York and Chicago (1913) 


New York Chicago 
Material Pounds per square inch 
Tension Compression Tension Compression 

Wolled steel,jmwdd? A oe 16,000 16,000 14,000 14,000 
Rolled steel, medium........... 16,000 16,000 14,000 14,000 
RViroleht rope tet eee ee eo 12,000 12,000 12,000 10,000 
WASTMITOM Te ee Pe Yan nS 3,000 WEFOOD ho Were taule Samra Re 10,000 
Steel pins, rivets (bearing)......|............ 20,000... 2h a SERRE 20,000 
Timber: 

Oaks withigraiis its09+ +14 bx 1,000 GOO EP aU, Ste, 3 a clbcs, cars 

Oaks racross PLAUien wenp nyc ok rdlperewesn tae S00 tolalaneest .| 250 (Boston) 

Yellow pine, with grain....... 1,200 [OOO a RA ee. ESA ee 

Wellow pine, across'grain. .~./ | Jie. GOO Brett ceeestaem tees. 250 (Boston) 

White pine with grain........ 800 2510) 0 hall Pir rece, eis clark iceet oaethen o 

Wihite pine across.erain..-.. 6 | 2. s up as AOME Bevan cio: ns is 150 (Boston) 

Spruce, with grain........... 800 S00)! sul ew ner dite ebb e . 

Sprucé, across grainis2)) aie ai. peal. aed wed eh 400% ite sleet. aie 150 (Boston) 

Hemlock, with grain......... 800 SOG |ode whageakl. aliens ."3. deel Adak 

Hemlock) saeross grain #2500 ||. 7.22.2... (5500) anol Pacer nese Aste 41% (Phila.) 
Concrete; Portland, 12 2¢4..225)....-...058. DSO" STR, Steet ke. 55 (Chicago) 
@oncrete; Rosedale di24unii] 0.02... 1 P25) een sigan =e cee 55 (Chicago) 
HON MIDE VRC AEE cps... tae OK Be kt ok | hee vos e ces ete aos SHOP alenconeete chete Petes : 
Brickwork, cement mortar. ..... | 6. wea. DOO. Wen ac tyre. tree ne ee a 
Granite (according to test)......|..........-. TOOO = 2 AO OM es terns o tc eta uc) ones ane 
Limestone (according to test)...]...........- FQO=S2. S00) lager at revere lice cane ee Ae 
Sandstone (according to test)...|............ £0051; GOs Ie aires: a aller aii copes 


Factor of safety is the ratio of ultimate strength to working stress or ratio 


of load to cause rupture to existing load on the structure. 


A factor of safety 


is necessary to guard against possible defects in material and to allow for 


unforeseen increase in stress. 


It depends for its value on the degree of cer- 


tainty with which the ultimate strength is known and on similar knowledge in 


respect to applied loads. 


Steel and iron have ultimate strengths that are nearly constant for given composition 
and treatment while the strength of wood varies widely, hence the factor of safety for steel 


is lower than that for timber. 


A steady load permits a lower factor than variable load or 


shock. Average values of factor of safety, according to Merriman, are given in Table 4. 


Suddenly-applied loads cause a unit stress and deformation that is twice 
that caused by a static load of the same value. 
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Table 3. Working stresses, flexure and shear 


New York Chicago 
Pounds per square inch 
Material | 
Extreme Extreme 
fiber Shear fiber Shear 
stress, stress, 
bending bending 

Rolled steel. .... Se eee 16,000 9,000 | 16,000 10,000 
Shop rivets and pins........ 20,000 10,000: | 22,000) 6 |2- 4 
Wrought ironic. ass 12,000 6,000) } 12000 By 
Cast ron woe rien « eee 16,000C S3O0O nese Soe eee aes 

S000 TOSS 2. SOOL | ae ote 
Oak, with grainy >... 27: ~ || 2,000 100 | 1,000 150 
Oaks, ACLOSS Oe rAIN soe star Silliness GOO) Son ees 250 
Yellow pine, with grain.....| 1,200 70 | 1,250 100 
Yellow pine, across grain....|........ SOO se VEE 250 
White pine, with grain...... 800 40 750 80 
White pine, across grain....|...... ore D50u. eta 150 
Spruce; awith+ SPAM csesscereeew see eee 50 750 | 80 
Spruce, across grain........ 800 Bs 8 i i, sel ee 150 
Hemlock, with grain....... 600 40]... «3. -«,eterieean 
Hemlock; across grainw Js...) 22. 08, BRO Ye Scat, ae eee hades 
Granite tts. SOR PROS He Pee a Rasiya 
Tamestonet:.5.. 0.070: PSO RS Ae See See se 
Sandstone). co. eoTen.. ee a LOO Pont, TROPA, Ae, SSO 
Concrete (Portland) 1:2 :4 30 
Concrete (Rosedale) 1: 2:4 16 


C, compression. T7, tension. 


Loads applied gradually, so that stress increases gradually from 0 to final value S are 
ecuivalent to static loads and S = P/A. When the load is suddenly applied so that the 
full load P acts through the whole deformation d; the work done is Pdy. Had a load Py, 
been applied gradually to pro- 
duce the same deformation dj, 
the work done would have been 


Table 4. Average values of factor of safety 


Eo P;/2.X dy... _Heneew Pid 
. Steady Variable s : : a 
Material ie Siro Shocks Pa X dy or Py = 2P and dy = 
CastrONGraaaacer 6 10 20 
Wrought iron..... 4 6 10 4 Impact factor OF, COGN 
ieee ae eee 4 6 10 cient of impact is the factor 
Hard steel....... 5 8 15 introduced to allow for the 
Dima bers cpsaweks) s5< 8 1 15 effect of sudden applicati 
Brick and stone... 15 25 | 40 = ° Se pablo 
of load. In designing struc- 


tural members, static or 
dead-load stresses and live-load stresses are computed separately. The 


latter are found in the ordinary manner and then increased an amount 


aS in which 7 is the impact factor and S is stress due to live load treated as 
static load. 


For suddenly applied loads as in hoisting machinery 7 = unity. For more gradually 
applied loads as in case of cranes or trains entering a bridge, 7 is less than unity. For 
railroad bridges the common value for impact factor is 7 = 300/(Z + 300) in which Z is 
the loaded length in feet that produces maximum stress in the member. For highway 
bridges AMERIcAN Bripeg Co. specifies 7 = 0.25. In many cases in design the impact 
factor is allowed for in the specified value of the working stress or in the factor of safety, 
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Stresses due to impact are those caused by a moving load striking a body. 
Let load P, moving horizontally with velocity V strike the end of a horizontal 
bar. The kinetic energy of the moving load = PV2/2g (or Ph, if h is the 
vertical distance through which the load must fall to acquire the velocity V). 
This kinetic energy goes into work of deformation of the bar, hence, if d, = 
deformation, and P, = static load required to produce this deformation, 
Ph = P,/2 Xd. Also if d = deformation produced by P acting as a static 
load then di/d = Pi/P. Solving these equations for P; there results P, = 
P(2h/d) and d; = (2hd)”. The corresponding unit stresses are S, = 
S(2h/d) 4. 

If the bar be vertical and the moving load fall upon it fromheight h, the work 
done is P(h +d:) and S; = 8S + S(1 + 2h/d)*; d, =d+d(1 + 2h/d)” 
in which S = static stress due to load P and S; = impact stress. These values 
apply only when the elastic limit of the material is not exceeded. Results 
are a little too large for heavy bars since the inertia of the bar has been 
neglected. Actually part of the energy is used to overcome inertia of the 
molecules and is dissipated in heat. For light bars the values are correct. 


Example. A 100-lb. weight drops 6 in. and strikes the end of a vertical steel rod 2 in. x 


2 in. X10 in. Impact stress Sy = 25 + 25(1 + 12 X 30,000,000/25 X 10) = 3,270 Ib. 
per sq. in. Static stress is 25 lb. per sq. in. 

Rupture by impact may be caused by light loads moving with considerable velocity. 
The preceding formulas do not apply. Experiments show that the work necessary to 
cause rupture is about 30 per cent. greater if it is the result of impact than if done by a 
static load. 


4. Riveted joints 


Riveted joints fail by tearing the plate between rivet holes, by shearing 
rivets or by crushing the plate and rivets where they mutually bear on each 
other. 

Efficiency of a joint is the ratio of its strength to that of a solid unriveted 
plate. 

Let P = load in lb. on each repeating section, p = pitch of rivets or length of repeating 
section, t = thickness of plate, d = diameter of rivet, Sz; = unit tensile stress in plate, 
Sc = unit compressive stress on rivet, Ss = unit shearing stress on rivet. Let there be 


n rivets in each repeating section and m rivet sections in shear. The loads to rupture the 
joint by tension, compression, and shear are respectively Py = (p — d)tS;; Pe = ndtSe, 
mard2 E eee LAS 

and Ps = —q_ Ss Corresponding efficiencies are found by dividing the above values by 
the strength of the unriveted plate, P = ptS;. For MAXIMUM EFFICIENCY design the pitch 
so that the efficiency in tension equals that against shearing or crushing, being equal to the 
smaller of the two. For VESSELS UNDER PRESSURE the pitch may be determined by the 
necessity for a tight joint. The above criterion generally satisfies this condition. 


Ultimate strengths for rivets and plates of iron or soft steel are S; = 55,000, Ss = 38,000, 
S¢ = 80,000 Ib. per sq. in. Working stresses for structural rivets are given in Art. 14. 


General rules for design of joints: 

1. Butt joints are preferred to lap joints since the latter introduce dangerous 
bending stresses. 

2. Minimum distance from center line of rivet holes to edge of plate is 1.5d, 
preferably 2d. i *, 

3. Diameter of rivet d = 1.2Vi to 1.5/1, being smaller for butt joints 
than for lap joints. 

4, In multiple riveting the distance between rows of rivets is 1.7d for 
staggered riveting and 2 to 2.5d for chain riveting. 

5. Thickness of straps in butt joints is 0.75t to 0.875t, 
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Example 1. Design a double-riveted lap joint for 3¢-in. plate. 


There are two rivets per section and each rivet is in single shear hence = m = 2. 
s 9 is 
Letd = 14Vi= Kin. Then Ps = ~~ X 38,000 = 45,500 Ib., and Pe = 2dt X 80,000= 


52,500. Equating P; = Ps, there disse (p — %)% & 55,000 = 45,500 and p = 3% in. 
Strength of un-riveted plate is P; = pt * sai, 000 = 64,500, hence efficiency is 45,500 + 64,500 
= 70.5 per cent. 
Example 2. Triple-riveted butt joint (Fig. 10), has 5 rivets per section, 4 of which are 
in double shear, hence n = 5, and m = 9. Find the pitch for %-in. plate using 1-in. rivets. 


9nd2 :) 
Ps = —— X 38,000 = 268,000. P, = 5dt X 80,000 = 200,000, hence (p — d)t X 55,000 


= 200, foe and p = 


face ae 
5 SP eT IN PEST | 
re a ae gl oncaeid Benes a 
Soe v voted lap Double-riveted lap Single-riveted butt Triple-riveted butt joint 
Fic. 10.—Riveted joints. 


Forms of riveted joints for boilers and tanks as abstracted from recom- 
mendations of Hartrorp STeAm Borer INSPECTION AND INSURANCE Co. 
are given by Fig. 10 and Tables 5 and 6. 


Table 5. Dimensions of riveted lap joints 
(All dimensions in inches. Letters refer to Fig. 10. e=efficiency in per cent.) 


Shel; Dieter Single-riveted Double-riveted Triple-riveted 
mess. of rivet 
plate (iron) 
(steel) je G e P G S e pe G S e 
Y% é 1% | 1% | 57 25% | 1%)1%!} 72 | 314%) 1%} 2M6! 80 
1146 1% | 1%6} 60 | 2% | 1346| 11%6| 74 | 4 1%e| 2%} 81 
34 34 116} 114 52 2%6| 114 1% 68 33% | 114 } 2346] 76 
% 24%) i%e| 55 | 3% | He} 236] 71 4%6| lie} 214% | 79 
% K% 11346} 17i¢6| 48 | 21Me6l 1746) 2 65 3% | 1%6} 2144 | 73 
1 23461, 154 | 51 3%6!} 15 | 214 ) 68 | 4%i6| 156 | 216) 76 


Table 6. Dimensions of triple-riveted butt joints (steel rivets) 
(All dimensions in inches. Letters refer to Fig. 10. e¢=efficiency in per cent.) 


<a Diameter 4 Long Short Thick- 
of rivet pitchisleacs A B ted D E ness of 

plate aie ayn pitch | 

(steel) a pao fo 
Y% Ne 87.5 4% 214 2740 | 13% | 116} 6% 9% 346 
% 1346 } BTS 644) 233K ob Weert 26 | 846.) 1334 54 
% 16 85.8 7% 334 11% } 214 3346 10% | 17% 3% 
5% 16 86.3 734 3% 11%2 | 2546 | 33/6 11 17 % 1549 
34 1346 84.1 TK 31546 | 12542 | 23% 396 11% } 19 %e 
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5. Cylinders and rollers 


Thin cylinders. Pipes and tubes under internal pressure tend to fail in ten- 
sion along an element. The bursting force is resisted by hoop tension in the 
shell. If the thickness of the shell is small compared with the diameter of the 
cylinder, stress is considered uniformly distributed over the resisting area. 


Let p = internal pressure, Ib. per sq. in.; d = diameter, in.; £ = thickness, in.; L = 
length of cylinder, in.; S = unit tensile stress, lb. per sq. in. (Fig. 11). ToraL BURSTING 
FORCE in any direction is pdL and RESISTING TENSION is 2StL. Hence S/p = d/2t. If the 
shell has a riveted joint with efficiency e, then t = pd/2Se. This is the formula used for 
boilers and pipes. 

Hollow spheres under internal pressure have the same stress as the transverse stress in 
cylindrical boilers due to pressure on the head. Bursting rorce = prd2/4; RESISTING 
TENSION = 7dtS, hence S/p = d/4t. Transverse stress in a cylindrical shell is one-half the 
longitudinal stress. 

Cylinders under external pressure. The preceding formulas do not apply since the 
load tends to distort the cylinder into an ellipse and distortion is accompanied by increase 
in stress. No rational formulas exist. For lap-welded Bessemer-steel tubes, Stewart 
gives the collapsing pressure P in lb. per sq. in. as follows: 


P = 100011 —V/ 1 — 1600¢/a)2_) (a) 
P = 86,670(t/d) — 1386 (b) 


IG Hie. lo. 


Formula (a) applies when P is less than 581 lb. per sq. in. or ¢/d less than 0.023, d being the 
outside diameter, in. For greater pressures and thicknesses use (b). Stewart also gives 


P = 50,210,000 (¢/d)3 in place of (a). 


Thick cylinders. When thickness is large compared with the diameter, 
tangential stress is not uniformly distributed. 


Let p, and p be internal and external pressures and ry and re be corresponding radii 
(Fig. 12). Tangential stress at distance x from the center is given by LAMn’s FORMULA as 
4r2r92 
S= | n201 — re2p2 + =) 
of Poisson’s ratio of 4%. Stress decreases as x increases. If po = 0, MAXIMUM STRESS at 
the inside wall is S = 4py(r12 + 4r22)/(r22 — 712). Radial compressive stress has maximum 
value p, at inside surface and minimum value p2 at outside surface. 


(pi — ») | / 302 — 72). This formula is based on a value 


Rollers. Fig. 13 shows a roller of length! and diameter d placed between 
two plates carrying load W. Assuming the roller only to be deformed S = 
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((9W2E) /812d2)|% ; Id = (3W/2S8)(E/28)”. Loap PER UNIT OF LENGTH w = 
W/l = %dS(28/E)%. Recent bridge specifications give load per linear inch 
w = 600d. 


6. Beams 
Notation 
P = Concentrated load, lb. S = Normal unit stress. 
W = Total distributed load, lb. Sy = Unit vertical shearing stress. 
w = Unit distributed load, lb. Sp = Unit horizontal shearing stress. 
R = Reaction. I = Rectangular moment of inertia. 
V = Vertical shear. f = Maximum deflection, in. 


Bending or flexure occuts when a bar is subject to such loading that the axis 
assumes the form of a curve. This occurs in the case of beams, columns, and 
bars or blocks under eccentric load. Bending induces stresses of tension, 
compression, and shear. 

Simple beam is a horizontal bar supported at each end without constraint, 
carrying vertical loads. The axis of the beam is deflected convex downward 
so that the upper fibers are shortened and the lower fibers lengthened. Loads 
and reactions at the supports are not in the same line, hence shearing stresses 
exist between adjacent vertical planes. CANTILEVER BEAM is a member with 
one end rigidly fixed and the other end projecting and free to deflect under 
vertical loads. CoNSTRAINED BEAMS have one or both ends rigidly fixed, e.g., 
beams with ends built into a brick wall. Contrnvous BEAMS have more than 
two supports. When a beam deflects, fibers on the convex side are in tension 
and those on concave side in compression. Between the two extremes is a 
surface of no normal stress called THE NEUTRAL SURFACE; the trace of this 
surface in any cross-section is called THE NEUTRAL Axis. This axis passes 
through the center of gravity of the section and stress in any fiber varies 
directly as its distance from this axis, provided the elastic limit is not exceeded. 

End reactions are found from the laws of equilibrium. Sum of loads = sum 
of reactions. Moment of loads about any point = moment of reactions. 


Example. Figure 14 shows a simple beam with two concentrated loads. R, + Re = 6000. 
Ma = 2000 X 3 + 4000 X 7 — Re X¥ 10 = 0. Re = 3400 lb.; Rj = 2600 lb. 


M,=R,«—-P(a-d)— BE 


Fie. 14. Fie. 15. 


Vertical shear. At any section of a beam there is a resultant upward force 
on one side and an equal downward force on the other side of the section. 
This produces a shearing force on the section, equal in value to either force. 
By definition VERTICAL SHEAR on any section is the swm of all external forces 


on the left of that section, upward forces being considered positive and down- 
ward forces negative. 


For a simple beam, shear at any section at a distance x from the left end is V = R, — 
wa — P, in which R; = left-end reaction, w = load per unit of length and P = sum of all 
concentrated loads between left end and given section. For a cantilever beam, the vertical 
shear at any section is the total load between that section and the free end. 


Bending moment at any section of a beam is the swm of the moments of all 
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loads and reactions to the left of the section about an axis through the section. 
Moments with clockwise rotation are positive, counter-clockwise negative. 


For a sIMpLE BEAM, the bending moment M = Ryx — wx2/2 P(x a) Big, 15). 
MAxXIMUM MOMENT occurs at the section where vertical shear is zero, known as the DANGER 
section, For a CANTILEVER BEAM maximum moment occurs at the point of support. 


. Shear and moment diagrams show graphically the value and variation of 
vertical shear and bending moment throughout the length of span of a beam. 
The ordinate under any section gives the shear or moment for that section. 
Table 7 gives these diagrams together with maximum shears, moments, and 
deflections for various types of beams and loadings. 


Construction is explained in following problem, illustrated by Fig. 16: Assume a simple 
beam, span = 20 ft.; W = 100 lb. per linear ft.; concentrated loads of 2000 and 1000 lb. 
4 ft. and 12 ft. from the left end respectively. The reactions, found by moments, are 
R, = 3000 |b., Ro = 2000 lb. The sHbAR DIAGRAM is 
drawn by erecting an ordinate = 3000 at the left end 
noting that the distributed load causes uniform de- 
crease in value of ordinates of 100 lb. per linear ft. 
while concentrated loads cause perpendicular drop 
equal to their value. The danger section is found 
graphically or, having located its position as between 
the concentrated loads, from the equation Ry, — 
2000 — 100x = 0. The shear diagram for concen- 
trated loads is composed of horizontal and vertical 
straight lines; for uniform load, of a uniformly sloping 
line. Figure 16 shows a combination. The MomMENT 
DIAGRAM is drawn by calculating the bending moment 
under each concentrated load and at the danger 
section. For concentrated loads this diagram is com- 
posed of straight lines intersecting at the loads; iq. 16.—Shear and moment 
for uniform load, it is a parabola of equation y = . 
wlr/2 — wx2/2. Values of moment at points a, b, diagrams. 
and c are Mg = 3000 X 4 — 50(4)2 = 11,200 lb.-ft.; My = 3000 x 10 — 2000 x 6 — 
50(10)2 = 13,000 lb.-ft. (max.); Me, = 3000 X 12 —2000 X 8 — 50(12)2 = 12,800 lb.-fi. 


Flexure formula. From the laws of equilibrium, vertical shears and external 
bending moments must be resisted by equal and opposite internal shearing 
stresses and resisting moments. If V is the vertical shear on any section and 
A the section area then, assuming uniform distribution, S = V/A. For a 
simple beam maximum shear is equal to the larger reaction; for a cantilever 
beam it equals the total load. The internal resisting moment consists of a 
couple formed by the tensile and compressive stresses acting on opposite sides 
of the neutral axis. If Sis maximum unit stress, tension or compression, and c 
the distance from the neutral axis to the remotest fiber, the RESISTING MOMENT 


in inch-pounds is given by 
Ma SL / cS = Mcfly), 


in which § is in lb. per sq. in.; /, 1n.4; ¢, in. 
The term J/c is constant for any section and termed the sEcrion 


MODULUS. 


8S (I 
For a uniformly-loaded simple beam, M = WL/8, hence W = 7 ( 


=) and the load 
varies directly as the working stress and section modulus, and inversely as the span. Fora 
rectangular beam with breadth b and depth d, I/c = bd2/6, hence the strength varies 
directly as the breadth and as the square of the depth. For simple and cantilever rect- 
angular beams load = aSbd2/L. For a cantilever beam with concentrated load at the end, 
a = ¥; for distributed load, a = 4; for a simple beam with concentrated load at the center 


of the span, a = 24; fora distributed load, a = 44, hence the ratio of strengthsis1:2:4: 8. 
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Table 7. Beams of uniform cross-section, transverse loading. 


Moment aa 


R, = PU-K),R,=KP- 


Vea =+R, or -R,- Were? 
Mmox= PL(K-K?) > 3 


oY Mma = 0.1282WL R=$W, R= Sy Mag 


3 10 g Pa 5 S01 eab0s 
R, =5uL, R,="GuL, ReZwL Lj = 0.4L, Ry=1.10L, Ro=1,1wh, R= 0.4L 
: Voor = 0.6wL 


» 
’ 
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Safe loads in pounds uniformly distributed for rectangular wooden beams 
one inch wide, figured for allowable fiber stress of 1000 lb. per sq. in., are given 
in Table 8. For any rectangular beam of breadth b and allowable working 
stress S, multiply the tabular value by bS/1000. 

Design of beams. For a rectangular beam of any material, type, and loading 
find the maximum bending moment from Table 7 or by calculation, find the 

ratio of the moment to WL/8 (value for simple beam uniformly loaded) and 
divide the tabular values, Table 8, by this ratio. The allowable loads as given 
in the table are multiplied by 68/1000 and divided by M + WL/8. 


Table 8. Uniformly-distributed loads on rectangular wooden beams one inch wide 


Span Depth of beam in inches 
in 
feet 7 | 
6 7 8 9 10 11 12 13 14 15 16 18 

5 800 | 1090 | 1420 | 1800 | 2220 | 2690 | 3200 | 3755 | 4355 | 5000 | 5690 7200 
6 667 907 | 1185 | 1500 | 1850 | 2240 | 2667 | 3130 | 3630 | 4170 | 4740 | 6000 
7 570 780 | 1015 | 1285 | 1585 | 1920 | 2285 | 2685 | 3110 | 3570 | 4060 | 5140 
8 500 680 890 | 1125 | 1390 } 1680 | 2000 | 2350 | 2720 | 3130 | 3560 | 4500 
9 445 605 790 | 1000 | 1230 | 1490 | 1780 | 2090 | 2420 | 2780 | 3160 | 4000 


10 400 540 710 900 | 1110 | 1340 | 1600 | 1880 | 2180 | 2500 | 2840 ; 3600 
11 360 490 650 820 | 1010 | 1220 | 1450 | 1710 | 1980 | 2270 | 2590 | 3240 
12 330 450 590 750 | 930 | 1120 | 1330 | 1560 | 1810 | 2080 | 2370 | 2970 
13 310 420 550 690 850 | 1030 | 1230 | 1440 | 1680 | 1920 | 2190 | 2790 
14 290 390 510 640 790 960 | 1140 | 1340 | 1560 | 1790 | 2030 | 2610 


15 270 360 470 600 740 900 | 1070 | 1250 | 1450 | 1670 | 1900 | 2430 
16 250 340 440 560 690 840 | 1000 | 1170 | 1360 | 1560 | 1780 | 2250 
17 230 320 420 530 650 790 940 | 1100 | 1280 | 1470 | 1670 | 2070 
18 220 300 400 500 620 750 890 | 1040 | 1210 | 1390 | 1580 | 1980 
19 210 290 380 470 590 710 840 | 990 | 1150 | 1820 | 1500 | 1890 


20 200 270 360 450 555 670 800 940 | 1090 | 1250 | 1420 | 1800 
21 190 260 340 430 530 640 760 895 | 1035 | 1190 | 1355 | 1710 
22 180 250 320 410 505 610 725 855 | 990 | 1135 | 1290 | 1635 
23 175 240 310 390 480 585 695 815 | 945 | 1085 | 1235 | 1565 
24 166 230 290 375 | 460 560 665 780 905 | 1040 | 1185 | 1500 


25 160 220 285 360 445 540 640 750 870 | 1000 | 1140 | 1440 
26 154 210 275 345 425 515 615 720 846 960 | 1095 | 1385 
27 148 200 265 330 410 500 595 695 810 925 | 1055 | 1335 
28 143 195 255 320 395 480 570 670 780 895 | 1015 | 1285 
29 138 190 245 310 385 465 550 650 750 860 980 | 1240 


30 133 180 235 300 370 450 535 625 725 835 950 | 1200 


Find the allowable concentrated load at the center of a cast-iron beam 


Example 1. 
q 0 lb. per sq. in., beam fixed at one end, supported 


2 in.X6 in., span 10 ft., working stress 300 


at the other end. ; 3 pate 
From Table 7, 1 = 3PL/16 hence ratio of moments is 34. Tabular value of load for 


beam 6 in. deep with 10-ft. span is 400 lb. Hence P = 400 X % X 2 X 3000/1000 = 1600 Ib. 

Example 2. Find the width of a simple wooden beam 12 in. deep with 16-ft. span to 
carry 2000 Ib. at the center with a working stress of 800 lb. per sq. in. : 

M = PL/4 hence the ratio of moments is 2; of stress 8{o. Tabular value for 12-in. 
depth and 16-ft. span is 1000 lb. For the given conditions the load per inch width is 
1000 X % X 80 = 400 lb. Required width is 2000 + 400 Seen 

For beams of various cross-sections, express the bending moment in inch-pounds, then 
M/S = I/c and the section is determined by the value of the section modulus. Table 9 
gives properties of some common sections. For moments of inertia of other sections see 


Sec. 26, Table 4. For rolled shapes see Tables 21 to 24, incl. 
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Table 9. Properties of sections of beams 


Section Moment of inertia, Section modulus, Radius of gyration, 
of bearn : £ I/c r 


bd3/12 bd2/16 d/V12 = 0.2894 
bydy3 — bodes byd13 — bodes \ byd}3 — bade’ 
te 6d, 12(byd, — bade) 


YY \ rd4/64 rd3/32 a/4 

RS aS r(dyt — dot) /64 x (dyt — do4)/32dy WV dy? + do2/4 
S 
3 oy — 

Udi, bd’ /36 bd2/24 (min.) d/V18 = 0.236d 


Deflection of beams. Whena beamis subject to an external bending moment 
the fibers in tension are elongated and those in compression shortened. ‘This 
causes the beam to deflect and the neutral surface assumes the form of a curve. 
The trace of this surface in the plane of bending is called the ELASTIC CURVE 
and the radius of curvature at any point is R = HI/M. Replacing R by an 
approximate value Rh = 1 + d?y/dz?, HId?y/dx? = M. This is integrated by 
expressing M as function of x and determining constants from the conditions 
of the problem. Maximum deflection f for various beams and loadings is 
given in Table 7. In general f = PL'/nII in which n is a constant depend- 
ing on the type of beam and loading. Stirrness = 1/f. Beams are often 
designed so that deflection shall not exceed a specified value, usually L/360. 
Since, with increase in span, deflection increases more rapidly than stress, 
design of long spans may be controlled by the former rather than the latter. 


Example. Specifications give a working stress not to exceed 16,000 Ib. per sq. in. and 
deflection not to exceed L/360. Find the distance d between adjacent I-beams for a floor 
to carry a uniform load of 100 lb. per sq. ft. Span = 25 ft., I-beam 10 in. deep weighing 
30 lb. per ft. 

W = 100 X 25 X d = 2500d; I/c = 26.8 (Table 21). M = WL/8 = S(I/c) hence 
for stress of 16,000 Ib. per sq. in., 2500d X 25 X 1346 = 16,000 X 26.8, and d = 4.6 ft. 
For deflection: L/360 = 5WL3/384EI. Taking E = 30,000,000 (Table 1). I = 134.2 
and W = 2500d, d = 3.83 ft., hence the beams must be spaced 3.83 ft. or less center to 
center. Had the span been 20 ft. of less, the load to cause a stress of 16,000 would not 
have caused deflection greater than L/360. 

Relation between stress and deflection. Bending moment is PL/m where m is constant, 
hence PL/M\= S(I/c) or S = PLc/mI. Likewise f = PL3/nEI, hence f/S = ML2/nEc. 
Por any given material and section f/S = kL2 in which k is constant. Hence for given 
load and section, if the span is doubled S is doubled but f is increased 8 times. Also, if the 


span is doubled and the load is reduced so that S remains constant, f is increased 4 
times. 
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Constrained beams. The ends are built into a wall in such a manner that the tangent 
to the elastic curve at the end is fixed in direction. Constrained beams are stronger and 
stiffer than simple beams. (See Table 7.) Most beams with riveted connections have 
some constraint but unless the latter is known to be rigid it should be neglected and the 
beams treated as simple. 


Continuous beams are those resting on several supports. Shears and 
moments are similar to those of constrained beams. Shear at any point 
equals the sum of all the loads and reactions to the left of the point. The 
moment at any section B equals the moment at any other section A plus the 
moment of shear at A about B, plus the moment of all intervening forces. 


My, = Mgt Vat — P(x — d) — wzx?/2. 


If two adjacent spans of a continuous beam have lengths Z; and Ly and unit loads wy 
and w2, then the moments at the three points of support are connected by the theorem 
ML, + 2M2(L, + LI) + M3L2 =—_— w1L12/4 == weD»3/4. If Ty = Ly and Wy = We then 
M, + 4M. + M3 =— wLl2/2. From these equations moments, shears, and reactions can 
be computed. Table 7 shows diagrams for uniformly loaded continuous beams of two and 
three equal spans. The sign of shear changes on opposite sides of the point of support and 
the reaction is the sum of the two values. 


Impact on beams. See axial impact, Art. 3. If a load W falls through a 
vertical height h and strikes a horizontal beam, S; = S + S(1 + 2h/d)”; 
d; =d+d(1 + 2h/d)”, in which S; and d, are stress and deflection due to 
impact and S and d the corresponding values for the same load applied as a 
static load. Sis found by the flexure formula and d from the value of f in 
Table 7. 


Example. A cast-iron beam 1 X 6 in. has a span of 10 ft. If a weight of 50 lb. falls 
2 ft. and strikes at the center of the span, find the stress due to impact. 
8 ue 50 X 120 X 6 950 Ib F, PLS 50 X (120)8 x 12 & 
aces De AR tO ha cl gb eA Bh cm AB) 415,000, 0000X, 68... 5 


S1 = 250 + 25011 + 24 X 150) 2 = 15,250 Ib. per sq. in. 


1 
150° 


7. Columns 


Columns are compression members whose unsupported length is more than 
8 or 10 times their least dimension. Failure occurs in long columns by buckling 
at a stress below the elastic limit. Short columns, such as those commonly 
used in structures, fail by a combination of direct compressive stress and stress 
due to bending. The strength of such columns is a function of both section 
area and its least moment of inertia. SLENDERNESS RATIO is defined as l/r, 


in which J is the unsupported length of the column and r =/J/A = LEAST 
RADIUS OF GYRATION, both generally expressed in inches. 

Long columns, //r greater than 100 or 125, fail by 
buckling. The load necessary to cause failure depends 
on the condition of the ends of the columns, those with 
ends rigidly fixed being stronger and stiffer than those 
with round ends (Fig. 17). The buckling load for round 
ends is given by Euler’s formula as P = 7°HI/l’, or 
P/A = r°E(r/l)?. For columns with both ends fixed, 


dade P 
P/A = 4r?H(r/l)?. ; 

‘ Short AAD fail by direct stress P/A and bending pondinde Liked ge 
stress Pec/I in which Pe = bending moment due to deflec- 
tione. Bute = kl?/c, in which k = constant, hence total 
stress S = P/A[1 + k(l/r)?] and P/A = S/{1 + k(l/r)?] which is Rankine’s 
formula, much used in design for values of J/r = 20 to 150. Values of k 


Fig, 17.—Flexure of 
columns. 
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recommended by Merriman are givenin Table 10. iS = allowable compressive 
stress in material. 


Table 10. Values of constant k in Rankine’s formula 


- One end fixed 
B 4 ‘| Both end 
Material er id other end Gonned i 
round 
Timbers. saychics spins 1/3,000 1.95/3,000 4/3,000 
Gasteinonn ces aandse ns 1/5,000 1.95/5,000 4/5,000 
Wrought iron.........| 1/36,000 | 1.95/36,000 | 4/36,000 
Steel ine esate aay 1/25,000 | 1.95/25,000 | 4/25,000 
Straight-line column formula, much used in recent specifications, is P/A = 
S — c(l/r), in which S = working stress in material and c = a constant. The 


formula represents a straight line tangent to Euler’s curve and gives values on 
the side of safety. 


Allowable values of P/A for strauctural-steel columns 


Am. Bridge Co. A. RB. E. Assn. Gordon’s Formula New York 
l l 12,500 | l 
19,000 — 100 16,000 — 70-- oe waceety iee - 15,200 — 58 
13,000 max. 14,000 max. 1 + 36,0002 


For timber columns Am. R. R. Eng. Assn. gives P/A = S(1 — 1/60d) in which S = safe 
compressive stress along grain, 1 = length of column, and d = least dimension; / and d are 
expressed in the same unit. For 1/d < 15, S = P/A. Table 11 is based on this formula 
with S = 1000 lb. per sq. in. For other values of S solve by proportion. 


Table 11. Safe loads for wooden columns, in units of 1000 lb. 
(Based on safe end-bearing compression of 1000 lb. per square inch) 


Un- Size of column, inches 
braced 
length, 
feet 4X4 | 6K6 | 8X8 | 10X10 / 1212) 14x14) 16K 16 
4 CERO! dhe mer redtyPesy siskeeh .<eends : Belen. Sree 
6 SS RP Cars OD etn ce, Step or SMe eee peace fe ee, | pee me 
8 ye eet aaah teins eines (Raemioc’s a Neet-ol epee rales Wha ots Pelle set pee 
10 BN ASE ASS pA. POON ne aes ee Pee eee 
12 GAT | QU IO TAS Ts TOOROF ia She ee A Ree 
14 4.8 | 19.1 | 41.6 TORO ABE: (Oy vies: srcrsllliy bce ks 
TGs. three 16.9 | 38.4 CS Or) OS:6.4), WOR Or me cose 
i Sa neers - 14.4 | 85.2 63.0 | 100.8 | 145.0 | 256.0 
Aan ene or 12-0 | 32.0 60.0 96.0 | 140.0 | 192.0 
Eh wok a ae 9.7 | 28.8 br 0) 91.3 | 134.0 | 185.6 
24 nels aa 20.6 52.0 86.4 | 128.0 | 179.2 
BO he a Re. eee 22.4 48.0 81.60 £285 172 18 
DS alt ice MRO SESS 19.2 43.0 76.4 | 117.6 | 166.4 
1D, |e esl ese ee Se 40.0 72:0 | Wd .8 1) 160.0 
3 ae a MAR ees (RE eke rae oe 36.0 67.6 | 106.5 | 153.6 
oN earth eece orem He 33.0 6270 | 100.8" | 147 2 
BE ile au cette. Skee Ce AN Wa oee, 57.6 95.2 | 140.8 
0 Sn PR oetoS oe tat al ieee aele lo cath Dans 89.6 | 134.4 
LOW onc ah ache Dl a vk Slew. nny 48.0 84.0 | 128.0 
~V~ atin, (a teak Weal ae eI ay ye a Tock L2E. 6 
44 tee ape rae eT AP CUS nen? MARS AA eel 9 G2 BAM AAS 22 
AS ORR IE) ev a heal bate as la 48 ae Mies tae ea a 67.2 | 108.8 
toe OR toy Sah Ge RES ae ee eG eel tS os ae 102.3 
DOs Dea oe ode Syseltee moa coeal lke eae Ie a eee eal oa eee 96.0 
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Round cast-iron columns have an average ultimate strength, according to Burr, of 
P/A = 30,500 — 165(i/d). This formula may be used if a factor of safety of at least 4 is 
introduced and l/r made less than 70. Cast iron is not good structural material. 


Eccentric loads on a prism. Short blocks carrying loads not in line with 
their axes have a non-uniform stress distribution that is similar to the ease of 
short columns. 


Let the eccentricity of the load be e, then the moment of the load about the c.g. of the 
section is Pe which produces stress Pec/I. Hence the maximum unit stress is S) = P/A + 
Pec/I = P/A( + ec/r2). Minimum stress S, = P/A(1 — ec/r2). If the section is 
rectangular with breadth b and length unity, Sj = P/A(1 + 6e/b). The stress has straight- 
line distribution (Fig. 18) average value = P/A. 

If the eccentricity for a rectangular section = b/6 then Sy = 2P/A and S. = 0. If eis 
greater than b/6, Sp reverses in sign. Hence the condition to be satisfied in the design of 
DAMS and RETAINING WALLS, in order that there be no tension in the joint, is that the result- 
ant pressure fall within the middle third of the section. 


Fie. 18. « Fia. 19. 


Eccentric loads on columns (lig. 19) produce stresses which are found by 
combining the formulas of the preceding paragraph with Rankine’s formula, 


[2 
hence P/A =S/(1 + ke + wee The stresses can also be found by use of the 


straight-line formula. The combined stress due to axial load and bending 
moment should not exceed the value of P/A as given by the formula. No 
direct solution is possible but the problem is solved rapidly by trial. 


Let P = direct load in lb. Py = eccentric load in lb. M = bending moment due to 
cecentric load in in.-lb. = Pe. I = moment of inertia of column in direction of bending. 
c = extreme fiber distance. S = allowable value of P/A as given by the column formula. 
A = area of section in sq. in. 

The value of S should be equal to or greater than (P + P;)/A + Mc/I, the combined - 
stress due to compression and bending. Indesign, assume a section in excess of that required 
for the direct compressive load P + P, and compute the combined stress. If this is too 
great make another trial. 

Example. Required to select a standard-channel column 20 ft. long to carry an axial load 
of 40,000 lb. and eccentric load of 20,000 Jb., 15 in. from the center on axis 2-2. (Table 22.) 

Try 12-in. @ 20.5-Ib. channels back to back. A = 12.06,1 = 256,c =6,r =VI/A = 
4.61. Henee fiber stress = 60,000/12.06 + (20,000 X 15 X 6)/256 = 11,980 lb. per sq. in. 
Allowable value of P/A, using A.R.E. formula, is P/A = 16,000 — (70 X 240)/4.61 = 
12,360, hence the column chosen is satisfactory. 


8. Torsion of shafts 


If a bar is firmly fixed at one end and a twisting 
couple Py is applied at the other end (Fig. 20), the bar 
is twisted through an angle a and the fibers undergo 
shearing stress. In case of a round shaft, unit shear- 
ing stress in any section perpendicular to the axis, 
varies directly as the distance from the axis. . Fic. 20, 
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Let Mi = Pp = twisting moment. S = unit shearing stress in remotest fiber. ¢ 
distance from axis to remotest fiber. J = polar moment of inertia =Iz+Ty. G@ 
shearing modulus of elasticity. Then M; = SJ/c = aGJ/L. 

For a solid circular shaft J = rd4/32 and c = d/2, therefore M; = rd3S/16. If the 
shaft were designed to deliver H horsepower at N revolutions per minute, then d = 
68.5(H/NS)”. Hollow shafts are stronger than solid shafts of the same weight since the 
material is removed from the vicinity of the axis where the stressis small. If dj and dz repre- 
sent outside and inside diameters respectively, then J = r(di4 — de4)/32 and c = d;/2, 
hence M; = Sx(dy4 — do4)/16d and S(dy4 — de4)/d,; = 321,000H/N. 

The angular distortion of a circular shaft in degrees is: @ = 57.3M,l/GJ = 
3,610,000HL/NGJ. 

Note.—For steel the value of G varies from 12,000,000 to 15,000,000 lb. per sq. in. 


* 


9. Combined stresses 


Combined flexure and torsion occurs when a twisted body undergoes bend- 


ing, e.g., a shaft supported by bearings at each end and carrying a pulley at its 
center. 


Let S = Mc/I = unit bending stress and Sr = Mjc/J = unit shearing stress due to 
torsion. For circular shafts S = 8PL/md3; Sr = 16M;/rd3. S§ and Sy combine to produce 
a normal stress Sjm and tangential stress St on an interior plane. Maximum values are: 


Sn = WS £VS,2 + (6/22; Si =V 8,2 + (6/2)2. 


The formulas apply to any case of normal stress combined with shear. Use (+) sign to 
find maximum tension where S is tension and (—) sign for compression. 


Combined flexure and compression occurs when a truss member is under 
bending as well as direct stress (Fig. 21). 
Maximum stress is the sum of the direct 
stress and the bending stresses. 


Let S = P/A = direct stress and Mc/I = bend- 
ing stress where M is total moment due to both P 
and P’. If Pis small compared with P’, the total 
stress S = P/A + Moc/I, in which Mo is the bending moment due to P’ only. If com- 
pression is large, bending due to P must be considered. Moment = Pf, where f = maxi- 
mum deflection. Total moment is My + Pf and resultant stress is 


P Moe/I 
S=—4+— >, 
A! 1— PL2/CEI 


in which L = the span and C is a constant haying the value of 10 for hinged-end columns 
and 32 for fixed ends. 


REINFORCED CONCRETE 


Concrete is excellent material in compression and has great durability but 
it is weak in tension. Steel has high tensile strength but lacks durability when 
exposed to the atmosphere. Concrete-steel structures, in which tensile stresses 
are carried entirely by the steel, while concrete carries compression and at 
same time acts as a protective coating for steel, are ideal both as regards 
strength and permanency. ‘Tension members should be all steel with concrete 
as a protective coating, massive compression members may be concrete only, 
but all members where bending is involved should be reinforced by steel bars 
which carry the total tensile stress. In the latter class are beams, floors, 
retaining walls, dams, and foundations. 
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Notation 


Rectangular beams. (See Fig. 22.) Ss = tensile unit stress in steel. Sc = compressive 
unit stress in concrete. Hs = modulus of elasticity for steel. E- = modulus of elasticity 
for concrete. n = E;/E;. M = moment of resistance or bend- 
ing moment in general. Msand M; = resisting moments with 
respect to steel and concrete respectively. As = area of steel. 
6 = breadth of beam. d= depth of beam to center of 
steel. k = ratio of depth of neutral axis to effective depth d. 

2 = depth of the resultant compressive force below the top of 
the beam. j = ratio of the lever arm of the resisting couple 
todepthd, jd = d — z = arm of resisting couple. p = steel 
ratio (not percentage). V = vertical shear. v = unit shear- 
ing stress. 

T-beams (in addition to preceding). 6 = width of flange. 
6b; = width of stem. ¢ = thickness of stem. 

Columns. A = total net area. As = area of longitudi- 
nal steel. Ac = area of concrete. P = total safe load. 


10. Reinforced-concrete beams 


Steel reinforcement is placed in the tension flange to prevent failure by 
tension; more rarely in the compression flange to give the beam greater 
strength; the ends are reinforced by stirrups or by bending up the horizontal 
bars, or both, in order to prevent failure by diagonal tension produced by a 
combination of vertical and horizontal shear. Fig. 23 shows lines of maximum 


WA i 
Seer Coo i 
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tensile stress in beams. If no reinforcement were present, the beam would 
tend to rupture along planes perpendicular to these lines, producing cracks as 
shown. Reinforcement must in general be parallel to these lines of stress. 
Fig. 24 shows methods of reinforcing the web against shear. 


Formulas for beams 


The assumptions are: perfect adhesion between steel and concrete, straight- 
line distribution of stress in concrete, tension in concrete neglected. 

Rectangular beams. PosITION OF NEUTRAL Axis; k =V 2pn + (pn)? — 
pn (1). ARM OF RESISTING CouPLE: j1 = d(1—k/8); j =1 F k/3 (2). 
ResistInc MoMENTS: Ms, = S;Asjd = Sspjbd? (3). Me = Sckjbd?/2 (A). 
Fiser stress for a given bending moment M is Ss = M/Asjd (Oe Sis = 
2M /jkbd? (6). Sc/Ss = 2p/k (7). Sten, ratio for a given stress is 


(8). 


et, 184 @ ) 
aot ; 1 
S-- \nSe 
For usual beams of 1 : 2 : 4 Portland-cement concrete, average values are, 
j = 0.875, k = 0.375, p = 0.0077, S, = 16,000, S. = 650, n= 15. In 
design, the breadth of beam b should be 0.5 X d to 0.75 X d. 
Beams that, when tested to failure, collapse by crushing concrete are said 
to be OvER-REINFORCED. If failure by tension occurs in the steel they are 


UNDER-REINFORCED, If the beam is equally. strong in tension and compres- 
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sion, that is, if stress is fully developed in both steel and concrete, the beam is 
said to be BALANCED. ‘Table 12, calculated from formulas (1) to (8), shows 
that for balanced beams p, k, and j vary with S, and S,. A high value of S¢ 
and low value of S,; demands a larger percentage of steel. 


Table 12. Constants for balanced beams 
(Portland-cement concrete, n = 15) 


. | M/bae, | 
Ss Se P k j aes 
| 500 | 0.0062 | 0.349 | 0.884 | 77.0 
14,000.... | *600 | 0.0084 | 0.391 | 0.870 | 103.0 
650 | 0.0096 | 0.413 | 0.862 | 116.0 
500 | 0.0050 | 0.320 | 0.893 | 71.3 
oe 600 | 0.0067 | 0.360 | 0.880 | 95.0 
Sacer 650 | 0.0077 | 0.379 | 0.874 | 107.4 
700 | 0.0087 | 0.397 | 0.868 | 120.5 
550 | 0.0048 | 0.315 | 0.895 | 78.0 
iends 600 | 0.0055 | 0.333 | 0.889 | 88.8 
ae aogle 650 | 0.0063 | 0.350 | 0.883 | 100.5 
700 | 0.0072 | 0.370-| 0.877 | 113.5 


Example 1. Design a reinforced-concrete beam with 15-ft. span to carry a total uniform 
load of 400 lb. per linear ft. 

Assume Ss = 16,000, Sc = 650. Hence k = % j = %, p= 0.0077 (Table 12), 
M = wi2/8 = 400 k 152 X 12/8 = 135,000 in-lb. From Table 12, M/bd? = 107.4, 
hence bd? = 135,000/107.4 = 1255. It is now necessary to assume a ratio of b to d. 
Assume b = d/2 for the first approximation. Then d3 = 2510 and d = 13.6 in. Making 
d = 13.5 in, b = 7 in., and As = pbd = 0.727 sq. in. Table 13 shows that two %-in. 


Table 13. Areas, weights, perimeters of bars 


Round bars Square bars 
Size, 

inches ? | c 
Area Weight Peri- Area Weight Peri- 
meter meter 
Vy 0.049 0.167 0.785 0.062 0.213 1.000 
% 0.110 0.376 1.178 0.141 0.478 1.500 
Y 0.196 0.668 W57L 0.250 0.850 2.000 
% 0.307 1.043 1.964 0.391 1.328 2.500 
34 0.442 ‘1.502 2.356 0.562 1.913 3.000 
% 0.601 2.044 2.749 0.766 2.603 3.500 
1 0.785 2.670 3.142 1.000 3.400 4.000 
1% 0.994 3.380 3.534 1.266 4.304 4.500 
14% ieee, 4.172 3.927 1.562 5.313 5.000 
1% 1.485 5.049 4.320 1.891 6.428 5.500 
1% 1.767 6.008 4.712 2.250 7.650 6.000 


(Areas in square inches, weights in pounds per linear foot; perimeter in inches) 


square bars will meet this condition. Also four %-in. round bars might be used. Economy 
demands a minimum number of bars, but if some bars are to be bent up for web reinforce- 
ment, more than two must be used. The quantity d is the depth to center of steel: a 
further depth, added for fire protection, must be figured to get the total depth. For d Tesd 
than 10 in., add 1 in.; 10 to 20 in., add 1.5 in.; for d greater than 20 in., add 2 in, For 
slabs add from 0.75 in. to 1.25 in. The shearing strength of plain concrete is 40 lb. per 
sy. in, and the area resisting shear is taken as 7bd/8. For this problem maximum shear is 
3000 Ib., hence the unit shearing stress » = 3000/(0.875 X 7 X 13.5) = 36.4 lb, per sq. in, 
and no web reinforcement is necessary. 
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Shearing stress and bond. Web stress is due to diagonal tension but 
the usual method is to consider vertical shear only. The safe unit shearing 
stress in 1 : 2: 4 concrete is 40 Ib. per sq. in. Stress is found from the for- 
mula v = 8V/7bd. Unit stress in excess of 40 lb. must be carried by stir- 
rups or by bent up bars, or both; in the latter case the dimensions of 
the beam may be found from the formula. V = 120bjd. This applies to 
‘short heavily-loaded beams for which shearing stress is the controlling factor 
in design. (See Example 2.) Srresses rn stirrups are found from the 
formula P = musb = 1.14mVs/d (9), in which P = total load on stirrup, 
s = horizontal spacing, mV = shear to be carried by stirrups. For bars bent 
up at 45°, P = 0.8mVs/d (10), in which s = horizontal projection of sloping 
part, and V = averace shear in space s. Bonp srnuss is given by the for- 
mula u = 8V/7dZo (11), in which wu = unit bond stress and Yo = the sum 
of the perimeters of all bars in tension reinforcement. A safe value for wu is 
80 lb. per sq. in. Maximum bond stress occurs at points where V is maxi- 
mum; here tension steel should be run into the adjoining wall or section a 
sufficient distance to develop the required bond, or else bent over in the form 
of hook to give the required anchorage. 

T-beams (Fig. 25). When the neutral axis lies in the flange use the same 
formulas as for rectangular beams. Removal of concrete below the neutral 
axis strengthens the beam by decreasing the 
weight. The area resisting shear is 76,d/8, 7.e., 
the stem only is considered effective in shear. 
For independent T-beams, 6: = b/3, t 5 d/3 
(Fig. 25). T-beams are seldom balanced but 
designed from considerations of shear, head- 
room, and the like. When the stem joins a 
slab as part of a floor system, the portion of the 
slab with a width not exceeding one-fourth the span and not overhanging the 
stem more than 4¢ is considered to form the flange of a 7'-beam (Fig. 27). 

Formulas for true T-beams. The neutral axis lies in the stem and compres~ 
sion in the stem between axis and flange is neglected. Position oF NEUTRAL 
axis, kd = (2ndA, + bi?)/(2nA, + 2bt) (12). PosrTION oF RESULTANT COM- 

i(3kd — 2t) 
PRESSION, Z = 3(2hd — 1) 
Resisting moment M, = S;Asjd, M, = Scbt(kd — t/2)jd/kd (14). Fisrer 
stress S, =M/A,jd (15); Se = Mkd/bt(kd — t/2)jd (16); Sc/Ss =k/n(1 — k) 
(17). 


Feel 


Rias25: 


(13). ARM OF RESISTING CoUPLE, jd = d — z. 


Example 2. Design a continuous independent T-beam for a span of 16 ft. and load of 


1000 lb. per lin. ft. (Fig. 26) in 
Since the beam is not homogeneous, positive and negative moments may be chosen 
with some latitude provided the 


sumis WL/8. The positive mo- 
ment at the center of span is 
generally made WL/12, hence the 
negative moment at the supports 
is WL/24. In this case + M = 
256,000 in.-lb.; — M@ = 128,000 in.- 
lb.; Vmax, = 8000 lb. For a first 


approximation use V = 120b,jd, 
: which assumes bent-up bars and 
Fic. 26.—Continuous T-beam. Séireups' “Phe! gives" thd = 76.2 


which is satisfied by a 6-in. X 13-in. stem. WipTH OF FLANGE may be found by trial or by 
using values of Table 12 as approximations. Thus bd? = 256,000/107.4 = 2390, and 
bh = 14in. If the thickness of the flange is as much as 3% of d, the beam may be considered 
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rectangular, hence make = 5in. The proportions of the beam are now determined except 
that b; may need to be increased to accommodate the reinforcing steel. From equation By 
or from Table 12, As = 1.4sq.in. Conditions governing choice of bars are area and perim- 
eter (bond unit stress is not to exceed 80 lb. per sq. in.). From Equation 11 the required 
perimeter is 8000 X 8/(7 X 13 X 80) = 8.8 in. These conditions are satisfied by two 
54-in, round and two 5-in. square bars, necessitating a double row. (The practice of using 
both round and square bars is not generally resorted to unless a large number of similar 
beams or slabs is to be constructed, in which case the close figuring on steel is justified.) 
Maximum shear = 8000 lb. Concrete carries 6 X 13 X 40 = 3120 Ib., hence the shear 
to be carried by the stirrups = 4880 lb. Using Equation 9 and making the allowable shear 
ing stress 10,000 Ib. per sq. in., if 3¢-in. square bars are used, the spacing at the end should 
be 6.5in. Stirrups are extended into the point where unit shear = 40 Ib. per sq. in., which 
in this case = (3120/8000) X 8 = 3.12 ft. from center of span. The negative moment at 
the supports being half the maximum positive moment, two 5¢-in. square bars are sufficient. 
The flange width (6 in.) is less than one-half the top width, but, due to the reinforcing steel, 
it is sufficient. Bars are generally bent up at the one-fifth points but this point should be 
checked by moments. Bend the bars up where they are no longer needed for tension rein- 
forcement. 

Example 3. To design a T-beam that is part of floor system; L = 20 ft., M = 1,200,000 
in.-lb.; Vi. = 20,000 Ib., £:=- din. (Pig. 275) 

Knowing that the maximum shear is V = 1200,;d X %, bid = 1900. Assume by = d/2 
for the first trial, d2 = 380; d = 20 in.; b} = 10 in. For trial solution use Table 12; 
b = by + 8 = 50 in., Ss = 16,000, Sp = 650, 7 = %, As = M/Ssjd = 4.28 sq. in. Using 
this value of As in Equations 12 to 15, k = 0.31,2 = 1.94,7 = 0.903. Re-calculating with 
these values, As = 4.15, k = 0.3, z = 1.91, 7 = 0.903. The steel area may be made up of 
eight 34-in. square bars giving 
4.49 sq.in. Maximum bond stress 
(Equation 11) is 47.5 lb. per sq. 
in., which is satisfactory. Since 
kd = 6.2 in., the beam is a true 
T-beam. Applying Equations 12 
to 15, Ss = 14,800, S, = 424 lb. 
per sq. in. The steel must be 
placed in two rows of four bars 

Fic. 27.—T-beam as part of floor system. each. The MINIMUM HORIZONTAL 

DISTANCE BETWEEN BARS is 3% 
where 7 is diameter of bar. Since the shear exceeds 40 lb. per sq. in., the bars must be 
bent up and stirrups used (Fig. 27). The bars are bent up in pairs and each pair is good 
for 15,600 lb. shear (Equation 10). Since the shear to be carried by the steel is 20,000 — 
(20 X 10 X 40 X %) = 13,000 lb., no stirrups are necessary in| the space covered by the 
bent-up bars. They are put in nevertheless, at intervals of 34d. For the remainder of 
the space, the interval between stirrups is to be calculated as Example 2, 


q ail 
ewe Gad tant Seiad FPL 
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11. Reinforced-concrete columns 


Reinforced-concrete columns may have longitudinal steel only, or longi- 
tudinal steel combined with circular hoops or spirals. The formula for sarp 
LOAD is: P = S,(A, + As) = S,A[l + (n — 1)p]. 


Safe values are Se = 450, n = 15, p = 0.01 to 0.06. The column length should not be 
more than 12 to 15 diameters and the concrete should be rich, 1 : 2: 4 or better. In figuring 
the area of the concrete, only that within the steel should be considered; the outside shell 
or fire-proofing should be neglected. No advantage obtains from increasing the steel 
percentage above 5 or 6 since the steel can only be stressed to nSe; with the values above, 
6750 lb. per sq. in. Hoop or spiral reinforcement in addition to longitudinal steel adds 
considerably to the resisting strength of concrete; S; may be taken as 650 lb. per sq. in, 
The area of longitudinal steel alone is to be considered in figuring the load. 

Columns of rigid structural shapes encased in concrete, in which the cross- 
section of the steel exceeds 4 per cent., may be considered equal in strength to 
that of the steel column alone, figured by the usual methods, plus the strength of 
the concrete within the steel shapes, figured with S as 75 per cent. of normal 
yalue. The strength of the outer shell must be neglected. 


Example. Design a circular reinforced column 15 ft. lon 

: g to carry 100,000 lb. Assume 
p = 0.02, then P = 450A (1 + 0.28); A = 100,000/57 = 174,d = 14.9in. Area of steel = 
0.02 X 174 = 3.56. Use eight 34-in. round rods and make the outside diameter 18 in, 
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BUILDING CONSTRUCTION 
12. Foundations 


Bearing power of soils varies widely with the nature of the soil and the load. 
It depends on depth of foundation, which should always extend well below 
frost line; on lateral confinement or inability of the soil to flow sideways, on 
‘moisture content, inclination of strata, and on distribution of pressure. For 
important work it is advisable to dig a test pit, apply a known load to a given 
area, and observe settlement. Table 14 is summarized from a number of 
city building codes and from typical practice not so limited. 


Table 14. Safe bearing power of soils 


Safe load, tons per sq. ft. 


Nature of soil an é 
Minimum Maximum 


Hard jrock in thick beds 1m placer wesisosrecercsee-ee ews 20 
Rock, well-consolidated sedimentary.............. 1 
Rock, soft sedimentary, or badly broken harder rock 
Clay Ary: Sand yjob jcc divease sorb ee eS TD. 
Clays umoderately Ory zc gieace Vinee cers tho GATS 
ROTO ESO iter, tr Set Stier: Suerte: ee Siar ton cag 
Gravel and coarse sand, well cemented............ 
Sand, compact and well cemented................ 
Sand, .cleanhary: & -peybcein. ata tecemclt. oo eet. We 
Ourcksand, alluvial! soils, eC <0. 545 a <serus pow «spices vere 


CONF OrFRN KONO 


or 


Rock will generally carry any load that can be brought upon it by masonry or concrete 
footings. It should be leveled off to prevent slip and all soft spots should be filled with 
concrete. 

Clay soils vary greatly in bearing power. Slate or shale will carry any load while soft 
wet clay will flow or squeeze out under moderate loads. Drainage greatly improves bearing 
power. 

Sand and gravel in thick beds, protected from the action of running water, make good 
foundation and may carry 6 to 10 tons per sq. ft. 

Semi-liquid soils, such as quicksand and alluvium, have little bearing power and should 
not be relied on, if it is possible to remove them or to drive piles to a more solid sub-stratum. 
They can, however, support a considerable load due to hydrostatic pressure, which increases 
with depth. 

Soil increases in compactness and bearing power with depth and is generally improved 
by drainage. Some settlement always occurs, and unit bearing pressures should be low. 
Structures should be designed for uniform settlement, hence the unit pressure on the base 
should be constant. This can be accomplished only by having the resultant load pass 
through the center of area of the base, otherwise eccentric loading occurs with consequent 
unequal pressures and settlement. Uniformity of pressure is facilitated by making founda- 
tion of each wall and pier separate and proportional in area to the load to be carried. This 
rule is not applied to dams and retaining walls, but if neglected in the case of buildings, 
uneven settlement may cause dangerous cracks. Compactness of clay soils may be increased 
by driving small piles 6 in. diameter and 6 ft. 
long at intervals of two to four ft. This 
method is not effective in sand and sandy soils 
since these are incompressible. 


Footings are designed tospreadacon- ; Poes Ss 
centrated load over sufficient area so (a) Concrete (6) Brick (0) Reeinfucses 
that the load per square foot falls hn 
within allowable limits. See Fig. 28. Fig. 28.—Footings. 

Ratio of offset J to depth d is given in Table 15. In general] = dV R/pf/6 in 
which R = modulus of rupture in lb. per sq. in., » = pressure in tons per sq. ft., 
f = factor of safety. 
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Timber and reinforced-concrete footings are designed as beams, the offset 1 being a 


cantilever beam under uniform load. 


Table 15. 


Safe offset for masonry footing courses 


When 1 is large, great masses of masonry may be 


avoided by the use of a grillage 
of wood or steel beams, or a 


reinforced-concrete slab with 
reinforcement in both direc- 


p in tons 5 
per sq. ft. tions. : 
Kind of stone R Pile foundations. 
0.51 10 | 2.0 Timber piles are used ex- 
tensively; when below 
Bluestone mena tas eee 5026 | 5.2 | 3.7 | 2.7 | water level they last in- 
Se aida tak hee eel eel oo lag | definitely. Piles should 
IMeSbONE Ae ee es SP . 7 ; 2. : : 

Sandstone................-| 1378 | 2.8 | 2.0 | 1.4 | be 6 to 8 in. at the small 
Good brick, natural cement end and preferably not 
mortar, after 60 days..... 120 | 0.8 | 0.6 | 0.4 | over 14 in. at the butt. 

Concrete, 1: 2: 4 (Portland)... 400 | 1.6-) TL | 07% : 
Tibet... ih ome 1000 | 7.5 | 5.3 | 3.7 | Lf the pile bears on hard 
| rock it should be figured 


as a column, to obtain 
the safe load. Ordinary piles depend on friction for bearing power. ‘The 
ENGINEERING NEWS FORMULAS for safe load are: 

For PILE DRIVEN WITH DROP HAMMER, P = 2wh/(s + 1). 

For PILE DRIVEN WITH STEAM HAMMER, P = 2wh/(s + 0.1) in which P = 
safe load, lb.; w = weight of hammer, lb.; s = penetration under last blow in 
inches. Piles should not be closer than 2.5 ft. center to center. The average 
allowable load is about 12 tons per pile; maximum, 20 tons. 


Concrete piles are both cast-and-driven, and cast in place. 


They cost from four or five 
times as much as timber piles and carry 25 to 35 tons. 


They are commonly jet driven. 
13. Masonry construction 


Stone should be strong, durable and cheap; dense, hard, and uniform, and 
show a clean, sharp fracture free from loose 


grains. Stonework can be divided into two 
general classes, viz.: ashlar and rubble. Asu- 


LAR MASONRY consists of stones of rectangular @eursed Broken Rubble | Rubble 

; ashlar ashlar (Dressed (Undressed 
shape and may be further classified as coursed joints) joints) 
range and broken range (Fig. 29). Good fc. 29.—Ashlar and rubble 
ashlar is laid with 1:2 cement mortar masonry. 


Table 16. Safe working stresses for masonry construction 


Pounds Tons 
KxXind of stone pen Dar 
square | square 
inch foot 
Granipesashlar..: ... seb. eee + cot oe ee 700 50 
Limestone, hard «Rett. : nee eee, ee 650 47 
Marblosashlar se ic easton. ict ds osnaone 600 43 
Soft limestone and sandstone ashlar......... 500 36 : 
Rubblein-Portlandcement) . 3.0... 20... 00, 250 18 
Rubble inchimescement..2).. . We.4e, 28 140 10 
Brickwork in Portland cement.............. 350 25 
Brickwork in natural cement............... 250 18 
Brickwork in lime mortar.....70..90....... 140 10 
Conereté; Portland, 1:2irain et 400 29 
Concrete, (Portland len3.0:Oscemecr. ctlapshaaesk 350 25 
Wonereto, naturale deci. Ore et tie nee 150 10 
eS ee ee ee ee ee | 
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with joints not more than 14 in. wide. The safe bearing values given in Table 
16 are based on this assumption. RuBBLE MASONRY is built up of rough 
stones laid in mortar, the latter constitutes 20 to 50 per cent. of the total mass. 
Dry rubble is laid without cementing material. RUBBLE CONCRETH consists 
of concrete in which large stones are imbedded. Rrprap is loose stone piled 
around piers and on earth to prevent wash. 

The largest stones in walls should be at the bottom, individual stones laid on the broadest 
face; if stratified, bedding planes should be normal to stress. Porous stone should be wet 
before being laid. All voids should be filled with cement or mortar. 

Brickwork. Strong brickwork is built of hard, well-burned brick and laid 
up with MorTAR composed of one part Portland cement, one part lime paste, and 
three parts sand. AVERAGE MORTAR consists of 1 cement, 1 lime, 6 sand. 
Common BRICK is generally 814 x 4 X 214 in. and a deep salmon color. 
When broken it should show fine, uniform texture and give a clear ringing 
sound when struck. Soft or under-burned brick is light in color and should not 
be used in heavy structures. Good brick- 
work may safely carry 20 tons per sq. ft., ; - 
if laid inl :3 cement mortar, and 8 tons Poot GORE oo 
per sq. ft. if laid in lime mortar (1 lime, 6 Common bond English bond Flemish bond 
sand). Isolated piers of brickwork, be- 30.—Bonds used in brickwork. 
cause of increase of stress due to column 
action and the possibility of eccentric loading, should have unit loads of 
only 60 to 75 per cent. of these values. In Layine Brick, the structure 
must be tied together by alternate use of stretchers and headers. Common 
types of bond are shown in Fig. 30. 


14. Retaining walls and dams 


Retaining walls are designed to resist earth pressure. They are built of 
rubble masonry, rubble concrete, and reinforced concrete. Gravity walls 
depend upon their weight to resist sliding and the overturning effect of pres- 
sure on their backs, the only forces acting being the earth pressure and th, 
weight of the wall. 


If Fig. 31, let W = weight of wall in pounds per lin. ft., H = earth pressure in pounds 
per lin. ft., and R =resultant force found by combining W and Z. 


Failure may occur in three ways; (1) by sliding along base (AB) (2) by 
overturning about the toe at A; (3) by crushing the wall or the foundation at 
A. Sliding is prevented by friction between the wall and the 
ground. Gravity walls are generally safe against sliding if 
conditions (2) and (8) are provided for. Light reinforced- 
concrete walls demand special investigation and usually have 
a projection on the base (Fig. 34). The wall will not over- 
turn provided the resultant falls within base AB. Only small 
walls are in danger of failure by overturning; in large walls, 
the masonry will crush at the toe before overturning. 
CRUSHING AT THE TOE is prevented by keeping unit loads 
within the safe bearing value. Pressure at the base varies 

psc uniformly from A to B (Fig. 31), due to eccentric loading. 
Maximum unit LoaD (Art. 7) is given by S = P(1 + 6e/b)/d in which P = 
vertical component of resultant pressure in Ib. per lin. ft., b = width of base 
in ft., e = eccentricity, or distance from center of base to point where F cuts 
base line. The usual requirement is that the resultant pressure fall within 
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the middle third of the base. This insures that the maximum unit pressure 
will not exceed twice the average pressure (Fig. 18b) and no tension will 
exist at the heel. 

Earth pressure. Lateral pressure due to the weight of earth varies 
directly as the depth, as in the case of water pressure. (Art. 20.) The 
resultant acts one-third up from the base. If the wall is surcharged, the 
resultant is assumed parallel with the surface (Fig. 32). The general formula 
is E = kwh2/2 in which EZ = earth pressure, lb. per lin. ft.; h = height of wall, 
ft.; w = weight of filling per cu. ft.; k = a constant which is independent of 
the weight and height but depends on the angle of repose (or friction) of the 
material and the angle of surcharge. Rankine gives the value of k as 


cos 6 —V cos? 6 — cos? 
cos 0 +V cos? 0 — cos? o 


in which @ = angle of surcharge and ¢ = angle of repose. 


k = cos 8 


Table 17. Slope of repose and weights for loose earth 


arduotcarth Slope of |} Angle of | Weight, Jb. 

repose repose per cu. ft. 
Sand, clean. ....... 1-5. to. 1 oo 4 90 
Sand and clay......}| 1.33 tol 36°53" 100 
Claywdryssi ee at 1.33 tol 36° 53’ 100 
Clay, damp, plastic.| 2 to 1 26° 34’ 100 
Gravel, clean ooo. s. 1,33 to t 36°55" 100 
oth egtry eceter 5 ccace aces 1.33 tol 362 0a 100 
Rock, soft rotten...| 1 to 1 45° 110 
Cinders: . Brags Sih 2 tol 45° 45 


Table 18. Values of coefficient k. (After Rankine) 


Value Angle of repose, ¢ degrees 

of = 

g 0 10 15 20 25 30 35 40 45 

0 1.00 0.71 0.59 0.49 0.40 0.33 0.27 0.22 OL? 
HOO gs GRR: 0.99 0.65 0.53 0.41 0.35 0.28 O23 0.18 
LD peer tee eee 0.97 0.60 0.47 0.38 0.30 0.24 0.19 
ON Wits at Eicee Sy AIL AWE ap are caked Rac ceed 0.94 0.54 0.42 0.32 0.25 0.20 
Piss Il wets ts Cn | eR caps Neer et-nre nee | a eae 0.91 0.50 0.38 0-27 0.21 
Be  clegetesdecicth bes scceeibac ben cece acer ac eevee Here ST I, 2k 0.87 0.44 0.31 0.23 
Seprlimiee® a tee... kh beens. eet) sunt 1S) Baap 0.82 0.39 | 0.27 
AQ A Ad wectbal der + orsy0ltoweep Pecans be preren| farcr cre srvsdll|. of ods a eee 0.77 0.34 
ED mal ants yy Peed | ego nele > cue] hee ie <Peks peel Gee all peBice wuss lan aphasia coc Ove 


Design. Small rectangular walls are often built without computation. 
The base is made 0.4h to 0.6h, where h = height in ft. If frost is likely, the 
wall should extend at least four feet below the ground surface. Trapezoidal 
walls are more economical than rectangular. The back of the wall is often 
built in steps because of greater ease in constructing forms; the face generally 
has a batter of 1 in 12 to prevent forward settlement due to uneven pressure 
distribution. The base of trapezoidal walls is made 0.4h to 0.6h and the top 
width 1.5 to 3 ft., the larger value for walls with surcharge. Adequate drain- 
age should be provided. The usual method in design is to lay out the wall and 
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then investigate for stability. Many methods are used, the following example 
ulustrates a common method. 


Example. To design a concrete retaining wall with 16 ft. clear height to withstand the 
pressure of soil weighing 100 lb. per cu. ft. and having an angle of repose of 37°; surcharge 
angle = 15°. 

The wall weighs 150 lb. per cu. ft. Assuming frost likely, the total height will be 20 ft. 
Width of base is determined by the allowable bearing pressure at the toe, the softer the 
_ foundation, the wider the base. Assume b = 0.454 =9 ft. Take top width as 2 ft. 

1 ; Batter of faceis1:12. With these 
Cc data lay out wall as in Fig. 32. 
- Draw vertical line BC. Assume 
earth pressure to act on this line 


Swcit Tor aes} Yarns one-third up from B, as though 
\ line BC were the back of the wall. 

\ The weight of the triangle of earth 

\ BCD is combined with the earth 

Syd pressure. The resultant of these 


{ 

| two forces combined with the 

weight of the wall gives the final 
resultant. From Table 18, inter- 

| polating for ¢ = 37 and @ = 15, 

| the value of & is 0.276, hence earth 

| 

1 

| 

I 

i} 

| 


% 


(a 
A 
ae 
pe eS eee SS 


7 


pressure FH = kwh2/2 = 0.276 X 
100 X 202/2 = 5520 Ib. per linear 
ft. of wall. The weight of triangle 
BCD and the position of its center 
of gravity are found by scaling 
5520", from Fig. 32; area = 54.3 sq. ft., 
hence weight = 5430 Ib. per linear 
ft. The resultant of this force and 
the earth pressure = 8740lb. The 
weight of the wall at 150 lb. per 
cu. ft. = 16,500 lb. per linear ft. 
See Sec. 26, Art. 13, for center of 
gravity of wall. Final resultant is 
23,800 lb., cutting the base 1.2 ft. 
\ from the center; vertical compo- 


a 
—— eee = 


Batter} in 1.97 


gy ee er es GS 


re aoe. iiGerooe Fig, 34. 


nent P = 22,800. Maximum unit pressure = P(1 + 6¢/b)/b = 22,800 X 1.8/9 = 4560 
Yb. per sq. ft. Table 14 shows this to be a conservative value for moderately dry soil. The 
fact that the resultant falls within the middle third of the base assures absence of tension 
at the heel. The horizontal component of the resultant is 5500 lb, The coefficient of 
friction for concrete on dry clay and sand varies from 0.4 to 0.5, hence the factor of 
safety against sliding is 1.6 to 2.1 which is satisfactory. : 

- Some designers consider earth pressure to act horizontally instead of parallel! to the surface; 
this increases the overturning moment and hence is on the side of safety. Offsets for founda- 
tions are often specified. Fig. 33 shows a conventional type of wall with offset foundation, 


stepped back, and drainage system. 


Masonry dams are designed to meet the same conditions as retaining walls, 
and in addition the requirement that the foundation must be impermeable, 
Water pressure in lb, per ft. of run is P = wh?/2 = 31.25h?, where his the total 
head in feet. P acts one-third up from the base. The foundation should be 
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on rock and impervious; if water seeps under the dam or into any horizontal 
joint, it will exert hydrostatic pressure upward and reduce the effective weight 
of the masonry, hence cut-off walls are built at the heel and the foundation is 
drained. Some specifications provide for hydrostatic pressure by assuming full 
static head at the heel, diminishing uniformly to zero at the toe, the resultant 
upward pressure is then one-half the 
total static pressure and acts one-third 
the distance from heel to toe. For 
masonry dams under 30 ft. in height a 
Steer ns : trapezoidal section is economical. Top 
ie saayrte | width should be 4 to 5 ft., height such 

Trapezoidal dam Overflow dan as to be three or more feet above high 
water, back with slight batter, and base 
such that the resultant force falls within the middle third. (See Retaining 
walls.) Safe bearing pressure for rubble or concrete dam on rock foundation is 
10 to 12 tons per sq. ft. Typical small dam sections are shown in Fig. 35. 


Fic. 35:—Typical dam sections. 


STEEL CONSTRUCTION 


15. Strength of iron and steel 


Cast iron, wrought iron, and steel are alloys of iron and carbon which also 
contain manganese, silicon, sulphur, and phosphorus. The percentage of 
carbon has the determining influence on the relative properties of the mate- 
rials. 

Cast iron contains 2 to 4 per cent. CARBON and varying amounts of other 
elements. Its TENSILE STRENGTH varies from 18,000 to 20,000 Ib. per sq. in. 
and COMPRESSIVE STRENGTH averages 90,000. It has poorly defined mLastrc 
LIMIT and no YIELD POINT. MopvuLus oF ELASTIC!TY is 12,000,000 to 18,000,- 


000 lb. per sq. in. Resilience and work to rupture are low hence it has small 
RESISTANCE TO SHOCK. 


As a STRUCTURAL MATERIAL cast iron is unreliable, due to the possibility of hidden 
defects sucn as blow holes, cracks, and to internal stresses due to cooling; its use is often 
prohibited. It is used for a great variety of machine parts, pipe under low pressure, fittings, 
and short columns under steady load. 


Malleable cast iron is made by slow annealing of hard white-iron castings 
packed in iron oxide. This process de-carbonizes the iron and produces a 
malleable material with TENSILE sTRENGTH of 40,000 lb. per sq. in. and 
ELONGATION 8 to 10 times that of cast iron. 


Malleable iron is used for pipe fittings and small machine parts, but because de-car- 
bonization extends but a short distance below the surface its use is limited to small castings. 


Wrought iron is made without fusion; has carbon content 0.05-0.3 per cent.; 
is tough, ductile, malleable, easily welded but not readily fusible. It shows 
a fibrous structure on fracture. Its ULTIMATE STRENGTH in tension is 40,000 
to 50,000 Ib. per sq. in., shear 40,000; Mopu.us or siasticiry, 28,000,000. 


It is tougher and resists CORROSION better than soft steel but the latter has entirely 
superseded it for srRUCTURAL woRK due to its lower cost and greater strength. 


Steel is an iron-carbon alloy intermediate in composition between cast 
iron and wrought iron but has higher specific gravity and strength than either. 
It is made chiefly by three processes, the crucible, open-hearth, and Bessemer; 
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the quality and relative cost decrease in the order named. Strength is a func- 
tion chiefly of the carbon content, a rough rule is: S; = 45,000 + 108,000 C, 
in which S; is tensile strength of un-annealed acid open-hearth steel and Ci is the 
carbon content in per cent. A general classification according to carbon con- 
tent is as follows: 

Sort, 0.05-0.20 per cent. C, not temperable, easily welded; meprum, 
0.15-0. 40 per cent. C, poor temper, weldable; HARD, 0.30-0.70 per cent. C, 
good temper, not easily welded; very HARD, 0.60-1. 00 per cent. C., high tem- 
per, not weldable. 


Table 19. Average properties of steel 


Kandiptiateel Elastic Tensile Elongation, Betharks 
limit strength per cent 

Structural-steel rivets. . 30,000 55,000 30 Modulus of elasticity 
Structural, rolled shapes 35,000 60,000 27 for all grades, 
Machinery steel....... 40,000 75,000 20 30,000,000; shear- 
Axle steel..... oe eee 60,000 100,000 15 ing modulus, 10 to 
Spring steel........... 60,000 125,000 12 15 million 
Cable-wire steel. ...... 100,000 200,000 8 


Strength increases and elongation decreases with carbon content. Roughly 
the percentage of elongation = 1,500,000/%;. 

Nickel steel contains about 3.5 per cent. nickel; it is used to a small extent for structural 
purposes. Heat-treated nickel steel may have tensile strength in excess of 200,000.  Struc= 
tural nickel steel has an elastic limit 15 per cent. higher and ultimate strength 25 per cent. 
higher than ordinary structural steel. 


16. Steel structures 


Steel structures are fabricated of standard rolled-steel shapes. Properties 
of selected I-beams, channels, and angles, are given in Tables 21 to 24. Safe 
rules for design follow: 

Loads. For structures carrying MovineG LOADS add 25 per cent. to the 
stresses caused by said loads; for wind pressuR®E, allow 20 lb. per sq. ft. on 
the vertical projection of all surfaces exposed to wind; allow 25 lb. per sq. ft. 
for snow for slopes under 20°; for other slopes use one pound less for each 
degree of slope above 20°. 

Safe unit stresses for the sum of dead, live, impact, and wind stresses are 
as follows: 


Lb. per 

sq. in 
Tension, net SeChlOhinrncccer rit eres CUE ENE EEE Cees 16,000 
ID INOCEACOMMPLESSIOM ote pias ova ecy 6.6%: o.bos 2,0 6 or aga 4's, ole erat el sles ateyials 16,000 
Bending on extreme fibers of rolled shapes.............+4. 16,000 
Shear on pins and shop rivets....... ARs EME e ale t seks 12,000 
Shear on bolts and field rivets........e+e+e+055 : reretpes, Se, 10,000 
SHCA ORIOLE SCCULONSais cid cictelt «ais «tale atest sus lelals’'s\e, «3030.5 10,000 
Bearing pressure on shop rivets and pins.........++.6+04- 24,000 
Bearing pressure on field rivets and bolts..........4..+-4. 20,000 


Axial compression allowable on gross section of columns for ratio of 1/r up to 120 = 
19,000 — 100(J/r) Ib. per sd. in., where J = effective length of member and r is radius of 
gyration of section, both in inches. For values of 1/r in excess of 120 use the following 
quantities: 
AON (WBE = execnt <sSeRAL -% 130 140 150 160 170 180 190 
Quantitys evorheuiss adaelsiles 6500 6000 5500 5000 4500 4000 3500 
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Compression members in the main structure should have a length not in 
excess of 120 least radius of gyration; for secondary members this ratio 
should not exceed 200. ; 

Beams and girders should not have an unsupported length in excess of 
40 X width of compression flange. 

Riveting. Mininum distance between rivet holes should be 3 diameters. 
For built-up shapes the maximum pitch (spacing) in line of stress is 6 in. for 
7-in. rivets, 5 in. for 34-in., 41% in. for 5¢-in., and 4 in. for 14-in. rivets. 

Standard beam connections are given in Fig. 36 and STANDARD GAUGES 
FOR ANGLES in Table 20, Puares for connecting structural members and size 


2 angles 4'x4'x Yy'x 1-2 43" 2 angles. 4'x4"x 1" 0"-11 4% 


12 " 


10; 9/ 8” 7” 65” 
<5 Ye oll AL 7 
anaes ys feed tenet" 


2angles 4'x4"x ex 0'-11Y," 2 angles 4'x4'x Ye 0'-8.%" 2 angles 6'x4"x %'x 0'-5 YZ. 2 angles 64" %"x 0'-3" 
Fig. 36.—Standard beam connections. 


Table 20. Gages for angles, inches 


Leg 8171615] 4 [844 8 [214 2 [1 34/1 Wil 3414) 1134 
go £14) 4 324) 3 [244] 2 [L341 3a Me 1 | 4) 1K] 4 dee 
92 Bye PAAR INVA m | eo al ier reel tt Gerd ee: olla al aes ey! 
03 SSDI ais AS Ne. tomes ee emer sy = 
Maximum ia ; 
v1 | 741 | 741 HK | TKI 841 541 141 361 841 se lass ' 
MUVeh ase ee 1 8|4| A) A|A\ Al A Al A “| BIA HI, rg ke 


and number of rivets should be designed for shearing strength of rivets and 
bearing strength of plates and webs of members to be connected. See Art. 4. 
Properties of selected I-beams are given in Table 21. 


I is moment of inertia, 7 is radius of gyration, S is section modulus = (I/c); coefficient 
of strength is the product of the span in ft. and the safe uniformly-distributed load in lb. 
For concentrated load at center of span divide coefficient by two. Axis 1-1 is perpendicular 
to the web at the center, axis 2-2 is coincident with the web. 

Example. Select an I-beam with a span of 20 ft. to carry a uniformly-distributed load 
of 10,000 Ib. 

(a) By calculation, the moment, M = WL/8 = 10,000 X 20 X 12/8 = 300,000. 
Section modulus (S) = moment/stress = 300,000/16,000 = 18.75. From Table 23 a 
9-in. beam weighing 21 lb. per ft. is the lightest section that fulfills the requirements. 
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Table 21. Properties of selected standard I-beams (Carnegie) 


7 

PAN 2 Coeffi- 

Area F A f ir 4 cient of 

Weight| of |Width|!hick-} Axis 1-1 \7 Axis 2-2 strength 
Depth,| per sec- of pce for unit- 

inches | foot, | tion, |flange, of stress = 
pounds |square] inches web, | 16,000 lb. 
inches inches per square 

I r S Ti r s inch, 

In.4 In; | In. |) In.4 In In.3 | axis 1-1 
110 32.48] 7.938] 0.688/2883.5] 9.42/240.3) 81.0 | 1.58 |20.4 2,563,000 
24 100 29.41] 7.254) 0.754/2379 .6| 9.00/198.3) 48.6 | 1.28 113.4 2,114,000 
90 26.47) 7.131] 0.631/2238.4] 9.20]186.5| 45.7 | 1.31 12.8 1,989,000 
80 23.32] 7.000] 0.500/2087.2| 9.46]173.9] 42.9 | 1.36 |12.3 1,855,000 
95 27.94) 7.210) 0.810/1606.6] 7.58/160.7| 50.8 | 1.35 |14.1 | 1,714,000 
20 85 25.00} 7.063} 0.663/1508.5} 7.77|150.9} 47.3 | 1.37 |13.4 | 1,609,000 
vG5) 22.06) 6.399} 0.649/1268.8]) 7.58)126.9) 30.3 | 1.17 | 9.5 | 1,353,000 
65 19.08) 6.250} 0.500/1169.5) 7.83/117.0) 27.9 | 1.21 | 8.9 | 1,248,000 
85 25.00) 7.163] 0.725/1220.7} 6.99)135.6) 50.0 | 1.42 ]14.0 | 1,446,000 
18 75 22.05} 7.000) 0.562)1141.3] 7.19/126.8) 46.2 | 1.45 ]13.2 | 1,353,000 
65 19.12) 6.177} 0.637] 881.5) 6.79) 97.9] 23.5 | 1.11 | 7.6 | 1,045,000 
55 15.93] 6.000) 0.460} 795.6) 7.07} 88.4) 21.2 | 1.15 | 7.1 943,000 
70 -| 20.59) 6.194) 0.784) 663.7] 5.68] 88.5) 29.0 | 1.19 | 9.4 944,000 
15 60 17.67) 6.000) 0.590) 609.0) 5287) -81 2) 26.0.) 1,21.) 8.7 866,000 
50 14.71] 5.648) 0.558] 483.4] 5.73] 64.5) 16.0 | 1.04 | 5.7 687,000 
42 12.48} 5.500] 0.410) 441.8) 5.95) 58.9) 14.6 | 1.08 | 5.3 628,000 
50 14.71] 5.489] 0.699) 303.4) 4.54) 50.6) 16.1 | 1.05 | 5.9 539,000 
12 40 11.84] 5.250] 0.460} 269.0) 4.77) 44.8) 13.8 | 1.08 | 5.3 478,000 
* 35 10.29] 5.086} 0.486] 228.3] 4.71) 38.0) 10.1 | 0.99 | 4.0 406,000 
31.5 9.26] 5.000) 0.350) 215.8] 4.83] 36.0) 9.5 | 1.01 | 3.8 384,000 
40 11.76} 5.099] 0.749) 158.7) 3.67) 31.7). 9.5 | 0.90 | 3.7 339,000 
10 35 10.29] 4.952] 0.602] 146.4} 3.77) 29.3) 8.5 | 0.91 3.4 312,000 
30 8.82] 4.805] 0.455] 134.2] 3.90) 26.8) 7.7 | 0.93 | 3.2 286,000 
25 7.37) 4,660] 0.310] 122.1) 4.07) 24.4, 6.9 | 0.97 | 3.0 261,000 
35 10.29] 4.772) 0.732] 111.8 2901°24.8! Usd | 0..04. 13.2 265,000 
9 25 7.35| 4.446] 0.406} 91.9] 3.54) 20.4, 5.7 | 0.88 | 2.5 218,000 
21 6.31] 4.330] 0.290] 84.9] 3.67) 18 552 1 0.90.) 2.4 201,000 
Zo: 7050) .4.27 115.0 2041) 268.4) 3/02) 17.1) 84.8 4) O..80. 2). 2: 183,000 
8 20.5 6.03] 4.087] 0.357] 60.6) 3.17) 15.2) 4.1 | 0.82 | 2.0 162,000 
18 5.33] 4.000) 0.270) 56.9] 3.27) 14.2) 3.8 | 0.84] 1.9 152,000 
20 5.88] 3.868} 0.458] 42.2) 2.68} 12.1) 3.2 | 0.74 | 1.7 129,000 
7 LZ .5 SPS 3 76802353. 109.2), 2.70) 11.2) L259) 0.76.) 1.6 119,000 
US 4,42] 3.660] 0.250] 36.2) 2.86) 10.4) 2.7 | 0.78 | 1.5 110,000 
T7 O51) 5.07) 8.575) 0.475) 26e2| 2.27) “Si 12.4 1 -0.68 1.3 93,100 
6 14.75) 4.34) 3.452! 0.352) 24.0) 2.35) 8.0 LP OL69F (Pa. 85,000 
TOD sine 8 6L| Ss SsO OF 280ly Lote Bl 224Gpes 7.2 Sh UW O) On 72.4 ded 78,000 
Tae ol ae 34 3294 Or 540) lo.) 1.87 6.1) | L.7 | 0-63 | 120 65,000 
> On 75 287 3.000).0),.210)_ 12). 1) 2.05)2%4. 8) |.1.52' | 065.) 0.82 51,300 
TOLD 3.09} 2.880) 0.410 TM aOol. oO) O07, 10.70 38,400 
: To 2.21| 2.660] 0.190 6.0} 1.64 3.0) 0.77) 0.59 | 0.58 32,000 
B Loo 2 Deo Oe O. 2.9| 1.15) 1.9) 0.60) 0.52 | 0.48 20,700 
% Dad 1.63] 2.230} 0.170 Ole 23atnelea|) 602460) 0.53, ||, 0.40 17,600 
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Table 22. Properties of standard channels (Carnegie) 
: Coeffi- 
oy 4 cient of 
x aele strength 
enc aetadea, oe — to- | for fiber 
crs a xis 1— i ; " 
Depth |Weight| of |Width|? hick Axis back | ress of 
ness 16,000 
of per sec- of 2 2-2, z, for 
of $ pounds 
channel,| foot, | tion, |flange, bah tT; inch — mee 
i i ges inch ii 
inches |pounds epueye inches ino ine ai: ; square 
1G ue Ss gin foot- 
inches‘| inches |inches?® pounds 
i oan e 
55.0 | 16.18} 3.818} 0.818) 430.2} 5.16 | 57.4 | 0.87 | 0.82 | 8.53 | 612,000 
50.0 | 14.71!) 3.720| 0.720) 402.7} 5.23 | 53.7 | 0.87 | 0.80 | 8.72 | 573,000 
15 45.0 |'13.24| 3.622] 0.622) 375.1) 5.32 | 50.0 | 0.88 | 0.79 | 8.92 | 533,000 
40.0 | 11.76] 3.524) 0.524) 347.5) 5.43 | 46.3 | 0.89 | 0.78 | 9.16 | 494,000 
35.0 | 10.29} 3.426] 0.426] 319.9} 5.58 | 42.7 | 0.91 | 0.79 | 9.42 | 455,000 
33.0 9.90} 3.400] 0.400) 312.6) 5.62 | 41.7 | 0.91 | 0.79 | 9.51 | 445,000 
40.0 | 11.76} 3.418) 0.758} 196.9} 4.09 | 32.8 | 0.75 | 0.72 | 6.60 | 350,000 
85.0 | 10.29] 3.296) 0.636) 179.3] 4.17 | 29.9 | 0.76 | 0.69 | 6.83 | 319,000 
12 30.0 8.82) 3.173] 0.513) 161.7] 4.28-| 26.9 | 0.77 | 0.68 | 7.06 | 287,000 
25.0 7.35) 3.050} 0.390) 144.0] 4.43 | 24.0 | 0.79 | 0.68 | 7.35 | 256,000 
20.5 6.03] 2.940} 0.280) 128.1] 4.61 | 21.4 | 0.81 | 0.70 | 7.68 | 228,000 
35.0 | 10.29] 8.183) 0.823} 115.5) 3.35 | 23.1 | 0.67 | 0.70 | 5.18 | 246,000 
10 30.0 8.82] 3.036] 0.676) 103.2) 3.42 | 20.7 | 0.67 | 0.65 | 5.41 | 220,000 
25.0 7.35) 2.889] 0.529} 91.0) 3.52 | 18.2 | 0.68 | 0.62 | 5.66 | 194,000 
20.0 5.88} 2.742] 0.382} 78.7] 3.66 | 15.7 | 0.70 | 0.61 ' 5.96 | 168,000 
15.0 4,.46| 2.600) 0.240) 66.9) 3.87 | 13.4 | 0.72 | 0.64 | 6.33 | 143,000 
25.0 7.35] 2.815) 0.615} 70.7] 3.10 | 15.7 | 0.64 | 0.62 | 4.83 | 168,000 
9 20.0 5.88] 2.652} 0.452) 60.8} 3.21 | 13.5 | 0.65 | 0.59 | 5.14 | 144,000 
15.0 4.41| 2.488] 0.288) 50.9} 3.40 | 11.3 | 0.67 | 0.59 | 5.48 | 121,000 
13.25) 3.89) 2.430) 0.23 47.3| 3.49 | 10.5 | 0.67 | 0.61 | 5.62 | 112,000 
21.25) 6.25)-2.622| 0.582) 47.8) 2.77 | 11.9'| 0.60 | 0.59 | 4.22 | 127,000 
8 18.75} 5.51; 2.530) 0.490] 43.8) 2.82 | 11.0 | 0.60 | 0.57 | 4.37 | 117,000 
16.25] 4.78} 2.439] 0.399] 39.9} 2.89 | 10.0 | 0.61 | 0.56 | 4.53 | 106,000 
3.75) 4.04] 2.347} 0.307) 36.0] 2.98 9.0419 0:6271O..56 ||.4. 72 96,000 
PP.25; 3.35) 2.260! 0.220) 32-3) 3/11 Selo) Cv6S! O58 |, 4592 86,000 
19.75} 5.81) 2.513) 0.633) 33.2) 2.39 9.5 | 0.56 | 0.58 | 3.49 | 101,000 
17.25) ~5.07)| 2.408) 0.528) 30.2] 2.44 8.67 .0.. 57 10256 1. 3.65 92,000 
76 14.75) (4.341 2 303)"0 4230 27. 21°2)-50 COLON OC TOO 4am oe oe 83,000 
12.25) »3.60) 2.198) (vss) 24-21 2 759 6.9 | 0.58 | 0.53 | 4.00 74,000 
9.75) | 2-85! 2/090!) (OL220} 211) 2-72 6.0/1 0.759 "0.55 If 4.21 64,000 
15.5 4.56) 2.283) 0.563} 19.5) 2.07 6.591 0.53 | O55 In 2. 90 69,000 
6 13.0 3.82) 2.160) 0.440) 17.3) 2.13 5.8 | 0.53 | 0.52 | 3.08 62,000 
10.5 3.09] 2.038) 0.318) 15.1) 2.21 5.0 | 0.53 | 0.50 | 3.29 54,000 
8.0 2.38) 1.920} 0.200) 13.0) 2.34 4.3 | 0.54 | 0.52 | 3.51 46,000 
Vie 3.38] 2.037) 0.477) 10.4) 1.75 4.2 | 0.49 | 0.51 | 2.35 44,000 
5 9.0 2.65 .890| 0.330 8.9] 1.83 3.6 | 0.49 | 0.48 | 2.57 38,000 
6.5 1.95) 1.750] 0.190 7.4) 1.95 3.0 | 0.50 | 0.49.| 2.79 32,000 
Ca2o| ee to) He aoUmoco 4.6) 1.46 2.3 | 0.46 | 0.46 | 1.88 24,000 
4 6.25) 1.84) 1.652) 0.252 4.2| 1.51 2.1 | 0.45 | 0.46 | 1.96 22,000 
5.25] 1.55] 1.580] 0.180 3.8) 1.56 1.9 | 0.45 | 0.46 | 2.08 20,000 
6.0 1.76] 1.602] 0.362 2.1] 1.08 1.4 | 0.42 | 0.46 | 1.10 15,000 
3 5.0 1 47) 1.504} 0.264 Olea, 1.2 | 0.42 | 0.44 | 1.17 13,000 
4.0 1.19) 1.410! 0.170 EGA A7, 1.1 | 0.42 | 0.44 | 1.29 12,000 
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(b) By use of coefficient of strength, multiply the load by the span in ft., 10,000 X 20 = 
200,000, then select a 9-in. @ 21-lb. I-beam, coefficient of strength = 201,000. 

Properties of channels are given in Table 22. The symbols are the same as 
Table 21 except that « is the distance from the neutral axis to the back face 
of the web. Two channels back to back and connected with lattice bars is a 
common type of column. The distance back-to-back of channels should equal 
or exceed the tabular to develop the full strength of the column. 

Example. Find the safe load for a column built of two 12-in. @ 25-lb:; channels spaced 
744 in. back-to-back and properly latticed, if the unsupported length is 36 ft. 


Since the distance back-to-back exceeds the value in Table 22, the least radius of 
zyration is about the axis 1-1 and is 4.43. Load P = A(19,000 — 100(l/r)) = 14.70 X 


100 X 36 X =) 
(19,000 = 4.43 = 136,000 lb. 


Properties of angles. Tables 23 and 24 give the properties of selected 
standard angles and radii of gyration for two angles separated by varying thick- 


Table 23. Properties of equal-leg angles 


[- 


Single angle Radii of gyration, inches 
Two 
angles, Axis 2—2 
Weight, hae 
Size, inches pounds can ds Axis 1-1 : 
per foot In VY in, 3% in. VY in. 
contact apart apart apart 
SxS x1 56.9 33.46 2.42 3.42 Oeow tats 3.60 
Vy 26.4 15.50 2.50 3.33 3.41 45 3.50 
meee <1 37.4 22.00 1.80 2.59 2.68 2.72 2.77 
3% 14.9 8.72 1.88 2.49 2.58 2.62 2.66 
5° GSR | 30.6 18.00 1.48 2.19 2.28 2238 2.38 
3% 1253: Vg 22 1.56 2.09 Pyare 220 2.26 
| K4 X13%46 19.9 11.68 1.18 1.75 1.85 1.89 1.94 
WA 6.6 3.88 1.25 1.66 1.75 1.79 1.84 
14x 34%X 1H6 1 Wee! 10.06 1.02 1.55 1.65 1.70 1.75 
Yy 5.8 3.38 1.09 1.46 1.55 1.59 1.64 
1 eer 4074 11.5 6.72 0.88 1,32 1.41 1.46 151! 
4 4.9 2.88 0.93 1.25 1.34 1.38 Soe 
yx 214™x 1 ach 4.50 0.74 1.09 1,19 1.24 122 
“on ts 4.1 2.38 0.77 1.05 1.14 1.19 1.24 
Y x2 XKeo 5.3 Sial2 0.59 0.88 0.98 1.03 1.08 
\y 3.19 1.88 0.61 0.85 0.94 0.99 1.04 


1esses of connecting plates. This latter arrangement is the usual form of member 
or roof trusses and light bridges; angles with unequal legs give more econom- 
cal arrangement because the radii of gyration about axes 1-1 and 2-2 are more 
iearly equal. 

Example. Design the compression chord of a roof truss for a maximum load of 35,000 lb. 
nd unsupported length of 10 ft. 

Bee as the first approximation that l/r = 100, hence P/A = 9000 and an area of 
3.9 sq. in. isrequired. Try two angles 4 X 3 X 54 in. with 3%-in. connecting plates. The 
east radius of gyration is 1.27 and areais4.18. P = 4,18 X (19,000 — 100 X 12%27) = 
9,800 lb., which is satisfactory. Two 4 X 4 X 14-in. angles also meet the requirements 
ind are somewhat lighter. If this member is subjected to bending stresses by the purlins, 
t should be designed by the formula of Art. 7 for combined compression and bending. 
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Table 24. Properties-of unequal-leg angles 


\2 \é 
a | Hh 
\2 lo 
Single angle Radii of gyration, inches 
Two 
angles, 7 
z area, Axis 2-2 
Weight, & 
< A juare 4 
Size, inches pounds neh Axis 1-1 
per foot In 14 in. 34 in. 4g in 
contact apart apart apart 
6 x4 x% 12.3 7.22 1.93 1.50 1.58 1.62 1.67 
5% 20.0 1172 1.90 1.53 1.62 1.67 ez 
K% 27.2 15.98 1.86 1.58 1.67 iat 1.76 
5 X3hx &% 10.4 6.10 1.60 1.34 1.42 1.46 1.51 
54 16.8 9.86 1.56 i377 1.46 1.51 1.56 
% 22.7 13.36 1.53 1.42 1.51 1.56 1.61 
5 X3 Xe S2 4.82 1.61 1.09 Ae ez, 122 1.26 
%e 14.3 8.38 1.58 1.13 11.22 1.26 LySt 
1346 19.9 11.68 1.55 1-27: eee too ies} 
4 X3 Xe 7.2 4.18 1.27 t17 1.25 1.30 1.34 
%e 12.4 7.26 1.24 leepeal 1.30 1.34 1.39 
1346 5 | 10.06 1211 1.25 1.35 1.40 1.45 
38Y4XK214xK YY 4.9 2.88 P12 0.96 1.04 1.09 iheanle 
% 9.4 5.50 1.09 1.00 1.09 1.14 1.19 
146 1255 7.32 1.06 1.03 #13 £18 128 
3 X24Ky 4.5 2.64 0.95 1.00 1.09 113 1.18 
% 6.6 3.86 0.93 1.02 Blgeilal 1.16 1.21 
%6 9.5 5.56 0.91 1.05 1.15 1.20 1.25 
24x22 Xe 2.8 1.62 0.79 0.79 0.88 0.92 0.97 
34 5.3 3.10 0.77 0.82 0.91 0.96 1.01 
M% 6.8 4.00 0.75 0.84 0.94 0.99 1.04 


Fic, 41.—Warren truss, 
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Trusses. See Sec. 26, Art. 10, for methods of solution. Figs. 37-41 show 
common types of bridge trusses with the stresses expressed in terms of panel 
load P, panel length p, depth of truss h, and length of diagonal l. 


Table 24a. United States standard gage for sheet steel 


Thickness in | Weight per Thickness in| Weight per 
Wee decimals of | square foot Be decimals of | square foot 
an inch in pounds an inch in pounds 
0000000 0.5 20.40 17 0.05625 2.30 
000000 0.46875 19.13 18 0.05 2.04 
00000 0.4875 17.85 19 0.04375 1.79 
0000 0.40625 16.58 20 0.0375 eos 
000 0.375 15.30 21 0.034375 1.40 
00 0.34375 14.03 22 0.03125 1.28 
0 0.3125 12.75 23 0.028125 Aes 
iP 0.28125 11.48 24 0.025 1.02 
2 0.265625 10.84 25 0.021875 0.893 
3 O25 10.20 26 0.01875 0.765 
4 0.234375 9.56 27 0.0171875 0.701 
5 | 0.21875 8.93 28 0.015625 0.638 
6 0.203125 8.29 | 29 0.0140625 0.574 
i 0.1875 7.65 30 0.0125 0.510 
8 0.171875 7.01 31 0.0109375 0.446 
9 0.15625 6.38 32 0.01015625 0.414 
10 0.140625 5.74.5" | 33 0.009375 0.383 
11 0.125 5.10 34 0.00859375 0.351 
12 0.109375 4.46 35 0.0078125 0.319 
13 0.09375 3.83 36 0.00703125 0.287 
14 0.078125 Srl 9NT 37 0.006640625, 0.271 
15 0.0703125 2.87 38 0.00625 0.255 
16 0.0625 2455 
HYDRAULICS 


17. Physical properties of water 


Weight of water is usually taken as 62.5 lb. per cu. ft., or 8.355 Ib. per U. S. gal. Accu- 
ate weights for pure water are given in Table 1. Sea water weighs 64 lb. per cu. ft., Great 
salt Lake water, 69 to 76; sewage, 62.4 to 62.7; ice, 57.2 to 57.5 lb. per cu. ft. 


Compressibility varies with temperature and pressure. The average value 
ff the BULK MODULUS OF ELASTICITY for low temperature and pressures less 
han 1000 Ib. per sq. in. is 294,000 Ib. per sq. in. This value increases with 
oth temperature and pressure. A pressure of 1000 Ib. per sq. in. decreases 
he volume only 0.33 per cent., hence water may be considered incompressible. 


18. Atmospheric pressure 


MEAN ATMOSPHERIC PRESSURE at sea level is 14.7 lb. per sq. in.; it causes mercury to 
ise in an exhausted tube to a height of 30 in.; the corresponding height of a water column 
334{t. Water boils at this pressure at 212° F.; as altitude increases, atmospheric pressure 
nd the boiling point of water decrease. Ifthe air at the top of a barometer tube is only 
artially exhausted, the height of the mercury column measures the difference in pressure 
nside and outside. PRESSURES BELOW ATMOSPHERE are often measured in inches of 
nercury, each inch corresponding to negative or suction pressure of 0.491 lb. per sq. in. 
\tmospheric pressure has marked effect on the flow of water but where it acts on all parts 
f a system its effect is neutralized: Pressures below atmosphere are treated as negative 
ressures and corresponding heads as negative heads. 
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Table 25. Weight of distilled water 


Tempera- Pounds Tempera- Pounds 
ature, per ture, per 
degrees F. | cubic foot || degrees F. | cubic foot 

32 62.42 130 61.55 

39.3 (max.)| 62.424 140 61.39 
50 62.41 150 61.20 

60 62.37 160 61.01 

70 62.30 170 60.80 

80 62.22 180 60.59 

90 62.12 190 60.36 

100 , 62.00 200 60.14 
110 61.86 210 59.89 
120 61.72 212 59 . 84 

| 


19. Transmission of pressure 


Pascal’s law. A perfect liquid is unable to withstand tangential stress, 
hence pressure at any point in a liquid acts with equal intensity in every direc- 
tion. If water in a closed vessel be subjected to unit pressure p, this pressure 
is transmitted with undiminished intensity throughout the liquid; the total 
pressure on any area A will be pA and its direction will be normal to that area. 
This principle is applied in the hydraulic press, jack, accumulator, aud in heavy 
hydraulic machinery such as punching and riveting machines. 

Hydraulic press consists of two cylinders of different diameters, fitted with pistons, and 
connected by a pipe. If a force P is applied to the small piston it produces pressure on the 
water which is transmitted to the large piston and enables it to support a load W such that 
P/W = d?/D2. This equation is modified by friction of the packing and, if the pistons are 
not at same elevation, by pressure caused by the difference in head. D/d may be made 


any desired value, hence it is possible to obtain forces limited only by the ability of the 
machines to withstand the strain. 


20. Pressure due to weight 


Unit pressure on a horizontal layer at distance h below the surface in a body 
of still water is p = wh where w = weight of a cubic unit of water and h = 
depth below the surface, called HEAD. Pressure per sq. ft. is p = 62.5h 
and per sq. in. is p = 0.434h; pressures are frequently expressed also in feet of 
head. INTENSITY OF PRESSURE depends only on the density of the liquid and 
the head; it is independent of the size and shape of the containing vessel and 
the amount of liquid present. 


21. Total pressure and center of pressure 


Total normal pressure on any submerged area is py = wAho. In common 
units, w = 62.5, A = total area in sq. ft., and ho = the vertical distance from 
the surface to the center of gravity of the area in ft. 

In the case of a verTICAL DAM of height = h, the area per lin. ft. ish and ho = h/2, henec 
Py = wh2/2. 

Pressure ina given direction is Py) = Py cos 6 = wA ho, where @ is the angle 
between the given direction and the normal and A; is the projection of the 
submerged surface on a plane normal to the given direction. 

Examples. Horizontal pressure on a pam is Py = wh?/2 whether the up-stream fac 


is vertical or inclined. The driving pressure of a PUMP PLUNGER is the same whether th 
latter is plane or spherical. 


Art. 22. LOSS OF WEIGHT IN WATER 1599 


Center of pressure of a submerged surface is the point of application of the 
resultant pressure. 


For a RECTANGLE with the top in the liquid surface, the depth of the center of pressure is 
%h. For submerged rectangles the total pressures and centers of pressure may be found by 
constructing pressure diagrams 
(Fig. 42). The area of the dia- 
gram represents total pressure 
and the c.g. of the diagram is 
opposite the center of pressure. 
A general rule for location of the 
center of pressure is: y» = I/S, 
where J is moment of inertia of 
the area (see Sec. 26, Art. 14), S is 
the moment of the area (= area X 
distance of c.g. from the axis), and 
y) is the arm of the center of 
pressure, all with respect to an 
axis which is the intersection of 
the plane of the submerged sur- 
face with the water level. A 
more convenient form is yy = 
yo + ko2/yo, where yo is the dis- 
tance from the axis to the c.g. 
oy ko is the radius of gyration al Py = Pee wm/2 
of the submerged area about its OS lp 
e.g. The distance ko2/yp becomes 9. Pn = w(he? — hy?) /2 = wl(l + 2hy) /2 


negligible when the head exceeds 2 (he — =) 1 fi+ = 
three or four times the vertical hp = BUN ene a 2H Lt 2h 
dimensions of the submerged sur- 


aN c. Py = wh?/2 cos 0. Pp = wh?/2. Py = (wh? tan 6) /2 


Example 1. A square gate, d. Py = wl(l + 2h;)/2 cos 0 
2X 2 ft., inclined 60° from the Pp = wil(l + 2hy)/2 = Pp, tan 0 


horizontal, with its c.g. 5 ft. below PETC SSC 4 obs) 
the surface, covers a rectangular 
opening (Fig. 43). The gate is Fre. 42. 


hinged at the upper edge and it 
is required to find the moment about the hinge necessary to open the gate. 

Pn = wAh = 62.5 4X 5 = 1250 lb. yo = 5 sec 60° = 5.77 ft. yp = 5.77 + 
0,333/5.77 = 5.828 ft. Moment about hinge = 1250 X 1.05 = 1320 lb.-ft. 

Example 2. A vertical wall has 15 ft. 
of water on one side and 6 ft. on the other. 
Find the overturning moment on the wall 
per lin. ft. 

Pi t=" 62.°5 xX 152/2 = 7040 Ib Py = 
62.5 SC "62/2"= 1125 “ib! M = 7040 X 
15/3 — 1125 & 6/3 = 32,950 lb.-ft. 


22. Loss of weight in water. 
Flotation 


Archimedes’ principle. A sub- 
merged body loses an amount of 
weight equal to that of a volume of 
water which is the same as the vol- 
ume of the submerged body. A 
body weighing W lb. in air will 
weigh submerged W(1 — 62.5/d) 
Fie. 43. where d is density of the body in 
Ib. per cu. ft. 


If water percolates under a rectangular masonry dam in such a way that full 


Example. ee 
iydrostatic pressure is developed, the upward pressure of water decreases the stability 


wainst overturning as though the unit weight of the masonry were decreased 62.5 Ib. per 
vu. ft. Such percolation should be prevented by cut-off walls and drains. 


1600 HYDRAULICS Sec. 27. 


Depth of flotation. A floating body displaces a volume of water that has 
weight equal to that of the body. To find the depth of flotation y, equate the 
weight of the body to 62.5 X volume of water expressed in terms of y. 


Example. A loaded ship having vertical sides has a waterline enclosing 10,000 sa. ft. 
What is the change of draft (fresh water) when 500 tons of coal have been burned? Solution, 
500 X 2000 = y X 10,000 X 62.5. y = 1.6 ft 


Stability of flotation. The resultant upward pressure on a floating body 
acts through the c.g. of the displaced water. This point is called the CENTER 
or Buoyancy. If this resultant also acts through the c.g. of the body 
the latter is in equilibrium. Otherwise the body will roll 
under the action of an unbalanced couple. 

Consider a symmetrical floating body to be displaced from its 
position of equilibrium through angle @ (Fig. 44). The resultant 
water pressure through the center of bouyancy B will intersect the 
axis of symmetry at M, THE METACENTER. The equilibrium of the 


body is stable, neutral, or unstable according as M is above, coinci- 
dent with, or below the c.g. of the body. 


23. Pressure on gates and tanks 


Resultant pressure on a submerged gate is due to the difference of head h 
on the two sides and is of uniform intensity over the whole of the submerged 
surface. Pressure P = wAh; the intensity is constant and the center of 
pressure and c.g. coincide. 


Unit tensile stress in a pipe or circular tank is given by the formula for 
HOOP TENSION, Pd = 2St, where P is internal pressure in lb. per sq. in., d is 
diameter in inches, ¢ is thickness of shell, and S is the unit stress in lb. per sq. in. 
The lower limit of applicability is d = 380t, the expression applies to pipes, steel 
tanks, steel bands for wood stave pipe and steel for reinforced concrete tanks, 
For thick cylinders see Art. 5. 


Example. A standpipe 60 ft. high and 30 ft. diameter is to be built of riveted steel 
plates, the efficiency of the joints being 70 per cent. and allowable stress 10,000 lb. per sq. in. 

Divide the pipe into any number of sections (say five) and design each section for the in- 
ternal pressure at its lower edge. For the lowest section, P = 0.434 X 60 = 26.04; therefore 
26.04 X 360 = 2 X 10,000 X t X 0.70, and t = 0.67 in. or %-in. plates. The other 
sections would be made of 4-, 3%-, and 14-in. plates respectively. The same principle of 
division applies to spacing steel bands on wood-stave tanks and reinforcing bars in concrete 
tanks. 


24. General laws of flow 


Torricelli’s theorem. The velocity of flow of a jet discharging under a head 
of h ft. is the same as the velocity acquired by a body falling freely through the 


height h. Thusv = WV 2gh = velocity in ft. per sec. 

Bernouilli’s theorem. For steady frictionless flow the sum of the pressure 
head and the velocity head equals the hydrostatic head that obtains when 
there is no flow. For actual conditions involving friction, the sum of the 
pressure head, velocity head, and elevation head above some assumed datum 
plane at some station 1 equals the sum of the corresponding heads at any other 
station 2, plus or minus FRICTION HEAD hy; plus if 2 is downstream and minus 
if upstream. 


If h = z/w = pressure head, and z = elevation head above the assumed datum plane, 
hy + 21 + v12/29 =p + 2 + 292/29 + hy. Multiplying both sides of this equation by the 
weight of fluid passing per unit of time, the expression states that the total energy per unit 
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of time available at 1 equals the total energy at 2 plus the energy lost between 1 and 2. 
Bernouilli’s theorem is a form of statement of the law of the conservation of energy and is the 
yasis of most hydraulic formulas. 


25. Flow from orifices and mouthpieces 


Coefficients. The discharge from a standard orifice (Fig. 45) contracts, 
it. a distance d/2 from the plane of the orifice, to an area 
shat is 62 per cent. of that orifice. Pressure head does not 
yecome zero and velocity does not attain its value v = 


Vv 2gh until this contracted section is reached. Head 
should be measured to the center of pressure but if h is 3 
yr 4 times d the error involved by reading h to the center 
f the orifice is small. The ratio of the contracted area 
© the area of the orifice is C’ = the COEFFICIENT OF CON- 
RACTION. Actual velocity is slightly less than theoretical 


ind is given by » = Gani 2gh where C, is COEFFICIENT OF 
meLocity. Discharge in cu. ft. per sec. is the prod- py. 45.—Standard 
ict, of velocity and area of the contracted jet and is orifice, 


g = C'C\AV 2gh = CAV 2gh, 


vhere C is the COEFFICIENT OF DISCHARGE and A is the area of the orifice in 
q. ft. 


Standard orifice gives an accurate means of measuring the flow of water. The center of 
he orifice should be at least 3d from the sides and bottom of the tank; the edges should be 
harp in order that full contraction may be developed. For SMALL ORIFICES, 1 in. or less 
n diameter, C may be taken as 0.61 for circular and 0.62 for square orifices. For LARGER 
RIFICES and HIGH HEADS the average value of C = 0.597 for circular orifices and 0.604 for 
quare orifices may be used. A precision involving an error of less than 3 per cent. may be 
xpected. If greater accuracy is desired, the orifice should be calibrated or reference had 
o a table of coefficients in any standard work on Hydraulics. An error less than 1 per cent. 
nay be obtained by calibration. 


Large orifices under low heads. Variation of pressure in the place of the ori- 
ce is so great that the preceding discharge formula does not hold. To cal- 
ulate discharge it is necessary to divide the orifice into elementary horizontal 
trips ~ dy under head y and integrate the discharges through these strips. 

For a rectangular orifice of breadth b: ¢ = 24C V2 -b(h2% — hi?) where hi 
nd fiz are the heads on the top and bottom of the orifice respectively. This 
xpression should be used if the head on the center of gravity of the orifice 
he.g.) is less than three times the depth of the orifice. 

Submerged orifices. Flow is due to the difference in level on the two sides 
f the orifice and does not depend on the depth of submergence; it is slightly 
ss than for discharge into the atmosphere, the average difference being about 

per cent. For large orifices the difference is negligible; for orifices 1 in. in 
iameter or less it may be 2 per cent. The value of C = 0.60 is in general use. 

Velocity of approach. If water in a channel approaching an orifice has 
elocity vq, the head on the orifice is increased by the velocity head hy = 
a/2g and the EFFECTIVE HEAD is H = h + v°g/2g. Then g = CAV 2gH. 
‘the approaching channel and the orifice have areas a and A respectively. 


2gh 2gh 
y= C, . AN ee = A SS 
Yio 


a 
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For & RECTANGULAR ORIFICE under low heads, 


gq = 4OWV 2g - b[(he + ho)? — (hi + ho). 


Suppression of contraction is effected by an internal projection at the perimeter of the 
orifice. Suppression increases discharge. For a square orifice with one side suppressed 
the increase is about 3.5 per cent.; two sides, 7.5 per cent. For rectangles with the lower 
edge suppressed the increase is 6 to 7 per cent., if b = 4d, and 8 to 12 per cent., if b = 20d. 
Avoid suppressed orifices for accurate work. 

Discharge under a falling head. If Y is area enclosed by the waterline when the head 
on an orifice is y, the time for the head to fall from H toh is 


. 
where Y is, in general, some function of y. If the cross-section is constant and equal to a, 


the time to empty a vessel is t = 2aVv H/CAYV 29, which is twice that required to discharge 
a similar amount under a constant head H. 

The miner’s inch is a unit of flow used in mining and irrigating work; it is rapidly becom- 
ing obsolete. It is defined as the discharge from an orifice one inch square under a head on 
its center of 6.5 in. The value of this unit and its definition vary in different states. The 
legal equivalent in California is 40 miner’s inches = 1 cu. ft. per sec., in Colorado 38.4, 
while in Arizona, Idaho, Nevada and Utah, the value is 50, by common agreement. 


Flow under pressure. When water in a closed vessel is under unit pressure 
p in addition to its own weight, the velocity and discharge from an orifice are 
found by computing the equivalent head in feet, H = h + p/w. If discharge 
takes place into a vessel in which the unit pressure is po, the equivalent head is 
H=h-+ p/w = po/w. 

Example. A 1-in. circular orifice under a head of 10 ft. and an additional pressure of 


10 Ib. per sq. in. discharges into a 26-in. vacuum and it is desired to find the discharge. 
The 26-in. vacuum is equivalent to a negative head of 26 X 34/30 = 29.5 ft. which 


increases the effective head, hence H = 10 + 10 X 2.304 + 29.5 = 62.5ft. ¢@= CAV 2gH 
= 0.61 X 0.00546V/ 64.4 X 62.5 = 0.212 cu. ft. per sec. 


26. Tubes, nozzles, and jets 


Short tubes whose lengths are 2 to 3 diameters may be treated in the same 
manner as orifices. LONG TUBES are classified as pipes. The addition of a 
short tube to an orifice decreases velocity but tncrEAsss discharge, although 
riction losses are also increased. This is due to the fact that the jet after 
passing the contracted section re-expands to fill the whole cross-section of the 
tube. Velocity at the contracted section is greater than that at the discharge 
end of the tube, pressure is correspondingly less (Bernouilli’s theorem), and 
hence below atmospheric, if discharge is into the atmosphere. This negative 
pressure increases the effective head and discharge is increased. Fig. 46 shows 
common types of tubes and end connections. 


Fic. 46.—Short tubes and mouthpieces. 


(a) is the STANDARD SHORT TUBE for which C’ = 1.0, Cy = C = 0.82, provided that th 
jet re-expands to fill the tube. For high heads the discharge will jump clear of tube anc 
the device becomes a standard orifice with C = 0.61. When the jet re-expands to fill th 
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bube its appearance becomes turbulent or broomy. (6) is a ROUNDED ORIFICE which has a 
soefficient of discharge varying from 0.61 to 0.99 depending upon the curvature, Even a 
slight dulling of the edge of a standard orifice increases the discharge several per cent. 
while if the curvature of the orifice conforms to the direction of the stream lines, the con- 
action is entirely suppressed and C; = C = 0.96-0.99. This is an ideal end connection 
fo avoid energy losses. (c) is an inward-projecting tube for which Cj = C = 0.72. Itisa 
common type of end connection for a pipe line when no attempt is made to avoid entrance 
losses. (d) is Borpa’s ruse for which C = 0.5-0.53. (e) is a conical converging tube, 
the discharge from which varies with the value of the angle 0; the maximum value of C is 
).94 which oceurs when @ = 13.5°. (f) is a VENTURI OR COMPOUND TUBE composed of 2 
rounded orifice and an expanding tube with angle of about 10°. Pressure at section AB 
3 less than atmospheric and may be as low as — 24 ft.: the equivalent head is h + 24 
which gives theoretical values of C = 8 or 9 for section AB. Experiments by Francis 
show C actually to be as high as 2.43. The coefficient for the discharge end is always less 
than unity. 


Loss of head for any pipe, or orifice discharging freely with velocity v under 


total head h is hy = h — v?/2g. Loss of head for an orifice or tube whose 
coefficient of velocity is C, is 


hy = (1 — Ci)h = (1/C 2 — 1)0?/2g. 

Example. For a standard orifice, hy = 0.04h = 0.04102/29g = 0.11092/2g where 2 is 
the velocity in the plane of the orifice. or a standard short tube (Fig. 46, a) hy = 0.33h = 
0.492/29. For an inward-projecting tube (Fig. 46, c) hp = 0.48h = 0.93v2/2g. 

Nozzles. Types of nozzle tips are shown in Fig. 47. The smoors NozzLE 
is most common. If properly designed there should be no contraction and 
C=C = 0.97 — 0.99. The Ring, TIP 
was designed from the mistaken notion 
that the ring would increase velocity. 
The coefficient of velocity is the same SS 
1s for the smooth type while the coeffi- Smooth Square Undereut Needle nozzle 
sient of discharge depends on the relative HE a 
reas of opening and ring. For a SQUARE 
RING an average value is C = 0.74 while 
uN UNDERCUT RING has a value somewhat less. The NEBDLE NOZZLE 1s 
lesigned to regulate flow by moving the needle in and out and has an efficiency 
»f 95 to 98 per cent.; the coefficient of discharge varies from 0.82 to 0.95 being 
east when the nozzle is nearly closed. Expressions for the velocity and dis- 
sharge through a nozzle are the same as those for an orifice with velocity of 
ypproach, Art. 25. 


Via. 47.—Types of nozzles. 


Discharge in gallons per minute from a nozzle D in. diameter, attached to a pipe d in. 
liameter, with the pressure at the base of the tip = p lb. per sq. in. is 


Se ee en eee 
hie 20.8804] ars — (D/ay* 


A standard fire stream is one flowing 250 gal. per min. through a 1%-in. smooth nozzle 
with a pressure at the base of the tip of 45 lb. per sq. in. The hydrant pressure required 
.o throw this stream through 50 ft. of the best rubber-lined hose is 56 lb. per sq. in.; for 
00 ft., 77 lb. per sq. in. The pressure drop per 100 ft. of best-quality hose is about 14 lb. 
yer sq. in.; for poor-quality hose it may be double this figure. The best hydrant pressure 
or fire service is 80 to 100 lb. per sq. in. 

Power of a jet discharging W lb. per sec. is Wv?/2g = wAv3 /2g ft.-Ib. per 
ec., where w = weight of a cu. ft. of fluid, A = cross section of the jet in sq. 
t., and v = velocity in ft. per sec. HorsEpowER = wAv?/1100g. Power 
f a jet discharging from an orifice or nozzle (coefficient of discharge = C and 


efficient of velocity = C1) is P = COwAV 2g h?8 ft.-lb. per sec. The effi- 
iency of such a jet is H = Cy’. 


\ 


1604 HYDRAULICS Sec. 27. 


Example. The respective powers of a standard orifice and standard short tube are 
0.58wAV 29 no and 0.55wAV/ 29 n?. Corresponding efficiencies are 96 per cent. and 
67 per cent. respectively. 

Impulse of a jet in a given direction in pounds is W/g X change of velocity 
in that direction, in which W = lb. of water deflected per sec. If the jet 
impinges on a flat plate (Fig. 48, a), the impulse is Wv/g lb.; if direction is 
reversed without loss in friction, the impulse is 2Wv/g; while for a curved vane, 


e ante He 
(Fig. 48, c) the impulse in the original direction of jet is aati — cos 6). 


If a jet discharging W Ib. per sec. (strikes a flat plate moving in the direction of 

yf” the jet with velocity u, the water 

ty - that strikes the plate per sec. is 

Ge Fy . Ww —u)/v and the impulse in di- 

te eae Legs ‘rection of motion is W(v — u)2/vq. 

5 ov — If the jet strikes a series of flat 

a . vanes so that all the water dis- 

@ iv (6) (c) charged strikes some vane, the im- 
ils pulse is WW — w)/g. 

ew Reaction of a jet issuing from the 

side of a vessel is R = Wv/g = wAv?/g = 2wAh, in which w = weight per 

cu. ft. of the fluid, A = cross section of the jet in sq. ft. and h = head on 

orifice in ft. The reaction is equal to the impulse of the jet on a flat plate 

and is twice the hydrostatic head. If the jet issues from a standard orifice 

with coefficient of velocity 0.98 and coefficient of contraction = 0.62, the 

reaction of the jet on the containing vessel is R = 1,22wAh, 


27. Weirs 


A WEIR is a dam or obstruction placed in an open channel, over which water 
is caused to flow, or a notch in the side of a vessel through which water flows. 
If the top or crest of the weir is a thin plate with a sharp edge, flow is analogous 
vv that through a rectangular orifice with head on the upper edge = zero. If 
the weir is a rectangular 
notch with ends 3H or 
more from the walls of the 
approaching channel, full 
contraction of the stream 
is developed and the de- 
vice is known as a CON- 
oe poeiele Contracted weir. Suppressed weir. 
the same as that of the UP 
approaching channel, so that no contraction takes place at the ends, the 
weir is called a SUPPRESSED WEIR (Fig. 49, 6). 

Discharge from a weir. The theoretical discharge is Q = 242g LH, and 
the actual, Q = wOorV/ 2g LH in which H is the height above the crest of the 
weir to the level of still water, L is the length of crest over which water is flow- 
ing, and C’ is a constant which varies slightly with the type of weir and head 
but has an approximate value of 0.62. 

Velocity of approach. It is not always possible to measure the head H 
to the level of still water on account of velocity in the approaching channel. 
Mean velocity of approach vq is found by dividing the discharge by the cross-sec- 
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tion of the approach channel and the corresponding velocity head hy = 0q2/2g. 
The observed head H must be increased by some function of the velocity head 
giving the general form 


Q = KOV 29 L(H + nin)%, 


in which n varies from 1.00 to 2.00 depending on the ratio of head to height of 
crest above the bottom and on the ratio of mean velocity of approach to sur- 
face velocity. 


Francis formulas. J. B. Francis replaced the expression BOW 2g by the constant 3.33. 
His formulas for supPressep wuts are Q = 3.33LH”® and Q = 3.33[(H + hy)? — 1%]. 
Later investigators prefer the form Q = 3.33L(H + 14h)”. 


For CONTRACTED WEIRS Francis decreased the length L by 0.1H for each end contraction, 
making the expression for the ordinary rectangular notch 


Q = 3.33(L — 0.24)(H + 1.4n)%. 


The Francis formula is widely used and should give results within 1 to 3 per cent. for 
carefully constructed SUPPRESSED WEIRS with heads from 0.3 to 2.0 ft.; for H = 0.2, 
increase the discharge 3 per cent. and increase 7 per cent. for H = 0.1. If the height of 
crest a exceeds 4H the influence of velocity of approach will cause increase in discharge of 
1 per cent. or less, which is negligible in view of other uncertainties. For conrracrep 
weErRS, which are a little less accurate, velocity of approach is negligible unless the ratio 
of H to a is abnormally high. 

Fig. 50 gives the discharge in cu. ft. per sec. per ft. of length by the Francis formula. 
To use the scale, find first the approximate discharge, neglecting velocity of approach. 
Divide this by the area of the approaching channel to get v-. Replace H by H + 1.4» 2/29, 
taking the value of the velocity head from Fig. 50. For conrracrep weirs replace L by 
L — 0.2H. 

Example 1. Find the discharge from a supPRESSED WeIR 4 ft. long under a head of 
0.625 ft.; crest 2 ft. above the bottom of the channel. 

From Fig. 50, the discharge per ft. of length is 1.65, hence Q = 6.60. The area of the 
channel is 4 X 2.625 = 10.5 sq. ft., hence 1g = 0.628 ft. per sec. and hy = 0.0061. Then 
A = 0.625 + 1.4 X 0.0061 = 0.6335 and Q = 6.72 cu. ft. per sec. 

Example 2. A CONTRACTED WEIR is to be designed to discharge 4 cu. ft. per sec. 

Either the length or the head may be assumed for purposes of trial. Assuming H = 0.5, 
the discharge per foot of width is 1.18 and the necessary width is 4/1.18 = 3.4. Adding 
0.2H for the effect of end contractions the width is 3.5 ft., which lies between 4H and 8H 
and hence is satisfactory. End contractions sbould have a minimum value of 1 ft. each, 
making the width of channel 5.5 ft. The depth of crest should not be less than 1.5 ft., 
making the area of the approach channel 11 sq. ft.; velocity of approach, 0.364; and velocity 
head hy = 0.0019, which is negligible. 


fee Ee 2, 
Bazin formula. Q = mV 2g LH” where m = (0.405 — 0.00984 — FT) [1 ~0.55(=5 3) | 


in which a is the height of the crest above the bottom of the approaching channel. This 
formula needs no correction for velocity of approach and is probably the most accurate for 
a wide range of heads. It may be used safely for heads between 0.2 and 6.0 ft. For 


extremely low heads it gives high results, 


Measurement of flow by weirs. A weir is the standard device for measure- 
ment of moderate flows of water. To get correct results, it must be constructed 
in a standard manner. The crest must be level and have sharp or square 
edges. The sheet of water or NAPPE must jump free of the downstream face 
and allow free access of air to the under side. In supPRESSED weErRs the chan- 
nel walls should extend beyond the crest to prevent lateral expansion of the 
nappe. If ND CONTRACTIONS are used they should be at least 2H and prefer- 
ably 3H or more in length to develop full contraction, and the height of crest a 
(Fig. 49) should be at least 3H. it is preferable that the length L be between 
4H and 8H although weirs of 20 ft. or more in length are in common use. The 
velocity of approach should be low. For a conrractep weir the area of the 
approach channel should be 6LH or more, which makes the velocity of ap- 
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proach negligible. Heap should be measured accurately a distance more 
than 6H upstream to eliminate the slope of the surface toward the weir. For 
approximate work a stake is driven into the channel above the weir with its 
top level with the crest and head is measured directly by a scale held upon this 
stake. For more accurate work water is led from the channel to a pail upon 
which a hook gage is mounted. 

Triangular-notch weirs are convenient for measurement of very small to moderate dis- 
sharges and give good results for heads between 3 and 10 in. DiscHarcn is Q = Misc 
V 2g LH®* where L is width of notch H ft. above the vertex; ¢ = 0.60 for angles at vertex 


of 90° and 60°. Fora 90° weir L = 2H and Q = 2.53" cu. ft. per sec. 
Trapezoidal or Cippoletti weir is designed with end slopes of one horizontal to four 
vertical, which will just compensate for the effect of end contractions. DriscHarGn is then 


riven by the Francis formula Q = 3.33LH?®. Some authorities give Q = 3.36/LH”.. 

ROUNDING OF CREST suppresses contraction and increases discharge. INCLINING 
JPSTREAM FACE with the current increases discharge while sloping the face upstream causes 
lecrease. WIDENING THE CREST so that the nappe no longer jumps free increases friction 
nd reduces discharge. 


Dams and spillways may be regarded as weirs; they are by no means accu 
ate as measuring devices. 

The coefficient in the Francis formula varies from 2.6 to 4.0 or more depending on the 
orm of dam. For a wide flat-topped dam with width of crest greater than H the coefficient 
s 2.64 giving discharge 80 per cent. of standard. Rounding the crest to conform to stream 
ines and inclining the upstream face with the current gives a coefficient of 4.0 or more. 
‘or such a dam the discharge varies from 97 to 120 per cent. of standard as the head varies 
rom 0.5 to 4 ft. In designing a waste weir or spillway, the probable flood discharge should 
ye estimated, a large factor of safety introduced, and the dimensions of the weir determined 


rom Q = MLH*, A common value of M is 3.0. 


28. Flow in pipes 


When water under pressure flows in a pipe there is a continuous loss of 
yressure head due to friction between the water and the pipe and internal 
riction in the water. This condition is shown by Vig. 51, which shows pres- 
ure heads necessary in pumping water from (A) 

o (B). This friction and the corresponding fric- Sa 
ion head hy vary widely with the nature and 
ondition of pipe, diameter, and velocity of flow. 
‘here is much difficulty in obtaining a satisfac- 
ory formula due to the number of variable 
actors and to the fact that roughness cannot be 
lefined mathematically; also the degree of rough- 
ess does not remain constant in service. There ae 

re many formulas but all may be placed in one Ailes ' 

f two classes: (1) friction head is assumed to vary directly as v? and in- 
ersely asd. hy = flv?/2dg; the friction factor f is constant for any assumed 
ondition but is varied as v and d vary, / = length in ft., v = velocity in ft. 
er sec., and d = diameter in ft. (2) hy = alv"/d" in which a is constant and 
and r are chosen for average conditions. 


' 
| 
t 
h, 
! 
| 
( 
1 


Attainable precision. Yor carefully laid new pipe, a discharge within 10 per cent. of cal- 
ulated value is all that may be expected. After a few months friction may increase as much 
s 20 per cent, and in the course of years the diameter may be reduced 50 per cent. by tuber- 
ales of iron rust; this deposit forms more rapidly in some waters than others so that each 
ase is a special problem. Friction factors are given for both new and old pipes and in 
ipe diagrams allowances are made for decrease of capacity with age. 

Secondary losses of head are negligible in long pipes but may be a large part of the total 
ss in pipes of length 50d to 500d. Loss at unTRANCE = mwv?/2g where m = WOR =i, 
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in which C, is the coefficient of velocity for end connection; m = 1.0 for inward projecting 
pipes, 0.5 for square-edged entry with end of pipe flush with the inside of the reservoir wall, 
and 0 for rounded edge conforming to stream-line flow. Loss puE TO 90° BENDs is the same 
as that for straight pipe of 
length 10 to 20d, it is smallest 
when radius = 3d; itis greater 
for large pipes than for small 
ones, varying approximately 
as d. Loss DUE TO VALVES is 
uncertain but equivalent to a 
length of 6d at full gate. Loss 
DUE TO EXPANSION OF SEC- 
TION occurs when water flowing 
in a small pipe with velocity 2 
suddenly enters a large pipe in 
which the velocity is 22; this 
loss is hy = (vy — v)2/2g. It 
occurs in hydraulic machines, pipes and channels, whenever the section of flowing water 
is suddenly enlarged; it can be prevented by having the increase gradual as in the Venturi 
meter (Art. 32). Loss DUE TO SUDDEN CONTRACTION OF SECTION is similar to that at the 
entrance to square-edged pipe; it depends on the ratio of pipe diameters and has a maxi- 
mum value of 0.5v2/2g, in which » is the velocity in 
the smaller pipe. 


Fie. 52.—Hydraulic gradient, short pipe. 


Hydraulic gradient is a line that repre- 
sents the height of the pressure head at any 
point in a pipeline. Fig. 52 shows this line 
for a short horizontal pipe with square-edged 
entry. The pressure at any point is found 
from the relation: pressure head = total 
head — velocity head — lost head. Fie. 53. 


When there is no flow, the head at (B) ish. When free discharge occurs at (3), the drop 
at (A) = the velocity head v2/2g plus entrance loss, he = 0.5v2/2g; the head then drops 
uniformly to zero at (B). If the pipe were laid on the hydraulic gradient there would be 
no pressure head and the slope would be just sufficient to give the required flow. 

When a pipe rises above the hydraulic gradient (Fig. 53), negative pressure occurs at 
(C). If this pressure is less than 25 ft., water will syphon over and discharge at (B) under 
head h. But it is almost impossible to keep the pipe air tight and air dissolved in the water 
is liberated under the reduced pressure; hence air collects at (C) and breaks the vacuum. 


Ll his 
—+-— 
ds ds 


Fic. 54.—Hydrauliec gradient for compound pipe. 


The pipe then discharges at (C) under head hj; section (CB) acts as a conduit running 
partly full. This may be avoided by closing a valve at (B) until the hydraulic gradient 
rises above (C’), then opening an air valve at (C). Negative pressure at (C) may be avoided 
by a compound pipe that makes the hydraulic gradient ACB, Fig. 53. Fig. 54 shows the 
hydraulic gradient for a long compound pipe in which velocity head and secondary losses 
have been neglected. If the friction factor f is assumed the same for each pipe, the slope of 


~ 
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the gradient varies as v2/d and since the discharge gq is the same for each section, » varies as 
1/d?, hence the slope varies inversely as di, 

Flow in short pipes. If the loss at entrance is mv?/2g and loss due 
to bends, valves, and other secondary causes is m1v?/2g, then h — v?/2g = 
(m + m + fl/d)v?/2g and v = V 2gh/V1 +m-+m,+fl/d. If losses due 
to valves, bends, ete., are allowed for by using an equivalent length of 
straight pipe, the velocity and discharge for square-edged entry are 


Qgh Qgh 
- - (8 rae 0-7854ar | 2A 


Lig 15 +55 


from which the diameter in feet required for discharge q is 
d = 0.479(1.5d + fl)6(q2/h)¥. 


To solve the equation for diameter, use a trial value of f = 0.02 and omit the term 1.5d 
for the first approximation. Use a value of f from Table 26 that corresponds with the 


Table 26. Friction factors (f) for clean iron pipes 


Velocity, in feet per second 
Diameter 
in feet 
1 2 3 4 6 10 15 

0.05 0.047 0.041 0.037 0.034 0.031 0.029 0.028 
0.1 0.0388 0.032 0.030 0.028 0.026 0.024 0.023 
0225 0.032 0.028 0.026 0.025 0.024 0.022 0.021 
0.50 0.028 0.026 0.025 0.023 0.022 0.020 0.019 
0.75 0.026 0.025 0.024 0.022 0.021 0.019 0.018 
1.00 0.025 0.024 0.023 0.022 0.020 0.018 0.017 
4.25 0.024 0.623 0.022 0.021 0.019 0.017 0.016 
1.50 0.023 0.022 0.021 0.020 0.018 0.016 0.015 
1.78 0.022 0.021 0.020 0.018 0.017 0.015 0.014 
2.00 0.021 0.020 0.019 0.017 0.016 0.014 0.013 
2.5 0.020 0.019 0.018 0.016 0.015 0.013 0.013 
3 0.019 0.018 0.016 0.015 0.014 0.013 0.012 
3.5 0.018 0.017 0.016 0.014 0.013 0.012 0.012 
4 0.017 0.016 0.015 0.013 0.012 OO TAS oleae. aoecs 
5 0.016 0.015 0.014 0.013 OR OIA | ake cas wityarseas|\astaca astm ees 
6 0.015 0.014. 0.013 0.012 OPO MEW es cyedtavsiacsi-cs| vcetevavede. os : 


:pproximate value of d and solve again. For very short pipes where 1 < 50d, the coefficient 
n should be replaced by 1/C2 — 1 and 1 by 1 — 3d hence v =V 2gh/V 1/02 + fl — 3d)/d. 


Long pipes. Where length exceeds 4000d, secondary losses and velocity 
1ead are omitted and the formulas become 


ae) % : ea) % pe 
v (2 ; ¢=63(—7) 5 d= 0.479 
From Darcy’s experiments the friction factor f = 0.02 + 0.00167/d, where d is in feet, 
or new clean cast-iron pipe with well-laid joints, and twice this value for old, foul pipe. 
“his value is too high for large cast-iron pipe and wood-stave pipe and too low for riveted 
teel pipe. Table 26 gives Merriman’s values for f for new well laid cast-iron pipe (Treatise 
n Hydraulics, John Wiley & Sons). For oLp pipp these values should be multiplied by 
wo for diameters of 3 in. or less and by 1.5 for 36 in. or more. Choice of a multiplier is a 
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matter of judgment. To determine the diameter required for a given discharge, use a 
trial value of f = 0.02 and solve. Then select the value of f that corresponds to the first 
result and solve again. Pipe-flow diagrams lessen labor and are sufficiently accurate. 

Example. Find the diameter required to deliver 7 cu. ft. per sec. through a pipe 5000 ft. 
long under a head of 25 ft. 

TRIAL soLuTION: d = 0.479(0.02 X 5000 X 72 + 25) = 1.37 ft., for which » = 4.7. 
The corresponding value of f = 0.021, hence d = 1.39 ft. or 16.7 in. The commercial size 
selected should be 16 or 20 in. 


Chezy formula is most generally used for investigation of flow in long pipes, 
channels and conduits. It states that v = CRs in which C is a constant, # 
is the hydraulic radius in ft., and s is the slope of the hydraulic gradient. The 
formula applies to everything from smooth pipes to turbulent streams. 


HYDRAULIC RADIUS OR HYDRAULIC MEAN DEPTH is the section area of the flowing stream 
divided by the wetted perimeter and is expressed in feet. Velocity and discharge vary 
with R and are maximum for a given area when R& is maximum. If p = wetted perimeter 
and A = section area, R = A/p, hence for circular conduits full or half full R = d/4 and 
for a rectangular flume b ft. wide and d ft. deep R = bd/(b + 2d). Stope or HYDRAULIC 
GRADIENT is the friction head per unit of length, hence s = hy/l. It is given as feet per 
1000 ft., ft. per mile, and as a ratio. The CHmzy constant, C, varies with R, s and with 
the nature of the conduit; it is made to embrace a wide variety of conditions. See Tables 
27 and 28. 

Table 27. Chezy constant-(C) for cast-iron pipe 


Velocity, in feet per second 
Diameter 
of pipe, New pipes _ Old pipes 
inches 
1 3 6 10 1 3 | 6 10: 
3 95 98 100 102 63 68 71 73 
6 96 101 104 106 69 74 77 79 
9 98 105 109 Fa) 9 73 78 80 84 
12 100 108 112 117 77 82 85 88 
5 102 110 IEE7. 122 81 86 89 91 
18 105 112 119 125 86 91 94 97 
24 111 120 126 131 92 98 101 104 
30 118 126 Ton 136 98 103 106 109 
36 124 131 136 140 103 108 111 114 
42 130 136 140 144 105 111 114 117 
48 135 141 145 148 106 112 115 118 
60 142 147 150 RF Di, 0. 2 SERA Oe oR te oct ee 


Table 28. Chezy constant (0) for riveted-steel pipe 


— 
Velocity in feet per second 

Diameter of 
pipe, inches 

1 3 5 10 

3 81 86 89 92 

1d 92 102 107 115 

11 93 99 102 105 

15 109 AT? 114 IG 

38 115 113 113 fi3 

42 102 106 108 Ill 

48 105 105 105 105 

a2 110 110 lil 111 

72 93 101 105 110 

103 114 109 106 104 
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Discharge of a pipe eee full is given by the Chezy formula as ¢ = 
2 : 6 
ae also d = ed . The diameter is best found by trial using a 
tentative value of C = 125. 

Relation between friction factor and Chezy constant. The Chezy formula applied to 
pipes under pressure is in the same form as the friction-factor formula for long pipes, 
v =V 2ghd/fl. Replacing s by h/l and R by d/4, » = CWdh/4l. Bquating these two 
values of v, there results f = 8g/C?. 

Pipe-flow diagrams. Fig. 55 (U.S. Reclamation Service), shows the relation 
between discharge, friction head, velocity, and diameter; if any two are known 
the other two may be determined. 


Discharge, cu.ft. per sec. 
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Friction loss of head, ft. per 1000 ft. 
Fic. 55.—Pipe flow, U. S. Reclamation Service formula. 


cu. ft. per sec. 


Discharge , 


per sec. 


ou. rt. 


Discharge, 
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The diagram is based on the formula hy = 0.38y1-86 /gl.25 in which hy is friction head 
per 1000 ft. of length. The constant and the exponents of » and d are based on average 
results of a large number of experiments; results agree quite closely with those obtained by 
use of Tables 27 and 28, and with values found by Kutter’s coefficient n = 0.011 (Art. 30). 
Results are for cast-iron and wrought-iron pipe in good condition; for OLD PIPE in service 
10 years or more and for riveted-steel pipe, the friction head should be multiplied by 1.45 
to 1.63 and discharge divided by 1.20 to 1.28 for velocities of 2 to 5 ft. per sec. For this 
case the formula is hy = 0.5022/d!-25. 

Example. New pipe two miles long is to discharge 10 cu. ft. per sec. with drop of 
head of 40 ft., what diameter is required? 

s = 40/10,560 = 0.00379 or 3.79 ft. per 1000 ft. Enter the diagram on the vertical line 
representing 3.79 ft. per 1000; at intersection with the horizontal line representing 10 cu. ft. 
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Friction loss of head, ft. per 1000 ft, 
Fie, 56.—Pipe flow, Hazen-Williams formula (after Bleich). 


cu. ft. per sec. 


Discharge, 
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per sec. read 20-in. pipe required. If the pipe is to remain in service 10 years or more, 
divide discharge by 1.25; 20-in. pine gives 10.8 + 1.25 = 8.65 cu. ft. per sec. and 24-in. 
pipe gives 13.6 cu. ft. per sec. 


Hazen-Williams formula, » = 1.318 CR°-®5°-54 is based on average results. 


The constant 1.318 is introduced to make the coefficient C approximately the same as in 
the Chezy formula. Hazen and Williams values for C are: best cast-iron pipe, 140; good 
new cast-iron pipe, 130; tuberculated pipe, 80 to 110; for pusren of cast-iron pipe lines, 100; 
new riveted-steel pipe, 110, ordinary wrought-iron pipe, 100; lead, brass, tin pipe, 140; 
smooth wood pipe, 120; vitrified pipe, 110; smooth clean masonry, 140; slime-coated 
masonry, 130; ordinary masonry, 120; brick sewers, 100. Application is much simplified 
by use of Fig. 56 (S. D. Bleich). The diagram is constructed for C = 100; for any other 
value of C, multiply velocity and discharge by c/100. To srLuct prpp to give discharge 
q@ multiply gb y 100/C giving gq}, and using this value find dfrom the diagram. To get 
ACTUAL VELOCITY, multiply the diagram value by C/100. For cuaNNELS, multiply the 
hydraulic radius by 4 to get the equivalent diameter. 

Example. Find the diameter of riveted-steel pipe to carry 40 cu. ft. per sec. with slope 
s = 1.001. C =110. Multiply 40 by 100/110, then g! = 36.836 and d = 46 in. The 
corresponding velocity is 3.2, but since the actual discharge is 40, actual velocity is 3.2 x 
110/100 = 8.52 ft. per sec. 


Comparison of U. S. Reclamation Service and Hazen-Williams formulas. 
F. W. Schoder (Marks) states that Fig. 55 gives discharges that are slightly too 
great for new pipe and hence may be used safely for design when the pipe is to 
remain in service 5 to 10 years, if the velocity is sufficient to prevent sedimenta- 
tion and the water is not highly corrosive. But these values correspond to 
the friction factors for new pipe (Tables 27 and 28) and to values of C in Hazen- 
Williams formula as follows: 6-in. pipe, 120; 12-in. pipe, 127; 24-in. pipe, 
130; 10-ft. pipe, 140. These are coefficients for new cast-iron pipe and pipe 
in best condition, hence Fig. 56 is more conservative than Fig. 55, but the 
latter probably gives a closer indication of discharge of a pipe in fairly good 
condition. Hazen-Williams formula can be used for any class of pipe by 
choosing the proper value of C. 


Compound pipe. A pipe line is to be made of sections of different diameters, the same 
discharge flowing through all; required to find the discharge. 

SEE MIO aE ie 

29d, 2gdo 29d3 
section varies approximately as//d5. Irom this relation friction heads may be found by trial 
such that each section gives the same discharge. In Fig. 54 let the diameters be 16 in., 
10 in., and 12 in., and the lengths 4000 ft., 3000 ft., and 3009 ft., and let the total head be 
120 ft. Friction heads for the sections vary as 4000/165: 3000/105: 3000/125, or as 3.8 : 30: 
12. Hence the respective heads are 120 X 3.8/45.8, 120 X 30/45.8, 120 X 12/45.8 or 9.95 ft. 
78.6 ft., and 31.4 ft. Fig.55 shows that each 
section will discharge 4.4 cu. ft. per sec. under 
these heads. 

Branching pipe. To design branching pipe 
(Fig. 57) to discharge given amounts at C and D 
assume a pressure drop from (A) to (BS) and 
design the section (A — B) for a discharge equal 
to the sum of those required at (C) and (DP). 
Then design sections (B-C) and (B-D) to give Pia. 57.—Branching pipe. 
the desired discharge under their respective 
heads. If the diameter of any section is fixed, all pressure drops are fixed and no as- 
sumptions are necessary. 

Example. Jind the diameters required to discharge 10 cu. ft. per sec. at (C) and 5 cu. ft. 
per sec. at (D). Assuming a drop of 10 ft. from (A) to (B), section (A—B) must discharge 
15 cu. ft. per sec. under 10 ft. head or 5 ft. per 1000 ft. From Fig. 55 d lies between 20 and 
24in. Assuming the latter, the drop is 6 ft., leaving heads on (C) and (D) of 14 and 24 ft. 
respectively. (B-C) is then between 16 and 20 in., and (B—D) between 10 and 12 in. It 
is best to select the larger diameters and control the discharge by gate valves. 

To find the discharge from an existing pipe line, make a series of trials assuming different 
drops from (A) to (B) until one is found that gives a flow through (A-B) that equals the 


Solution. h = which shows that friction head for each 
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sum of those through (B-C) and (B-D). If, in Fig. 57, the diameter of (A-B) is 30 in,, 
(B-C) 24 in., and (B-D) 16 in., assuming 10-ft. drop 
A 1000'- 12"Pipe B from (A) to (B), the discharges are: (A-B), 33 cu. ft. 
: per sec.; (B-C), 20; and B-D, 14. 
Looped pipe (Fig. 58). Discharge from each branch 
is found from the fact that the pressure drop from 
iby . (A) to (B) is the same in each. 

Fria, 58.—Looped pipe. Example. Find the pressure difference from (A) to 

(B) to give a flow of 5 cu. ft. per sec. and find the flow through each pipe. 
For the same friction head, the discharge g varies as (a5/1)”2, approximately. Hence 
4 ¥ ( 125 \% ( 10° 
the ratio of discharges is =), * (i600 
values of 3.33 and 1.67 cu. ft. per sec. for the two branches. The corresponding lost heads 
are 6 and 5.8 ft. (Fig. 55). A head of 5.9 ft. will give discharges of 3.2 and 1.8 cu. ft. per 

sec., as required. 


Pump pipe lines. The general problem is selection of pipe for the greatest 
economy. The pumping head is the sum of the static head and the friction 
head, the latter varying as d® for constant discharge. 


Example. Let the pump supply a reservoir with 600 gal. per min. against a static head 
of 60 ft. through a pipe 2400 ft. long. Valves and bends increase the equivalent length to 
2500 ft. Select the pipe. 

q = 1.335 cu. ft. per sec. The head lost per 1000 ft. for this discharge is approximately 
1, 2.5, 7.2, and 30 ft. for diameters of 12, 10, 8 and 6 in. respectively (Fig. 55). Pipes 6-in. 
or less diameter give too large friction loss. The total losses for 8-, 10- and 12-in. pipes are 
17.5, 6.25, and 2.5 ft. to which the static head 
must be added to find the pump pressure. 
The most economical pipe will be the one for 
which the interest on first cost of pipe line plus 
the value of power lost in friction will be a mini- 
mum. Notethat asmall change in diameter 
makes a large difference in friction head. 


= 15.7: 7.75 or nearly 2:1, which gives 


Pumping, Three cases are repre- hy= static head 
sented in Fig. 59. (a) The total head hy= friction head 
is the static head plus friction head and A (a) he's: puniplag heae 
the net power required is WH/550 hp., 
where W = pounds pumped per sec. and 
His total head. (b) The pumping head 
is the difference between the friction 
and static heads. The negative head/at 
(C) should not be greater than 25 ft. 
Since the slope of the hydraulic gradi- 
ent varies inversely as d° it 1s possible 
to control the pressure at (C) by a 
proper selection of pipe diameter. (c) 
The pipe is arranged to eliminate nega- 
tive head at (C). The static head is the 
difference in elevation between (A) and 
(C) and the friction head is the pressure 
drop from (A) to (C). Pipe (CB) isa 
conduit designed to carry the given dis- 
charge under head h. Its diameter is 
less than that of the line (AC). Fra. 59.—Pump pipe lines. 
Example. (AC) = 2000 ft., (CB) = 4000 ft.; elevation of (A) = 20 ft., (C) = 50 ft 
(B) = 10: Find the power required to pump 4 cu. ft. per sec. through 12-in. pipe. (6) Fig. 
55 gives h = 7.9 ft. per 1000 ft. = 47.4 ft. Static head = — 20 ft. hence the pumping head 
= 27.4 ft. and Hp. = 12.45 net. (c) If no negative pressure at (C) is permissible, the 
pumping head becomes 380 + (2 X 7.9) = 45.8 ft. and (CB) is designed to discharge 4 ou. ft. 
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per sec. under a head of 50 ft. The diameter lies between 10 and 12 in. hence the 12-in. pipe 
will run partly full. This can be avoided by partially closing a gate valve at (B). Were 
the section (AC) made of 16-in. pipe, the friction head per 1000 ft. becomes 1.9 ft., making 
the pumping head 33.8 ft., a saving of 26.6 per cent, i 


Power delivered by a pipe is proportional to the product of the discharge and 
head at the delivery end. In Fig. 60, hi is a maximum when q = Oandh; = 0 
_wheng = maximum. Power varies as q(h: + v2/ 2g) and has a maximum value 
when one-third of the static head is consumed in friction. Usually the value 
of the power is such that the pipe-line is designed to consume but 5 to 10 per 
cent. of the total head in friction. Selection of a proper pipe diameter is 
governed by the same factors that control in pump pipe lines. Fig. 61 shows 
relations between head, power, and discharge for pipe delivering power. 


Rate of discharge 


Fic. 60.—Pipe with nozzle delivering Fic. 61.—Head in pipe and power 
power. delivered. 


Example. Water under a total head of 1000 ft. is brought to a 1000-kw. Pelton wheel 
by a pipe 5000 ft. long. The efficiency of the wheel is 85 per cent, Design a pipe so that 
the friction loss shall be about 10 per cent. of the total bead. 

Assuming the head on the wheel = 900 ft., g = 1000 & 550/(900 X 62.5 X 0.746 X 
0.85) = 15.5 cu. ft. per sec. For cast-iron pipe in good condition, a 120-ft. head is required 
to discharge this quantity through 16-in. pipe and 40-ft. for 20-in. pipe (Fig. 55). 16-in. 
pipe will supply 16 cu. ft. per sec. with a loss of 125 ft. or 12.5 per cent., which is the amount 
required to give 1000 kw. under 875-ft. head, while 20-in. pipe will give the same power 
with a loss of 3.5 per cent., the discharge being 14.5 cu. ft. per sec. After 10to015 years’ 
service the 20-in. pipe will maintain the required power with a loss of 6 per cent. and 
discharge of 15 eu. ft. per sec. (Fig. 56 with C = 100.) 


Water hammer or ram is the shock or blow produced by the dynamic action 
of water when the flow is suddenly checked by the rapid closing of a valve or 
by other obstruction. The sudden decrease in velocity sets up a pressure 
wave which produces 4 maximum excess pressure of p = 63v Ib. per sq. in. 
where » = change in velocity or “extinguished” velocity; the SPEED OF PROP- 
AGATION is about 4500 ft. per sec. If the time of closing the valve exceeds 
0,0004281 sec., p = 0.0271v/t. If the pressure wave enters a branch pipe 
with a dead end, the excess pressure may be increased two- or three-fold; a 
series of branches may build up a dangerous pressure. 

When the velocity in a long pipe supplying power to a water wheel is suddenly checked 
a pressure wave is built up which travels back to the reservoir and, due to the clasticity of 
water and pipe, forces water back, thus producing a wave of reduced pressure. The result is 
establishment of an oscillating wave with gradually decreasing amplitude and period 
depending on the length of pipe. Water hammer may be greatly reduced by the use of air 
chambers on pumps and of surge tanks on pipe lines supplying water wheels; automatic 


relief valves employing springs are not as good. Velocity should never be checked suddenly 
hence the valves are designed to close slowly, Allowance should be made for water hammer 


in design of pipe. 
29. Design of pipe 
Determination of diameter usually involves selection of a standard size of 
pipe that will furnish the required discharge under given conditions, Dia- 
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grams for selection of diameter give as great accuracy as conditions warrant. 
The roughness factor is so uncertain that discrepancies of 10 per cent. or more 
between calculated and actual discharge may be expected. 

Cast-iron pipe. Standard sizes are given in Table 29. Bell-and-spigot 
(Fig. 62) or flanged joints are provided. Flanged pipe is required for pump 


Table 29. Standard weights and thicknesses of cast-iron bell-and-spigot pipe 
(U. S. Cast Iron Pipe & Foundry Co. Based on specifications of Am. Soc. for Test. Mat.) 


a, 
Class A Class B Class C Class D aS, 5 
|| 100-ft. head, 200-ft. head, 300-ft. head, 400-ft. head, |S | 4 
“|"") 43 Ib. pressure 86 Ibs pressure 130 Ib. pressure | 173 lb. pressure | 3 rs) 
thi sla 
tes ss ~o3is 
Se Sheetahes 
Z| 8 ef ae = = es = =o] > eae 
Beale | ts NEeceee boned hel ao) ob thus etaldesileae Vee chp eee 
‘ale| €| ¢ | g|a|s cee: ae Ae i 2 eae 
5 S| a 3 S a a s B n R 5 $ na B 3 s n ex ERI 
= a Qn rN z 
elect ofa) te So Reer S18) el) S'S Geel garicanie sie 2 iriie 
2 CRS SS = | Pe eA We Sa re Lemp fetrsters ten Mae ier Ce a batch RCE It 
aay sriye ee (se | Se Be) es Se) aor ae a | aca eo eee 
ONS eee ONC) ia | es Be a) Bh Se a) 3 18/68) 26 
Zl<4|-4 | 6 | H/o |e H| oO/-E H| ole < |< 
3/12/0.38) 3.80) 13.9/0.42) 3.84) 16.2/0.45) 3.90) 17.1/0.48) 3.96] 18.0] 6.06] 0.18 
4/12/0.42) 4.80) 20.0/0.45) 5.00) 21.7)0.48) 5.00) 23.3/0.52) 5.00) 25.0) 7.5) 0.21 
6/12/0.44) 6.90) 30.8)0.48| 7.10} 33.3/0.51) 7.10) 35.8/0.55).7.10} 38.3) 10.3] 0.31 
8]12/0.46) 9.05! 42.9]0.51] 9.05) 47.5/0.56] 9.30] 52.1/0.60| 9.30) 55.8] 13.3] 0.44 
10/12)/0.50)11.10) 57.1/0.57,11.10} 63.8)0.62)11.40) 70.8/0.68/11.40) 76.7} 16.0) 0.53 
12)12/0.5413.20) 72.5/0.62)13.20 82.1/0.6813.50} 91.7)0.7513.50) 100.0} 19.0 0.61 
14/12\0 57 15.30) 89.6)0.66)15.30) 103.0 0.7415.70 117 .|0. 82)15.70) 129.0} 22.0) 0.81 
16}12/0.60/17.40) 108.0/0 70/17 40 12 0/0.8017.80 144.0]0.89)17.80) 158.0] 30.0} 0.94 
18}12/0.6419.50) 129.0/9.75/19.50) 150.0]0.87)19 .90| 175.0/0.96/19.90]} 192.0] 33.8] 1.00 
20)12/0.67/21.60) 150.0)0.8021.60| 175.0]0.92'22.10, 208.0/1.03|22.10) 229.0] 37.0) 1.25 
24/1210.76/25 80) 204.0/0.89/25.80] 233.0)1.04/26.30| 279 .0]1.16)26.30| 307.0} 44.0] 1.50 
30/120 8831.70 292 .0/1.03)/32.00} 333.0]1.20/82.40) 400.0/1.37|32.70| 450.0] 54.3) 2.06 
3612/0 .99'38.00) 392.G]1.15/38.30} 454.0]/1.36/38.70| 546.0/1.58)39.20| 625.0] 64.8] 3.00 
4212/1 .10\44.20) 513.0)1.28)44.50] 592.0]1.54/45.10] 717.0/1.78/45.60| 825.0] 75.3] 3.62 
48)12)1 26.50.50) 667.C)1.42/50.80| 750.0/1.71/51.40| 908.0/1.96/52.00)1050.0) 85.5] 4.37 
54/12)1 35156 .70} 800.0]1.55/57.10) 933.0]/1.90/57 .80,1140.0)2.23/58.40]1340.0] 97.6] 6.25 
60)12!1 3962.80) 917.0}1.67/63.40)1110.0/2.00/64 20)1340 .0)2. 38164 .80)1580.0)108.0) 8.25 
72)\12/1. 62/75 .30|1280.. 0] 1 .95|76 .00/1550.0/2.39/76 .90/1900.0}....J...0.)...5.. 131..3)12.50 
84/12}1.72'87 . 50/1630 .0/2. 22/88. 50/2100.0 corsa ioe. :eaeclns clk ka dai bh omgec eel ato ap a 152.0/15.00 


connections and for conditions where it may Le desired to remove a section. 
Exposed pipe is generally flanged and submerged pipe of bell-and-spigot variety. 
The latter is made tight by calking and 


then pouring in a lead collar which is after- 

a i Se, wards calked. Special flexible lead joints 
(Fig. 63) are made which are capable of 

Fid62: Fic. 63. motion of several degrees without causing 


leakage. Joimts allow for change in length 
due to temperature change, hence no temperature stresses are produced. 


Thickness of cast-iron pipe is given by Brackett’s formula, 
T = 0.25 + (P + P!)r/3300, 


in which 7 = thickness in inches, P = maximum static pressure in lb. per sq. in. Pl = 


allowance for water hammer and 7 = radius in inches. This formula allows a large factor 
of safety to cover inequalities in casting and strains other than that due to internal pressure 
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and gives sufficient thickness to insure the pipe against excessive breakage in handling and 
shipping. For large pipe the value of P! = 70 lb. per sq. in.; for smaller pipe Brackett gives 
the following: 


Diameter of pipe, inches........... 36 30 24 20 16 12 10 to 3 
P1, pounds per square inch......... (ae) 80 85 90 100 110 120 


In ordering pipe for given pressure or head, refer to makers’ tables. 

Coating. Cast-iron pipe is always given a protective coating by dipping in a solution of 
coal tar and linseed oil at 300° F. 

Pipe is subject to formation of tubercles of rust, especially if the water contains much 
CO:. These deposits may greatly reduce the diameter in the course of years hence suitable 
allowance must be made. Hazen-Williams formula with C = 100 (Art. 28, Fig. 56) 
allows a considerable factor of safety and should give the correct discharge after 16 years’ 
use, if corrosion is not abnormal. Cast-iron pipe should have a tir of 40 to 80 years. 
Pipe is sold by the net ton; PRicr varies with the price of pig iron. The price for the pre- 
war period averaged $25-$30 per ton with an average of $60 per ton for special shapes as 
Y’s, T’s, curves, etc, 


Wrought-iron and steel lap- and butt-welded pipe is used for distribution 
_ of water, gas, and steam in sizes 1¥ in. to 15 in. nominal diameter and in three 
weights, standard full-weight, extra-strong, and double extra-strong. Special 
pipe for hydraulic machinery capable of withstanding internal pressure of 
10,000 lb. per sq. in. is made by boring solid steel forgings. Most lap- and 
butt-welded pipe now on the market is mild steel but is often sold as wrought- 
iron. Large lap-welded steel pipe can be furnished in any diameter in thick- 
ness from 144 to 1144 in. Forged flanges and connections are furnished in all 
sizes. Standard sizes are given in Table 30. 

Flow through wrought-iron and steel pipe should be calculated for the 
actual internal diameter, which differs considerably from the nominal diam- 
eter. Small pipe is generally employed in short lengths with many elbows, 
valves, and other fittings, hence secondary losses of head play an important 
part. Table 31 gives dimensions of small sizes of standard full-weight pipe 
and the flow that may be expected for given pressures and equivalent lengths. 
(Williams and Hazen, Hydraulic Tables, Wiley.) 

Riveted-steel pipe is used for high pressures and for long mains 30 in. ormore 
in diameter; it is not generally used in smaller sizes. It is cheaper than cast- 
iron for large diameters. The pipe is made of sheets, 7 or 8 ft. wide, which 
are bent around and riveted with a double-riveted lap joint. (Butt joints 
with straps on the outside have also been used.) End joints are made by sin- 
gle-riveting in and out courses, alternate rings being larger and smaller. The 
pipe is also made in taper lengths, one end designed to slip into the large end 
of the next length. Continuous riveting is generally used on pipe lines, each 
length being securely riveted to the next. The pipe must then withstand 
temperature stresses which, under most unfavorable conditions, may be as 
high as 9000 Ib. per sq. in. Strong anchorages must be provided to withstand 
the resultant thrust due to temperature change and especially designed valves 
and fittings must be employed to resist this pressure. Temperature stresses 
may be avoided by the use of expansion joints. Riveted pipe is also furnished 
in lengths up to 40 ft. with pressed or forged-steel flanges which bolt together 
as in cast-iron pipe. : , 

Spiral-riveted pipe is furnished in diameters up to 40 in, Hach length is 
made of single sheet wound with overlapping edges which form a single-riveted 
spiral seam of great strength. Spiral-riveted pipe is stronger than straight 
riveted pipe of the same weight and thickness and, due to spiral seams, has 
more resistance to bending or transverse loading. Ind connections (Fig. 64) 
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Table 30. Standard full-weight wrought-iron and steel pipe. (National Tube Co.) 


o Circum- Lengee e 2 rey 
: ‘ oat Transverse areas, pipe per = ° os 
Diameter, inches 2 ference, 5 sh, 8 & a 
A aHoheS square inches see 3 st a 
a oot of q 3) a 
Q ° 2 a) 
— z se 18 Se 
iS a) on oa Sine Rite 5 | 
3 Sil Bete ea ngiGieeod |) feneiun| et cadl E> 
< q “a rs 3 = "3 = SH i =) Ooi HO 
Bighong tee ld Meiee| Mogeobe cect uBio) anglih jargon bees Weg tonto od Ee |g 
Bia tie We ae (OR M ISdat Bling BtoB |S sea) Boo) Peres 
Ceri dor aot ic ist ie M cz Leal ae Pie © S Bea 
A <q <q A ca Lo ie3} i] = & a H Z Zz 
Y! 0.405| 0.27 10.068] 1.27|.0.85| 0.13) 0.06) 0.07/9.44/14.15)2513.00) 0.24/27 
4%] 0.540] 0.36 |0.088) 1.70) 1.14] 0.23) 0.10) 0.12/7.08/10.49)1383.30) 0.42/18 
34] 0.675] 0.49 |0.091] 2.12) 1.55) 0.36) 0.19] 0.17|5.66| 7.76) 751.20) 0.57/18 
14! 0.840| 0.62 |0.109] 2.63) 1.95} 0.55] 0.30) 0.25)/4.55) 6.15] 472.40] 0.85)14 
34] 1.050] 0.82 |0.113| 3.30] 2.59| 0.87) 0.53) 0.33/3.64| 4.64) 270.00) 1.13\14 
1 1.315] 1.05 |0.134] 4.13; 3.29] 1.36] 0.86) 0.50\2.90! 3.65] 166.90) 1.68)114% 
14%} 1.660] 1.38 |0.140) 5.22] 4.34] 2.16} 1.50] 0.67/2.30) 2.77, 96.25) 2.27)11% 
14%} 1.900] 1.61 |0.145] 5.97) 5.06] 2.84| 2.04) 0.80/2.01| 2.37} 70.66) 2.72)11% 
2 2.375| 2.07 |0.154| 7.46] 6.49] 4.43) 3.36) 1.07|1.61] 1.85) 42.91] 3.65]/11% 
24%| 2.875| 2.47 10.204) 9.03] 7.75) 6.49] 4.78) 1.71]1.33) 1.55) 30.10) 5.79] 8 
3 8-500] 3.07 |0.217/11.00) 9.63) 9.62) 7.39) 2:2417.09] 1.25~ 19,50) 7.57) 8 
34%) 4.000] 3.55 |0.226)12.57)11.15) 12.57} 9.89] 2.68)0.96| 1.08) 14.57) 9.11) 8 
4 4.500) 4.03 |0.237)14.14/12.65} 15.90! 12.73] 3.18)0.85] 0.95) 11.:381)10.79| 8 
41) 5.000} 4.51 |0.246/15.71/14.16) 19.64) 15.96] 3.68)0.76| 0.85 9.02/12.54| 8 
5 5.536] 5.05 |0.259/17.48/15.85| 24.31) 19.99) 4.32)/0.69| 0.76 7.20/14.62! 8 
6 6.625) 6.07 |0.280/20.81)19.05} 34.47) 28.89) 5.59/0.58] 0.63 4.98/18.97) 8 
ai 7.625| 7.02 |0.301/23.96/22.06| 45.66] 38.74] 6.92/0.50} 0.54 3.72/23 .54| 8 
8 8.625] 8.07 |0.276/27.10|25.35} 58.43} 51.15) 7.28)0.44| 0.47 2.82/24.69] 8 
8 8.625] 7.98 |0.322/27.10/25.07| 58.43) 50.02} 8.41,0.44| 0.48 2.88/28.55| 8 
9 9.625] 8.94 |0.344/30.24/28.08| 72.76] 62.72|10.04/0.40) 0.43 2.29/33.91) 8 
10 |10.750)10.14 |0.278/33.77/32.01| 90.76) 81.55) 9.21/0.36) 0.37 1.76|31.20! 8 
10 |10.750)10.14 |0.306)33.77|31.86) 90.76] 80.75]10.01/0.36] 0.38 1.78|34.24| 8 
10 =/10.750;10.02 |0.366|/33.77|31.47| 90.76) 78.82|11.94/0.36] 0.38 1.82|40.48] 8 
11 |11.750}11.00 |0.375]36.91|34.56|108.43) 95.03)13.40/0.33] 0.35 1.51/45.56} 8 
12 |12.750|12.09 |0.328/40.06/37 .98)127 .68|114.80/12.88)0.30] 0.32 1.25|43.77| 8 
12 |12.750]12.00 /0.375}40.06/37.70|127 .68]113.10]/14.59/0.30] 0.32 1.27/49 .56) 8 
13 |14.000/13 .250/0 . 375/48 .96]41.60]153 . 86}137 .81/16.05|0.27| 0.29 1.04}54.57] 8 
14 |15.000|14.250/0.375/47 .10|44.70/176.62/159 .39|17.23/0.25| 0.27 0.90/58.57| 8 
15 |16.000)15.250)0.375/54. 24/47 .90|200.96/182.55/18.41/0.24] 0.25 0.75/62.58] 8 


are of flanged, bolted 
consists of a sleeve 
wrapped in burlap 
soaked in red lead or 
tar and driven into 
the adjoining pipe. 
Lugs on the pipe 
are then connected 
by wire. See also 
Sec. 28, Table 14. 


or slip-joint type. The latter, used for low pressures, 


== 


(a) Slip Joint 


(c) Flanged Joint 


Fig. 64.—Joints for riveted pipe. 


Lock-bar pipe (Fig. 65) is made by upsetting the edges of steel plates and 
inserting them in grooves of a lock bar of H section which is then forced down 
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Table 31. Flow in small pipes 


: ; Discharge in 
Wrought iron, inches us and ; Loss of head, feet, per 1000 ft. 
ppm igiside 
eet pe ; 
Nominal Actual Per Per seo seen ootls Ordinary Old iron 
size j i q , ron, iron, Bes Z 
diameter minute 24 hr. C=120 C=100 C=80 
¥% | 0.270 0.2 288 dete. 44 62 94 
0.4 576 2.24 158 220 335 
0.6 864 3.36 335 470 710 
0.8 il Usy) 4.48 570 800 1210 
150 1,440 5.60 860 1210 1830 
yy 0.364 0.5 720 1.54 56 78 118 
1.0 1,440 3.08 200 280 430 
15, 2,160 4.62 425 600 910 
2.0 2,880 6.16 730 1030 1550 
M% 0.623 2.0 2,880 2.10 58 74 112 
4.0 5,760 4.21 192 270 410 
6.0 8,640 6.31 410 570 870 
8.0 11,520 8.42 700 980 1480 
10.0 14,400 10.52 1050 1470 2230 
34 0.824 2 2,880 1.20 14 19 29 
4 5,760 2.41 50 70 105 
6 8,640 3.61 105 147 224 
8 11,520 4.81 180 250 380 
10 14,400 6.02 271 380 580 
12 17,280 7 29 380 530 800 
45) 21,600 9.02 570 800 1220 
20 28,800 12.03 970 1360 2060 
1 1.048 5 7,200 1.86 23.2 32.5 49.1 
10 14,400 3.72 84 117 177 
15 21,600 5.58 178 246 378 
20 28,800 7.44 301 420 640 
25 36,000 9.30 455 640 960 
30 43,200 PUKS 640 890 1350 
35 50,400 13.02 850 1190 1800 
40 57,600 14.88 1090 1520 2300 
14% 1.380 5 7,200 L067 6 8.4 12.7 
10 14,400 2.14 21.8 30.5 46 
20 28,800 4.29 79 LiL 168 
2D 36,000 5.36 119 166 251 
30 43,200 6.43 169 235 358 
35 50,400 7.51 223 312 470 
40 57,660 8.58 285 400 610 
50 72,000 10.72 432 600 920 
60 86,400 12.87 610 850 1290 
70 100,860 15.01 810 1130 1700 
80 115,200 17.16 1030 1450 2200 
1% 1.611 10 14,400 LST 10.2 14.3 BART 
20 28,800 3.5 37 52 78 
30 43,200 4.72 78 110 166 
40 57,600 6.30 133 188 281 
50 72,000 vay h 202 284 428 
60 86,400 9.44 281 396 600 
70 100,800 11.02 376 530 800 
80 115,200 12.59 480 680 1020 
90 129,600 14.17 600 840 1260 
100 144,000 15.74 730 1020 1540 
110 158,400 17.32 870 1220 1840 
120 172,800 18.90 1020 1430 2170 
2 2.0 20 28,800 2.04 12.9 18.2 27.9 
40 57,600 4.08 46.8 66 99 
60 86,400 68 99 139 210 
80 115,200 8.17 169 237 258 
100 144,000 10.21 256 358 540 
120 172,800 12.25 360 500 760 
140 201,600 14.3 479 670 1020 
160 230,400 16.34 610 860 1290 
180 259,200 18.38 760 1070 1620 
200 288,000 20.42 920 1290 1960 
220 316,000 22.47 1110 1540 2340 


1620 HYDRAULICS Sec. 27. 


over them by hydraulic pressure. The resulting joint has an efficiency of 


f 100 per cent. in place of 72 per cent. for a double- 


os riveted seam, but the joint is usually figured for 90 per 


Wee : ake: 

“a K cent. efficiency. Carrying capacity is greater than 
riveted pipe on account of absence of rivet heads. 

Fie. 65.—Lock bar 


for steel pipe. Coating. Steel pipe has a shorter life than cast-iron pipe 

and is liable torust and pitting. It is therefore dipped in hot 

asphalt solution or is galvanized, which both protects the pipe and renders the joints 
tighter after calking. 


Carrying capacity of steel pipe. Riveted pipe has a rough interior due to 
projecting rivet heads; these cause eddy currents and increase pipe friction. 
It carries 10 to 15 per cent. less water than cast-iron or lock-bar pipe. Hazen- 
Williams formula with C = 110 may be used for new pipe and C = 95 for 
pipe in service several years. Values of Chezy constant for new and old pipe 
are given in Table 27. 


diam. in inches X pounds pressure. 

2 X 16,000 X efficiency of joint 
16,000 Ib. per sq. in. gives a factor of safety of 3.5. _ The efficiency of a single-riveted joint 
a 55 per cent.; double-riveted lap joint, 72 per cent.; lock-bar, 90 per cent. Due allow- 
since must be made for water hammer and deterioration. 


Thickness of steel pipe = A working stress of 


Wood-stave pipe is much used in localities where lumber is cheap and steel 
and concrete difficult to obtain. It is usually built with diameter greater 
than 24 in. and for pressure heads of 20 to 250 ft. The pressure should be 
sufficient to keep the wood saturated. CoNTINUOUS WOOD-STAVE PIPE is 
built in place, the lower half being assembled in a cradle and the upper half 
assembled over a pipe ring. Staves break joints and end connections are made 
water-tight by the use of a steel tongue which fits into saw kerfs in each stave. 
Staves are held together by steel bands; these are not tightened until the 
wood is thoroughly saturated. Stravus are from 114 to 2% in. thick and 6 
to 8 in. wide. They are cut with true cylindrical surfaces and radial edges. 
Banps are 3¢ to 34 in. diameter and are designed and spaced to carry total 
hoop tension due to pressure in addition to swelling pressure of the wood. 
This latter may be assumed at 100 lb. per sq. in. MacHINE-BANDED PIP is 
cut and banded in the shop and pipe lengths are joined with standard cast- 
iron or special fittings. Staves are made with tongues and grooves and band- 
ing is a continuous wire wound on under high tension. Flat bands are also 
used. 


ADVANTAGES of wood-stave pipe are ease of transport, easy curves made without special 
fittings, high carrying capacity, relative cheapness and durability. Kutter, n = 0.009 to 
0.011; Hazen-Williams, C = 120. 


Reinforced-concrete pipe comes in diameters of 2 to 10 ft. and lengths of 
3 to 5 ft. Large diameters are generally poured in place. The pipe is usually 
reinforced longitudinally with stee! bars and transversely with spiral wire, 
wire mesh, or steel bands, to resist the total hoop tension. When the pipe is 
not poured in place, longitudinal reinforcement is designed to provide inter- 
locking of adjacent sections so that when the cement joint is made a con- 
tinuous pipe results. Reinforced-concrete pipe is usually employed for con- 
duits and for pipe under low heads although reinforcement can be designed 
for any desired pressure. THICKNESS OF CONCRETE averages one inch per foot 
of diameter, being slightly greater for small sizes, 
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30. Flow in open channels 


Open channels include flumes, conduits, canals, rivers, and closed pipes 
when the latter flow partly full. Friction nEap appears as a drop in water 
surface, not as a loss of pressure; the drop in a given length is just equal to the 
head required to produce flow through that length. The condition is analo- 
gous to that of a pipe line laid on its hydraulic gradient. Flow in existing 
channels is measured directly when possible; in designing channels and in 
determining flow where direct measurement is impracticable the Chezy for- 


mula v = CV RS is used. Values of C for a wide range of conditions are 
given in KuTTHR’s FORMULA, 

0.0028 1.81 

nie eee) 

S B\ 72 


0.0028 n\’ 
Penne fare) 


and BaZzINn’s FORMULA, 
C 


oF eGed5S 
SAT N/V/R 
Values of C depend in both cases on the roughness of the channel and on the 


hydraulic radius R; Kutter also introduces the slope S. His formula is most 
used in this country. : 


Value of coefficient of roughness in Kutter and Bazin formulas 


CHANNELS OF UNIFORM SECTION Kutter, 2 Bazin, N 

Well-planed: timber, evenly laid. . 0.0% 1. cede ca en 0.009 
INigatacenient RDESCEDIDe Py csee pacts lite acd toned rey aise thistle oebacerstd 0.010 0.11 
@ement, one-third |sand**‘smooth pipess...5. 5.4.0 4.0. Mee les 0.011 

Wnplaned timber; ordinary. pipe.) sioe. etna Oe) Powe 0.012 

Ashlar? ‘brick work; new SCWEr PIPE.) . 6... .64 fees ee ee oe 0.013 0.29 
Ordinary brick work and sewers; foulpipe................. 0.015 
Rubblesmasonry,; rough concrete ja. Sa wesse «b= os een at ne 0.017 0.83 

CHANNELS OF NON-UNIFORM SECTION 

Canals in firm gravel, section nearly uniform............... 0.02 1.54 
Earth canals and rivers free from large stones and weeds. . .. 0.025 Pe GXs) 
Canalssand “rivers ini bad -ordera-poicie pike eae Pe ee ce oh 0.03-0.04 3.42 


Limitations of Kutter’s formula. Since the formula was designed to cover a wide range 
of conditions, considerable error is to be expected. For hydraulic radii greater than 10 ft., 
for velocities greater than 10 ft. per sec., and for slopes less than 0.0001, the formula should 
be used with caution. If the slope exceeds 0.001, the value of C for S = 0.001 may be used 
with an error less than the probable error from the formula. Great refinement is unneces- 
sary since an error of 0.001 in the selection of the roughness coefficient » may change C 
5 to 17 per cent. The value of the formula depends largely on the proper selection of coeffi- 
cient n; for smooth flumes and conduits, cleaned periodically, an error of 5 per cent. is to be 
expected; for canals and rivers in bad order, the formula is but a rough approximation. 


Open-channel flow diagrams greatly facilitate the use of IXutter’s compli- 
cated formula. ‘Tables are also prepared giving values of C for all values 
of R, S and n found in ordinary practice. One of the best diagrams, prepared 
by Kennison, is given by Fig. 66. 


To find velocity when the hydraulic radius, slope and roughness coefficient are known 
enter the lower part of the diagram on the horizontal line representing the value of R, 
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follow this line to the intersection with the given value of n, thence vertically to intersection 
with the assigned slope line; a horizontal line through this latter intersection determines 
the velocity. 

Example 1. Given R = 3 ft., n = 0.015, S = 0.0005, find velocity. Enter at R = 3, 
proceed to intersection with n = 0.015. Project vertically from this point to line S = 0.0005 
(marked 0.5). This point is on the horizontal line » = 4.7, which is the result required. 

Example 2. An unplaned timber flume 2 ft. wide and 1 ft. deep is required to supply 
10 cu. ft. per sec. What slope is necessary? v = g/a = 5ft. persec. R = 2/4 = 0.5 ft.; 


Fie. 66.—Diagram for Kutter formula (after Kennison) 


S 
; 3 0 : 
The intersection of S$ Ve25 LAP ty HA Ze ee 
oe SZ 10=V 
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is vertically over the 23 4 rm) q r a 
intersection of 20 Mee bs 
1 (Coefficient of Roughness) 18 we 
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1 5 a y 
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n for unplaned timber = 0.012. Vertical from intersection of R = 0.5 and n = 0.012 
intersects line » = 5 on line S = 0.006 (marked 6) which is the necessary slope. For small 
values of S, as 0.00001, the position of the line representing S varies with the value of n. 


Design of open channels. The Chezy formula shows that velocity increases 
as R increases. The constant C also increases with R, so that v varies nearly 
as R%, Hence for a given discharge, that cross-section should be used which 
makes / maximum. ‘This condition also makes the perimeter and area of 
the channel a minimum. A SEMI-ciRCLE meets these requirements hence a 
semi-circular channel will discharge more water than any other form, for given 
values of area, slope, and degree of roughness. 


Figure 67 shows the channels having the most advantageous elements. The depth of a 
RECTANGULAR FLUME should be one-half the breadth. This gives the least value of perimeter 
p hence the least cost for the flume and also the least area for given discharge, hence the least 
cost for excavation. The best TRAPEZOIDAL SECTION is one-half hexagon. If the side slopes 
are fixed by the nature of the soil, they should be tangent to a circle of radius d as in Fig. 67. 
The foregoing sections are not used for UNLINED pircHES because a shallow ditch is cheaper 


to dig and maintain. Averacs peptu isd = 0.5V A whered = depth in ft. and A = area 
in sq. ft. Srpz stopps depend on the material; usual values are 1:1, 1.5: 1, and 2: 1, 
For average loam use 1.5: 1 (Fig. 67). 


My ilgsrcriga . 
Kf WL 


Rectangula: Trapezoidal Trapezoidal, 
Area A= bd=2d* . A=8d' tan 30° fixed side slope 
Vetted perimeter P=b+2d P=6dtan 30° A=0.5Pd A=bd+15d* 
lydraulic radius R=05d R=05d R=0.5d P=b+2d+sin0 


Fie, 67,—Best cross-sections for channels. 


Velocity of water should be great enough to prevent deposits of silt and growth of 
weeds but should not be sufficient to erode the bottom of the channel; 2 ft. per sec. will 
prevent deposits. The following values of mean velocity are safe against erosion (Pee’e): 


Very light loose sand......... 1.0 to1.5 Conglomerate, cemented 
Average sandy soil........... 2.0 to2.5 gravel, soit. rock... ...... 6.0to 8.0 
Average loam or alluvial soil.. 2.75 to 3.0 WEE TOC meat neh tire hin ace 10.0 to 15.0 
Stiff clay or ordinary gravel... 4.0 to 5.0 Concrete, water carrying 
Coarse gravel, cobbles........ 5.0 to6.0 COAT SO SatlG cree cscus dee ae EO GOL O) 
Concrete, water carrying fine 
£512 106 bese ech ctepes Pace sie teen eae 15.0 to 20.0 


The usual velocity for ditches is 2 to 3 ft. per sec., which requires a slope of 3 to 7 ft. per 
mile. If the available slope is greater than this, the ditch must be lined or else a series of 
vertical drops introduced. These drops may be wooden or concrete weirs or ramps. The 
ROUGHNESS COEFFICIENT for unlined earth ditches is usually taken n = 0.0025. 

Seepage losses in earth ditches may be as high as 25 per cent.; they may be reduced 
or almost elimivated by linings, which also permit greater velocity and prevent weed growth. 
Liyines may be puddled clay, road asphalt, or 2 to 4 in. of concrete, placed in position with- 
out forms on slopes 1:1 or less. Concrete practically eliminates seepage. 

Uniform cross-section is desirable; any change in section causes loss of head by 
impact and reduces flow. A smooth channel with small changes in section should be 
regarded as a rough channel in selecting a coefficient of roughness. 

Example 1. Design an unplaned timber flume to deliver 20 cu. ft. per sec. with a slope 
of 0.001. 

For the most economic section, b = 2d, A = 2d2, R = 0.5d, n = 0.012. Use Fig. 
66 with trial values of d; for values of d = 1.5, 1.6, and 1.7 the velocities are 3.3, 3.5, 
3.6, giving discharges of 15, 17.8, and 20.8 cu. ft. per sec. Therefore a flume 17 X 34 in. 
will give the desired flow. 

Example 2. Design a ditch in average soil with end slopes 1.5 : 1 to discharge 100 cu. ft. 


per sec. 
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Assuming safe velocity = 2.5ft. per sec., the area must be 40 sq. fie 0.5V A, 


ea 
= 3.2 ft.; A = bd + 1.5d2, hence b = 7.7 ft. Wetted Perimeter Py= bare = 19.16 ft. 


R = A/p = 2.09 ft. Required slope (Fig. 66), is S = 0.0007 or 3.7 ft. per mile. 


31. Gaging flow in channels 


A weir should be constructed for SMALL STREAMS. If a weir or dam does not 
exist and construction is not feasible, velocity is generally measured by use of 
FLOATS or by a CURRENT METER. Calculation based on the Chezy formula 

involves measurement of minute differences of 


SEKESY SS elevation and arbitrary choice of roughness coeffi- 


) 5 cients, hence this method is not recommended 
unless all others fail. 
ST Distribution of velocity. Velocity is least at 


the sides and bottom of the channel and maxt- 
mum at the deepest part a little below the sur- 
face. (Fig. 68.) (a) shows contours of equal 
velocity, (b) shows velocity variation in a~ horizontal plane, (c) shows the 
corresponding curve for a vertical plane passing through the point of maxi- 
mum velocity. The MEAN VELOCITY, v = q/A, is the average of the veloci- 
ties of all small filaments in the cross-section. 

Stream gaging. To measure the discharge directly the velocity must be 
determined at many points. Plot the transverse 
profile of the stream bed and divide it into a series 
of small areas (Fig. 69). Calculate the area and 
measure the mean velocity for each section. If 
the areas are Ai, Ao, A3,..., and the correspond- 
ing velocities v1, V2, V3, ... , discharge g = Aiwi + Aovs, ete. 


Fig. 68.—Distribution of 
velocity in stream channel. 


d, a, 
pe Us! aya, | Oey 
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Fig. 69. 


SurRFACE FLOATS are used for rough field work. The time of passage over a given course 
is observed and the average velocity taken as 0.8 times the maximum surface velocity. 
The average velocity in any vertical is 0.86 times its surface velocity. These figures are 
subject to much variation; the mean velocity may be 90 to 95 per cent. of the surface 
velocity, hence surface floats are valuable chiefly as a check on other methods and may be 
10 to 20 per cent. in error. Rop FLOATS are wooden sticks weighted on one end, or hollow 
tin cylinders loaded at one end with sand so as to float vertically, nearly touching the bottom 
and projecting about 6 in. above the surface. Rod floats are very accurate in a channel of 
uniform cross-section, e.g., a lined conduit. If the float nearly touches bottom its velocity 
will be average for a given vertical. If the section area is divided into small areas and the 
velocity of each found by a rod float, the discharge may be found with an error of 5 per cent. 
or less, but this requires nearly uniform cross-section. Float measurements are laborious 
and have the added objection that it is often difficult to find any considerable stretch of 
stream that has approximately uniform section area. 

The best method of measurement, aside from a weir, is by CURRENT METER (Art. 32). 
The U.S. G. 8S. gives the following four methods of procedure: 

(1) Measure velocity at equal intervals of 10 to 20 per cent. of the depth in any vertical, 
plot the vertical velocity curve, and obtain the average velocity graphically. 

(2) Measure velocity at 0.2 and 0.8 times depth and average these results for the mean 
velocity. ? 

(3) Measure velocity at 0.6 times depth and consider this the mean velocity. 

(4) Measure velocity 0.5 to 1 ft. below the surface and multiply by a factor ranging from 
0.78 to 0.98, using 0.85 to 0.90 for ordinary stages of flow. 

Method (1) should be adopted for precise work. Methods (2) and (3) are based on the 
assumption that velocity distribution is normal and that the velocity curve is a parabola. 
Experimental results justify these general assumptions; if, in a given case, the velocity 
distribution departs widely from the normal, (2) and (3) will be correspondingly in error, 
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32. Gages and meters 


Float gage (Fig. 70) is the best instrument for measuring the elevation of a 
water surface. The float is a hollow box of non-corrosive metal, either spherical 
or cylindrical with a conical top and bottom; it is attached to a rigid vertical 
rod carrying an index mark which is guided along a vertical scale, or else the 
rod actuates an automatic recording mechanism. 
For accurate work the float is placed in a vertical 
pipe or stilling box about 1 in. greater in diameter 
than the float itself. Lateral motion is prevented 
by fins. If the pipe is capped on the bottom and 
small holes are made in the side to allow equaliza- 
tion of level, minor wave and surge action is sup- 
pressed. For large changes in level, the float is 
attached to a light metal graduated tape which 
winds about a drum provided with a suitable coun- 
terweight; the drum may actuate a pointer or a 
continuous recording mechanism. 

Hook gage (Fig. 71) isa metal hook on the end 
of a graduated rod, equipped with vernier scale and 
slow motion screw. It is operated by submerging Fic. 70. Fre. 71. 
the hook and then raising it until a protuberance pPoat gage. Hook gage. 
or pimple appears on the water surface. The hook 
is then depressed until the pimple just vanishes. The Vernier scale usually 
reads to 0.001 ft. but precise instruments read to 0.0001 ft. Under favorable 
conditions readings to 0.0002 ft. may be obtained. 

The hook gage is usually employed for measurement of the head on a weir; for this purpose 
it is placed in a stilling box connected to the channel of approach some distance back of the 
crest. The connecting pipe is set at right angles to the current or else is perforated to 
eliminate velocity head. The zero reading is obtained by precise leveling. An approxi- 
mate method is to read the gage when water just trickles over the weir. 

Open liquid column or piezometer tube (Fig. 72) is the simplest device for 
measuring pressure head. Mercury is used for high pressures; water or light 
oil for small gas pressures. Readings should be taken tangent to the middle 
point of the meniscus. Tubes should be 3% in. or more in diameter to avoid 
errors due to capillarity. 


Lereue 


Water 


ha=z-gy = hegu-% 


Fic. 72.—Piezometer tubes. Fia. 73.—U-tubes. 


Open U-tubes are used to measure small pressures both above and below 
atmospheric pressure. (In Fig. 73, g = specific gravity of the liquid in the 
tube.) Any liquid that does not react chemically with the substance gaged 
may be used. If applied to gas pressures, z = 0. 

Hydraulic pressure gages are also available built on the principle of the Bourdon steam 
gage and of the ancroid barometer. 
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Differential gages (Fig. 74) measure differences in pressure only, such as the 
pressure loss in a pipe line due to a valve or obstruction. The mercury gage 
consists of a U-tube containing mercury with upper ends of the tube con- 
nected to vessels under pressure. Difference in pressure at (A) and (B) is 
indicated by difference in weight of a column of mercury and a column of 
water each y ft. in height. ha — hy = 13.57yh — y = 12.57y. An OIL GAGE 
is used for small differences in pressure. If the specific gravity of the oil is 
9,ha —~hy = (1 — g)y, 


Mercury gage Kerosene-oil gage 
hah, =12.57y ha-ho=0.21y 


¥ia. 74.—Differential gages. Fra. 75.—Venturi meter. 


Venturi meter (Fig. 75) is an accurate and easily constructed device for 
measuring flow in pipes and closed conduits with any diameter. Two hollow 
truncated cones having the same base diameter are inserted in the pipe line; 
piezometer tubes are connected at the entrance and at the contracted section 
or throat; the pressure difference at these points is an indication of discharge. 

By Bernouilli’s theorem for frietionless flow in a horizontal tube, the sum of pressure 


head and velocity head is constant. Hence hg + 2g2/2g = hp + vp2/29. The product of 
velocity and cross-section area is also constant, hence if K be the ratio of large to small 


ha — hp)2 
diameter = Da/Dp, then » = K20q, and ha — hy = (K4 — 1)0q2/2g or vg = (ha = ho) 29 


2 
Introducing a constant C to allow for friction losses, discharge g = co a 


4 

CxDe? 2 “% 
q= Wass + V 2g(ha — hp). For any given meter this becomes g = aH” where a is a 
constant and H is the difference in head in feet, obtained usually by the use of a mercury 
differential gage. The value of C varies from 0.96 to 0.98 and the head lost in passing the 
meter is from 10 to 15 per cent. of the difference in head hg — hp. The ratio of pipe to 
throat diameter varies from 2 to 4, the larger values being used for low velocities, since in 
this case greater relative increase of velocity at the throat is necessary to give a reading of 
required sensitiveness. Care must be used that the pressure at the throat does not fall 
much below atmospheric; preferably it should be positive. 

Venturi meters are built in standard-pipe sizes up to diameters of 60-in. They are of 
cast iron with bronze throat pieces and have interior surfaces highly polished. The expand- 
ing cone is about three-times the length of the contracting cone to avoid losses in impact. 
Piezometer connections are made to annular pressure chambers which surround the throat 
and entrance and are connected to the interior by a series of holes spaced equally about the 
circumference. Large meters are built of steel, wood stave, and reinforced concrete. 
Those of the CarskinL WarreR System are of the latter type with bronze throat pieces. 
Diameters are 210 in. and 93 in. and capacity 650,000,000 gal. per day: Builders Iron 
Foundry Co. of Providence, R. I., build meters for diameters of 2 to 60 in., equipped with 
an automatic recording mechanism operated by floats which are supported by the mercury 
columns of a differential gage. 

Example, Find a suitable ratio of diameters for a Venturi meter on a 24-in. pipe line 
discharging 16 cu. ft. per sec., if the location of the meter is 20 ft. below the hydraulic grad- 
ient. 

The head at the throat is to remain positive. vq = 16/7 = 5.1. ha — hy = 20 ft. = 
(K4 — 1)vq? /29, hence K = 2.66. Adopting the ratio K = 2.5 and assuming © = 0,97, 
the discharge becomes g = 3.95 X RY, 
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Pitot tube is an instrument for measurement of velocity by means of the 
dynamic pressure of a jet. If a curved tube (Fig. 76) is placed in a jet with the 
plane of its orifice normal to the direction of flow, water will rise in the tube 
to a height h which varies directly as v2. Theoretically the impulse of the jet 
should balance the head = v?/2g but experiments show that h = Cv?/2g or 
y= OV 2gh where C is very nearly unity; h is hence a direct measure of 
velocity head. The Pitot tube is used in pipes under pressure by employing 
two tubes, one the impact tube, and the other a tube set to record static 
pressure only. If h is the difference in head, v = OV 2gh, and if the pressure 
tube has an orifice flush with the wall of the pipe C is unity. 


& 
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¥Fia. 76.—Pitot tubes. 


The commercial form of tube combines impact and pressure tubes in a single brass rod, 
preferably of stream-line form (Fig. 77). In such a tube the pressure openings do not 
record full static pressure because of disturbance produced by the presence of the tube, 
hence C is less than unity and depends on the relative positions of the impact and pressure 
openings; for Fig. 77 it varies from 0.84 to 0.88. For precise work the tube should be 
calibrated by moving it through still water at known velocity or by placing in a stream of 
known velocity. 

PiroTMETER is a recent form of instrument which uses two Pitot tubes, one facing up 


and the other down stream. v = 0.84\/2gh. Difference of head is measured by a differ- 
ential gage using a mixture of gasolene and carbon tetrachloride with specific gravity 1.25 
to 1.5. The instrument is equipped with a photographic recording device. 

Use of Pitot tubes in pipes. Distribution of velocity in pipes is shown by Vig. 78. 
The velocity curve for normal distribution is a semi-ellipse; the mean velocity is 0.83 X the 
center velocity. Jf a straight pipe, 50- 
diameters or more in length, without ke Wall velocity>| 
valves or other obstructions, is obtain- : 
able, normal distribution of velocity may 
be assumed and discharge computed from \ 
measurement of the center velocity. For a 
sreater precision a complete traverse of } 
the pipe cross-section is necessary. The 
section is divided into ten concentric 
sircles that divide the area into tenths. 
The impact opening of the tube is placed Fig. 78.—Velocity distribution in pipe, 
on the circumference of odd-numbered 10-point method of sectioning. 
sircles and ten readings obtained. Since 
sach velocity represents one-tenth area, the mean velocity is the average of the read- 
ngs. Traverses should be made on two diameters at right-angles. 


Current meter consists of a small wheel-like screw or water wheel which, 
vhen placed in a flowing stream, revolves due to the dynamic action of water, 
ts angular speed depending on the velocity in the neighborhood of the pomt 
yf immersion. The wheel is equipped with a rudder, weights, and rod or 
ruy rope for holding at the desired position in the stream. Revolutions of 
she wheel are indicated by a make-and-break electric circuit and by revolution 
sounter. 
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PRICE CURRENT METER, used by the U. S. Geologic Survey, has five conical buckets on a 
vertical shaft, supported by a frame which carries a rudder. The frame is pivoted to the 
vertical brass rod, the upper end of which has an eye for attachment of a wire or cable, and 
the lower end carries a lead weight, also equipped with a rudder, to hold the meter in position. 
In shallow water the meter is attached to a graduated brass rod without weight or rudder. 
Meter is equipped with revolution counter and telephone buzzer, the latter being an indica- 
tion that the wheel is revolving properly. HasKrLL CURRENT METER has a wheel of the 
screw-propeller type revolving on a horizontal shaft. In other respects it is similar to the 
Price meter. 

Calibration of a current meter. While it is possible to ecnstruct a meter for which the 
revolutions are proportional to the velocity, no such assumption can be made. Every 
instrument must be calibrated individually and at frequent intervals, especially after tight- 
ening or loosening a screw. The meter is calibrated for the desired range either by moving 
it through still water at the desired velocity or by holding it in a stream whose velocity is 
known. Rough calibration can be performed by holding the meter just below the stream 
surface and obtaining the velocity by surface floats. This introduces all the inaccuracies 
of surface-float measurements. Comparison of meter readings with those obtained from 
rod floats or a Pitot tube is good. 


33. Water supply 


Consumption of water in American cities averages about 100 gal. per day 
per capita; the range is from 30 to 200 gal., depending on supply, percentage 
metered, and nature of industries. Maximum daily consumption may exceed 
the mean 40 to 50 per cent.; maximum hourly consumption is determined 
largely by fire service and may be three times the mean daily average. In 
mining communities and in isolated plants consumption is determined by mill 
requirements; in dry or arid regions it is fixed by the amount of water avail- 
able. 

Rainfall and evaporation vary with the locality and vary greatly for the 
same locality from year to year. U.S. Weather Bureau records give the fol- 
lowing values of mean annual rainfall over a period of nearly 30 years: Vicks- 
burg, 53.8; New York, 48.7; Chicago, 33.4; Omaha, 30.8; Helena, 13.3; 
Yuma, 2.7. 


Table 32. Variation in rainfall for the same locality 


i Highest 7 | Lowest 5 M 
Tocatity Yearly Maximum | Minimum | consecu- consecu- | ; se 
average year year tive tive peractstor 

months months ite 
BS GSCOMn tact ian caste 45.3 (sveewe 27.2 47.9 7.9 49 
Croton, Ney... 49.0 63.7 36.9 46.8 10.8 54 
Philadelphia..... 42.6 61.2 29.7 47.7 8.1 54 
Atlanta... ...... 49.2 65.0 33.0 D2 ule Sad 61 
Pittsburgh....... 35.8 50.6 25.3 38.3 6.8 53 
DwUlUth eee aes 29.5 45.3 18.1 38.4 2.9 39 
DCR GR ou aiis a basis 14.3 23.0 8.5 19.1 digeh 51 
IP NOCTU Key, aba tiie ate 7.4 LON, 3.8 13%6 0.0 70 


Table 32 shows the necessity of having records extending over a period of 
years. 


Evaporation depends on the quantity and distribution of rainfall, temperature, baro- 
metric pressure, and nature of vegetation. For New Jersey Vermeule (U. S. Geol. Surv. of 
N. J., 1894, vol. 3, p. 76) gives H = F(15.50 + 0.16R) where H = yearly evaporation in in. 
1s (0.05T — 1.48), T = mean yearly temperature, deg. F; R = yearly rainfall in, 
In arid regions evaporation may account for the entire rainfall. 


Run-off and yield. Run-off from a water-shed is the amount of water that 
reaches streams which drain the shed and is the difference between rainfall 
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and evaporation. Yreup is the collectible portion of rainfall and cannot be 
accurately computed until the following data are known; (1) catchment area, 
(2) rainfall, (3) minimum year and a series of years, (4) available storage 
capacity on streams, losses in evaporation and percolation, (5) measurement 
of actual discharge of streams. Run-off in New York and New England aver- 
ages about 45 per cent. of rainfall but the percentage may vary 100 per cent 
for the same annual rainfall. Average yield is nearly 1,000,000 gal. per day 
per sq. mile. Small watersheds give a smaller yield per sq. mile than large 
ones. For the Pacific States Gunsky determined that the run-off may be 
expressed in identical percentages of precipitation expressed in inches, 7.e., if 
rainfall is 25 in., run-off is 25 per cent. or 6.25 in.; if rainfall is 10 in., run-off 
is 10 per cent. of 10 or 1 in. 

Ground water is that part of precipitation, termed RuN-rN, which soaks into 
the ground. Sands and gravels permit large run-in, clay is nearly impervious. 
In Connecticut the run-in is 50 per cent. of the rain-fall, in New South Wales, 
2 per cent. Ground water is a source of supply to wells and springs, and to 
streams except immediately after precipitation. For the same annual rain- 
fall, the ratio between run-in and run-off is a factor of supreme importance in 
water-supply problems. A high percentage of run-in makes uniform flow in 
streams and gives abundant supply to wells; low run-in makes arid regions 
because most of the rainfall finds its way immediately to the water courses 
and is lost, unless excessive storage capacity is provided. Desert regions are 
characterized by water courses that are dry except during the period imme- 
diately after rain when the water passes off in a flood. 

Wells. The horizon below which soil is saturated is called the warmr 
TABLE. ‘This horizon fluctuates in height with the amount of rainfall and is, 
in general, parallel to, and a few feet below, the ground surface. Wells sunk 
below the level of the water-table are a source of supply, the yield depending 
on the ground water present and ease with which it can flow through the 
neighboring soil; this depends on the nature of the soil, typography of the 
country, and geologic features of the rocks. ARTESIAN WELLS are those sunk 
through the first impervious layer to lower water-bearing strata in which the 
water is under pressure. FLOW FROM WELLS can be determined only by tests 
and by records of existing wells in the vicinity. Long records are desirable 
since flow may decrease rapidly with time. 

Stream flow is the usual source of water supply. Stream-flow records cov- 
ering several years are necessary for dependable estimates of possible yield of 
aregion. When records for short period only are available, rainfall records for 
the same period should be compared with the run-off record and with the rain- 
fall record for a dry season. When no stream records are available, monthly 
rainfall records must be used, making allowance for evaporation, deep seepage, 
and other possible losses. 'To determine probable fluctuation in flow, rate of 
precipitation must be considered and ratio of run-in to run-off estimated 
from topographic features, soil, and vegetation. 

Storage is impounding of water during periods of maximum flow for use 
during dry periods. The usual method is to build a dam in a narrow valley, or a 
series of such dams on tributaries wherever natural storage sites occur. The 
storage necessary to assure any assumed continuous draft is determined 


by study of stream-flow records. 
In Fig. 79 the minimum draft can be raised from line A—B to line C—D by supplying 


storage equal to the larger shaded area representing excess of demand over supply. The 
beight of line C-D increases with the capacity of the reservoir until it equals the mean 
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annual flow minus evaporation and leakage. EvAaroraTION Losses from a reservoir are 
30 to 100 in. per annum, the high figure applying to arid regions. 

Example. Ifa hydrograph is plotted with a vertical scale of 1 = 1,000,000 gal. per day, 
and horizontal scale of 1 = 1 month, each square inch of area will represent 30,000,000 gal. 
The total storage area X 30,000,000 plus the estimated losses gives the REQUIRED STORAGE 
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Pipe lines should have sufficient capacity to maintain a discharge of 150 per cent. average 
flow. The size of distribution pipes is determined by fire-service requirements. A standard 
stream of 250 gal. per min. through 1){-in. nozzle requires a pressure of 45 lb, per sq. in. at 
the base of the tip. Higher pressures are desirable for large buildings. Hydrants should 
be located so that not more than 300 or 400 ft. cf hose is necessary in any one line, the 
pressure drop being 14 to 30 Ib. per sq. in. per 100 ft., depending on the quality of hose. 
Two or three streams should be available for any one point. Ten standard streams are 
desirable for a large building. 
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Table 1. The chemical elements (based on oxygen as 16.00) (47 ACS 597 [1925]). 


Element 


Aluminum. 
Antimony. . 


Argon..... 


Beryllium 


ge eenese 


(glucinum)....... 


Bismuth... 


Copper.... 


Erbium.... 
Huropium . 
Fluorine... 


Sad oliniym:....%... 


Gallium... 


Indium, .;. 


Magnesium 
anganese 


Sym- 
bol 


Atomic 


weight 


207 
oHl7l 
294 
.96 
.37 


-02 
-0 

-82 
9.92 
41 
81 
.07 
.00 
.25 
-46 
-O1 
94 
ssl 

.57 
2 


Valence 


ii, iii, vi 


li, iv, vi, 
vii 


Element 


Mercury........ ska 
Molybdenum...... 
Neodymium....... 
Neon). 0% Ble aie tate 
INiiekellietepee titte ktante 
Nitrogen 2%.5 ses. 
Osmiumicn eee 


Oxygen? 6. 2S. 
Phosphorus........ 


Pigtinim-nmnt ee 


UAGUTII., cette ose eee 


Samarium.~.).°.... 
Scandium. + ctstesey 
Selenwaimns. reg sca se 
Siliconan ees oe: 


Sil hur ps eso ns. te 
MPamtalumy coe <s «es 


Tiyn@atet yi chase. 
Urauuimrrs <2: 2 
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Sym-|Atomic 
weight 


bol 


-61 


Valence 


i, ii 

iii, iv, vi 

iii 

9 

li, iii 

ili, v 

ii, iii, iv, 
Vili 

ii 

li, iv 

ili, v 

li, iv 

i 

bi 

ii 

0 

ili 

i 

iii, iv, vi, 
viii 

ili 

iii 

ii, iv, vi 

iv 

i 

i 

ii 

li, dv, vi 

Vv 

ii, iv, vi 

iii 

i, ili 

iv 

iii 

li, iv 

iii, iv 

vi 

iv, vi 

lil, Vv 
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(Numbers in parenthesis indicate notes or occurrences in flow-sheets) 


A 
Abbreviations, xi 
Aberrations, 1510 
Abrasion-resistance of rocks, 433 
Abrasive, requirements, 111 
size of grains, 116 
Abscissa, 1361, 1400 
Absolute value, 1355 
Acceleration, 1419, 1549 
Accuracy (see also Errors) 
tabular computation, 1351 
Acetylene cutting and welding outfit, 1340 
Achromatic, 1510 
Actinolite, 19, 1632 
Addition, algebraic, 1355 
arithmetic, 1345 
complex numbers, 1371 
fractions (algebra), 1358 
Admiralty coal, analysis, 32 
Adsorption, 1518. (See also Flotation 
agents, Adsorption) 
by minerals, 788, 843 
electrical, 844 
gangue on sulphides, 844 
of ions, 973 
orientation of molecules, 843 
Aerial tramway, 1270 (159) 
costs, 1270, 1271, 1272 
performances, 1272 
Aero pulverizer (159) 
Agitation-froth process (see Flotation) 
Agitators, 953 
Air classifier, 942 
in graphite-finishing mill, 135 
velocity of air, 1324 
Air-cleaning plants, 941 (68). (See also 
Pneumatic concentration) 
Air elutriation, 1191 
transporting power of air, 1324 
Air hammer, 1340 
Air-lift, 1111 
air consumption, 1112, 1117 
air pipe, size, 1112 
applicability in mills, 1114 
capacity, 1116, 1117 
cost, 1287 
efficiency, 1113, 1114, 1117 
foot-piece, 1112 
losses, 1114 
performance, 1115, 1116 
pipe, size, 1112, 1113 
power, 1116, 1117 
pressure, 1111 
slippage, 1114 
starting, 1287 


Air-lift, submergence, 1111, 1117 
tailing disposal, 1287 
velocity of liquid, 1112, 1117 
volume of air, 1112 
vs. bucket elevator, 1114 
vs. centrifugal pumps, 1116 
Air resistance, 1550 
Air-sand process, 943 
Air, saturated, properties, 1508 
Akins (see Gross, Akins and Bucher) 
Akins classifier, 611, 1335 
Alaska Gastineau Mining Co., 
crushing plant, 241 
flow-sheet, 124 
water supply, 1278 
Algebra, 1354 
Allen cone, 591, 1335 
Allen, film-flotation patent, 785 
Allen and Reid, pneumatic 
machine, 815 
Allen’s experiments on settling, 551, 552 
Allingham, pneumatic flotation, 814 
Almandite, 115, 1632 
Aluminum, 14 
Alundum, 111 
Amalgam, 196, 959 
coal, 903 
melting, 961 
Amalgamation, 959 
aids, 961 
clean-up, 960 
loss of mercury, 960 
plates, 959 
vs, cyanidation, 867, 961 
vs. flotation, 867 
Amber, falling velocity in water, 552 
American—Boston Mining Co., flow-sheet, 
138 
American filter, 1008 (167) 
capacity, 1009, 1011 
life of cover, 1009 
performance, 1009 
American Graphite Co., flow-sheet, 135 
American jig, 711 
American Metal Co., molybdenite mill, 198 
American Smelters Securities Co., area of 
mill building, 1298 
flow-sheet, 188 
American Zinc Co. of Tennessee, flow-sheet, 
158 
Ammonia leaching (see Hydrometallurgy) 
Amortization, 1490, 1492 
Amosite, 19, 1632 
Ampere turns, 907 
Amphibole, 19, 1632 
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Anaconda classifier, 573-578 
Anaconda Copper Mining Co., area of mill 
building, 1297 
flow-sheet, 52 
Anaconda mixer, 1177 
Analytic geometry, 1399 
Anchor mine, flow-sheet, 204 
Anchor ring (see Torus) 
Andradite, 115, 1632 
Angle, 1394 
complementary, 1390 
difference, functions of, 1398 
dihedral, 1383 
face, 1384 . 
functions in any quadrant, 1395, 1396 
half, functions of, 1398 
measurement, 1378, 1395 
multiple, functions of, 1397 
of any magnitude, 1394 
polyhedral, 1384 
products, functions of, 1398 
relation between functions, 1396 
spherical, 1383 
sums, functions of, 1398 
Angle of contact, 780, 1518 
Angle of friction, 1039 
bin fillings, 1038 
moist tailing, 1285 
Angle of repose, 1036. 
angle) 
bin fillings, 1037 
coal on bright steel, 519 
loose earth, 1588 
ore on bright steel, 519 
wet sand, 1283, 1285 
Angles, steel, 1595 
properties, 1595, 1596 
Anglesite, 150, 1632 
Annuities, 1375 
table, 1490 
Annulus, 1386 
Anode, 1515 
Anthophyllite, 19, 1632 
Anthracite, 31 
allowances of slate and bone, 52 
analysis, 32 
breakage, 52 
breakers (see specific flow-sheets) 
cost, 42 
distribution of products, 49, 50 
general discussion, 52 
labor in, 42, 48, 53 
power, 54 
water consumption, 54 
handling, 52 
preparation, 39 
prices, 38 
sizes of market grades, 38 
spiral, 937 
Anti-gravity screen, 538 
Antimony, 16 
penalty, 220 
Aplanatic, 1510 
Apochromatic, 1510 
Appelquist and Tyden, cascade machine, 
818 
Applied mechanics, 1562 


(See also Sliding 
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Apron conveyor (see Conveyor) 
Apron feeder, 1118 (57, 156, 235, 241) 
Arch, elliptic, 1408 
parabolic, 1405 
Archimedes’ principle, 1599 
Archimedes’ spiral, 1387, 1413 
evolute, 1420 
Area, by integral calculus, 1430 
plane figures, 1384 
Simpson’s rule, 1387 
solids, 1387 
surface of revolution, 1430 
units, 1496 
Argentite, 75, 119, 1632 
Arithmetic, 1345 
mean, 1369 
Arkansas Diamond Corp., flow-sheet, 110 
Armstrong, counter-current froth overflow, 
813 
Arrastre, 484 (24) 
Arsenic, 18 
penalty, 220 
Arsenopyrite, 18, 1632 
Arzinger, cascade machine, 817 
Asbestos, 19 
sheathing, 1294 
Ash, free, 55 
in coal, 34 
in washed bituminous coal, 71, 73 
reduction, 1250 
reduction in bituminous-coal washing, 54, 
aa 
size distribution, 55 
Ashlar masonry, 1586 
Assay, counting, 1249 
specific gravity, 1246 
ton, 1144 
vanning, 1212 
Assaying, accuracy, 1125, 1126, 1127 
bibliography, 1125, 1181 
sample weight, 1124 
with vanning plaque, 1212 
Assays of feed and products at mills (see 
flow-sheets of specific mills) 
Astroid, 1412 
Asymptote, 1409 
Atacamite, 75, 1632 
Atom, 1514 
Atomic weights, 1631 
Atmospheric pressure, 1597 
Atwood’s machine, 1550, 1556 
Average size of rock particles, 1197 
formulas for, 1198 
size of a particle, 1197 
uniformity, 1200 
Avicaya mill, flow-sheet, 205 
Axes of co-ordinates, 1399 
Ayers picker, 937 
Azurite, 75, 1632 
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Bacon, differential sulphidization, 892 
flotation of coal, 903 
sulphide filming, 897, 898 

Bag house, 1324 

Balata belt, 1059 
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Ball mill, 345 (101, 159) 

ammeter control, 408 

attendance, 350, 354, 368 

bail consumption, 95 (note m), 96, 350, 
354, 368, 384, 423, 424, 470, 471 

ball load, 345, 347, 350, 354, 367, 368, 399, 
401, 403 

ball prices, 384 

balls, 347, 350, 354, 368, 399 

balls, shape, 400 

balls, size, 348, 399, 403 

capacity, 350, 353, 354, 359, 367, 368, 387, 
388 

center-discharge type, 345 

circulating load, 392 

closed-circuit arrangement, 408 

comparison of ball mills, 367, 380 

competitors, 409 

conical, 366, 1334 (96, 101) 

conical vs. cylindrical, 367, 470 

cost of erection, 1333 

cost of grinding, 99 (note k), 409, 423, 472 

crane service, 408 

cylindrical vs. conical, 367, 470 

diameter, 405 

differential grinding in, 364 

drive, 349 

Fairchild mill, 358 

feed, kind, 392 

feed rate, 388, 389, 390 

feeder, 348, 350, 354, 368, 408 

Ferraris mill, 413 

floor space, 408 

grate consumption, 354 

grate mill, 353 

grate mill vs. overflow mill, 363 

grate opening, 406 

grates, 353, 354, 357 

head, 346 

heat generated, 407 

Herman mill, 413 

Kominuter, 413 

Krupp mill, 208, 312, 411 

laboratory, 1225 

length, 405 

liner consumption, 95 (notes i, m), 347, 
350, 354, 368, 385, 423, 424 

lining, 346, 350, 354, 368, 399 

lost time, 350, 354, 368 

lubrication, 350, 354, 368, 408 

maintenance, 386 

manufacturers, 359 

mechanics of, 381 

moisture in mill, 350, 354, 368, 396 

motors, 353 

moying pictures, 383 

open- vs. closed-circuit, 391 

operation, 387, 408 

overflow type, 345 

overflow type vs. grate type, 363 

peripheral-discharge mill, 353 

performance, 350, 351, 354, 358, 367 (see 
also flow-sheets, Sec. 2) 

power, 94, 104, 345, 350, 353, 354, 359, 
367, 368, 396, 407 

price, 1333 

quick-discharge (see grate mill) 
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Ball mill, effect, 363 
re-lining, 350, 354, 368 
Schmidt Kominuter, 413 
selection of, 408 
shape, 405 
shell, 345 
ship-lap liner, 346 
size, 345, 367 
size of balls, 348, 399, 403 
size of feed, 94, 350, 354, 368, 395, 422 
size of product, 350, 354, 368, 390, 394, 
396 
slip, 383 
slope, 406 
speed, 345, 351, 354, 368, 402 
stage reduction in, 391 
starting, 349, 408 
trunnion, 349, 408 
trunnion bearings, 346 
trunnion liners, 346 
voids in ball load, 347 
vs. conical pebble mill, 470 
vs. disk crushers, 409 
vs, Other intermediate and fine grinders, 
409, 470 
vs. rod mill, 422, 470 
vs. rolls, 409 
vs. stamps, 343, 409 
vs. tube mill, 470 
wave liner, 346 
wear of balls and liners, 384 
wedge-bar liner, 346 
weight, 345, 367, 1333 
weight of ball charge, 401, 403 
wet vs. dry grinding, 399 
Ball—Norton magnetic separators, 913, 914, 
915 (144) 
belt-type vs. Dings—Roche, 930 
Ball-pebs, 434 
Ballast, price, 1288 
Ballistic pendulum, 1556 
Ballot (see Salman, Picard and Ballot) 
Band saw, 1340 
Barite, 22, 1632 
Barker, oil-feed patent, 862 
Barley coal, 38 
Barry tube-mill lining, 428 
Barton Mines Corp., 115 
Bartsch round-table, 665 
Batea, 639 
diamond washing, 110 
Bates, flotation of coal, 903 
Baum jig, 700 
Baumé seale, 1499 
Bauxite, 14, 1632 
Bazin formula, 1605, 1621 
Beams, 1572 
bending moment, 1572, 1574, 1575 
cantilever, 1572 
connections, 1592 
constrained, 1572, 1577 
continuous, 1572, 1577 
deflection, 1574, 1576 
design, 1575, 1576, 1592 
end-reactions, 1572 
flexure formula, 1573 
I-beams, properties, 1593 
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Beams, impact on, 1577 Bins, hopper-bottom, 1036, 1046, 1047 
radius of gyration, 1576 intermediate, in crushing plants, 90 
reinforced concrete, 1581 Janssen’s method for deep bins, 1043 
resisting moment, 1573 Ketchum’s solution for slanting-bottom, 
safe loads, 1575 1039 
section-modulus, 1573, 1576 liming, 1045 
shear and moment diagrams, 1573, 1574 log, 128, 1046 
simple, 1572 moist material, 1055 
stiffness, 1576 shape, 1035 
strength, 1573 slanting-bottom, 1035, 1039, 1046 
vertical shear, 1572 spherical-bottom, 1044 
wooden, table, 1575 steel, 1036, 1047, 1048S, 1049 

Bearing strengths of soils, 1289, 1585 surcharged, 1039 

Bearings, 1341 suspension bunker, 1036, 1044, 1049 
thrust, 1433, 1561 © ¥ tension rods, 1045 

Behrend, film-flotation patent, 785 timber, 1045, 1049 

Belmont-Surf Inlet mine, flow-sheet, 128 Birdseye coal, 38 

Belt, 1057, 1071, 1311 Bismite, 26, 1632 
aging, 1058 Bismuth, 26 
Balata, 1059, 1071 penalty, 220 
conveyor (see Conveyor, belt) Bismuthinite, 26, 1632 
cover, 1057, 1071 Bismutite, 26, 1632 
creep, 1071 Bituminous coal, 31 
distance between shafts, 1302 analyses, 32,°71, 72, 73 
driving, 1302 cleaning plants, 56 
duck, 1057 cost of washing, 74 
fasteners, 1072 domestic sizes, 56 
feeder, 1119. (See also Conveyor, belt) preparation, 54 
for conveyors, 1057 prices, 38 
friction, 1057, 1071 washeries, cost, 74 
heat, effect on, 1058 performance, 71 
joints, 1072 Blacksmith forge, 1340 
life, 1057, 1072 Blaisdell tanks, 1013 (101) 
plies, 1057, 1302 Blake crusher, 247. (See also Jaw crusher) 
power, 1302, 1561 adjustments, 251 
price, 1341 attendance, 258 
quarter-turn, 1302 breaking point, 249, 258 
replacement, 1072 capacity, 253, 255, 256 
splicing, 1072, 1305 formulas, 255 
testing, 1057 cost, 255, 259 
-type magnetic separator, 915 (144) feeding, 258 
weights, 1084, 1341 life of parts, 256 
width, 1060 lost time, 258 
working stress, 1084 lubrication, 256 

Benson mine, 139 nip angle, 253, 254 

Bentonite, 28, 1632 performance, 255, 256 

Bernouilli’s theorem, 1600 power consumption, 248, 255, 256 

Bethlehem Steel Co., Cornwall mine, crush- idling, 258 

ing plant, 244 power draft, 250 

B. F. Berry Coal Co., washery, 61 reduction ratio, 252, 256 

Bilharz—Stein shaking table, 769 size of product, 255, 259 

Binomial theorem, 1369, 1422 speed, 252, 254, 256 

Bins, 1033 (21, 79, 87, 92, 98, 101, 105, 156, throw, 256 

£735 2335, 250, 242) Blake—Dennison weigher, 1158 (171) 
Airy's method for deep bins, 1043 Blake—Morscher electrostatic machine, 949 
compressed air in, 1055 Blankets, 961. (See also Strake) 
concrete, 1048, 1050 Bleaching, barite, 25 
conical-bottom, 1044 Blomfield, cascade machine, 817 
costs, 1051 Blowers, 1337 
eribbed, 1045 at Inspiration 105 (note m) 
deep, 1043 Blue gold, 118 
design, 1036-1051 Boggs, agitation-froth machine, 804, 828 
discharge of, 1035, 1046, 1052 Boilers, 1338 
flat-bottom, 1035, 1036, 1045 Boiling point, 1516 
gates, 1052-1055 metals, 13 
graphical solution of stresses, 1036 non-metals, 1505 


hang-up, prevention, 1055 (1038, note c) Bolt-threading machine, 1340 
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Bone, in coal, 34 

Bone phosphate, 199 

Bonnell, cascade machine, 818 

Bonnot mill, 487 

Borcherdt, colloid patents, 845 
differential flotation, 891 
pneumatic cell, 815 
sampler, 1153 
sulphidizing flotation, 898 

Borda’s tube, 1603 

Boring mill, 1340 

Bornite, 75, 1632 

Bort, 109 

Bournonite, 75, 1632 

Bow’s notation of forces, 1522 


Boykin and Hereford wulfenite mill, flow- 


sheet, 198 

Boylan, classifier, 593 

tilting slimer, 659 
Brackett’s formula, 1616 
Braden Copper Co., flow-sheet, 100 
Bradford breaker, 54, 65, 66, 69 
Bradford, differential flotation, 878, 879 
Bragg, differential flotation, 886 
Braking, 1557 
Brass, 151 
Braun oil feeder, 862 
Braun pulverizer, 1174 
Braunite, 194, 1632 
Breakage, of anthracite, 52 

of bituminous coal, 71 
Breaker, anthracite, flow-sheets, 40—51 
Breaking point in jaw crushers, 249, 258 
Brick from tailing, 1288 
Brickwork, 1587 
Bridges, impact factor, 1568 
Bristol recorder, 1156 
Britannia Mining and Milling Co., flow- 

sheet, 86 

Britannia tube-mill liner, 426, 428 
British thermal units (B.t.u.), 1504 

in bituminous coal (raw and washed), 72 
Brittain, agitation-froth machine, 804 


3roadbridge and Edser, flotation of phos- ! 


phates, 904 
3roadbridge and Howard, agitation-froth 
machine, 802 
3rochantite, 75, 1632 
3roken coal, 38 
3rown (see also Eberenz and Brown) 
cascade machine, 823 
film-flotation patent, 787 
3rumell, film-flotation patent, 785 
3runton, oscillating sampler, 1146 
vibrating sampler, 1145 
3ubbles rising in water, velocity, 552 
sucher (see Gross, Akins and Bucher) 
sucket elevator (see Elevator, bucket) 
suck Run breaker, labor, 53 
sucking-board, 1175 
suckwheat coal, 38 
suddle, 653 
box buddle, 655 
building buddle, 655 
circular stationary, 659 
feed, 655, 664 
principle of, 654 
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Buddle, revolving round table, 660 
stationary, 656 
surfaces, 655, 662 
testing, 1213 
Building codes, allowable working stresses, 
1567, 1568 
Building construction, 1585 


| Bull jigs, 693 


Bumping table (see Shaking table) 
washery, 68 
Bunker coal, analysis, 32 
Bunker Hill and Sullivan Min, & Cone. Co. ey 
flow-sheet, 169. 
Bunker Hill screens, 534 (170, 171) 
Buoyancy, 1599 
Burma Queensland Corp., flow-sheet, 215 
Burt leaf filter, 1015 
Burt revolving filter, 1015 
Bushnell (see Shimmin and Bushnell) 
Buss table, 728 
Butchart table, 729 (101) 
arrangement of minerals on deck, 730 
attendance, 731, 732 
capacity, 730, 731 
deck covering, 730 
head motion, 729 
lost time, 732 
moisture in feed, 73L 
performance, 730 
power, 731 
products, 731 
riffing, 729, 730 
size of feed, 730, 731 
speed, 731, 732 
stroke length, 731, 732 
vs. jigs, 733 
vs. Wilfley, 733 
wash water, 731, 732 
Butler mine, flow-sheet, 209 
Butters filter, 1016 
By-product coal, analysis, 32 
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Cable haulage, 1266 
Cadmium, 26 
Calamine, 151, 1632 
Calaverite, 118, 1632 
Calculus, 1414 
differential, 1414 
integral, 1423 
maxima and minima, 1416 
table of differentials, 1415 
table of integrals, 1424 
Caldecott cone, 588, 615 
Caldecott sand table, 1012 
Callow, cone, 586, 983 
price, 1335 
differential flotation, 879 
methods of plotting sizing tests, 1203 
Callow pneumatic cell, 809 
air consumption, 809, 810 
capacity, 809 
combination with agitation-froth, 826 
cost of erection, 1336 
differential flotation in, 869 
end overflow, 136 
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Callow pneumatic cell, gas volume, 805 
laboratory unit, 1224 
Miami-type, 810 
operation, 811 
performances (85, 101, 103, 127) 
power, 810 
price, 1336 
shallow cell, 811 
vacuum attachment, patent, 795 
weight, 1336 

Callow tank, 586 

Callow, Thompson and Terry, sulphidizing 

flotation, 898 

Callow traveling-belt screen, 547, 1334 

Calorie, 1504 

Calorimetry, 1504 | 

Calumet and Hecla jaw crusher, 247 

Calumet and Hecla Mining Co., flow-sheet, 

78 
leaching plant, 967 

Calumet classifier, 557 (170, 171) 
performance, 558 

Cambria Steel Co., flow-sheet, 68 

Camp Carson Mining & Power Co., flow- 

sheet, 120 

Campbell bumping table, 755 (69) 

Campbell magnetic separator, 936 

Cananea Cons. Copper Co., flow-sheet of 

sampling plant, 1168 

Canvas table, 657 

Capacity, units of, 1496 

Capillarity, 1517 

Car dump (57, 89, 126, 242) 

Car haul (57, 89) 

Cardioid, 1412 

Cars (see also Car dump, Car haul) 
loading, 1265 
shoveling from, 1138 

Carat, 118 

Carbon, 109 

Carbonado, 109 

Carborundum, 111 

Card tables, 734 (169, 171) 

Cascade flotation machine (98), 818 

Cassiterite, 202, 1632 
free-settling velocity, 553 

Cast iron, 1590 

Cataphoresis, 975 

Catenary, 1387, 1413, 1536 
arc, 1387 
area, 1387 
equation, 1413 
evolute, 1420 

Cathode, 1515 

Cattermole (see Granulation) 

Cavalieri’s theorem, 1389 

Cement gun, 1294 

Center of gravity, 1536 - 
plane area, 1433, 1537 
plane line, calculation, 1433, 1537 
solid of revolution, 1433, 1537 

Centigrade to Fahrenheit, 1503 

Central Mine, flow-sheet, 175 

Centrifugal dewaterers, 996 

Centrifugal pump, 1101 (101) 
capacity, 1103 
costs, 1106 
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Centrifugal pump, drive, 1104 

efficiency, 1105 

feed, 1104, 1105 

impeller, 1102 

life, 1104 

liner, 1102 

lost time, 1104 

multi-stage, 1102 

power, 1103 

size of feed, 1105 

speed, 1103 

suction lift, 1105 

velocity in pipes, 1105 

weight, 1103 

Wilfley pump, 1106 
Centroids, 1537 

combination, 1543 
Cerargyrite, 119, Lee 
Cerussite, 150, 1632 
Cervantite, 16, 1632 
Chain block, price, weight, 1339 
Chain drive, 1305, 1311 
Chalcanthite, 75, 1632 
Chalcocite, 75, 1633 
Chalcopyrite, .75, 1633 
Challenge feeder, 339, 1122 (171) 
Champion Copper Co., flow-sheet, 78 
Chance, 1369 
Chance, patents, 634, 635 
Chance washer, 634 

arrangement, 635 

performance at East Broadtop, 61, 62 

power, 63 

sand consumption, 62 

specific gravity in, 62 
Chance washery, 61 
Channels, steel, properties, 1594 
Channels, water, 1621 

design, 1623 

flow in, 1613, 1621 

gaging flow, 1624 

velocity in, 1623, 1624 
Charges, electrical, on minerals, 844 
Charleston Mining and Manufacturing Co., 

flow-sheet, 200 

Charts for numerical data, 1347 
Chasha, 124 
Chat, 684 ; 
Cheek plates, jaw-crusher, 251 
Chemical elements, 1631 
Chestnut coal, 38 
Chezy formula, 1610 

for launder flow, 1091 
Chicago and Carterville Coal Co., flow- 

sheet, 63 

Chilean mill, 473 

attendance, 476 

capacity, 474, 476, 478, 479, 480 

cost of grinding, 474, 478 

dies, 474, 476 

drive, 474 

efficiency, 244 

high-speed mill, 473 

Lane mill, 474 

life of parts, 474, 476, 478 

lost time, 476 

low-speed mill, 474 
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Chilean mill, lubrication, 476 
Mantey offset, 474 
moisture in mill, 476, 478, 479, 480 
open vs. closed circuit, 475, 480 
performance, 474 
power, 474, 476, 478, 479, 480 
screens, 476, 478 
sizes, 474 
size of feed, 474, 475, 479 
size of product, 474, 475 
speed, 474, 475, 476 
tires, 474, 476 
vs, conical pebble mill, 467 
vs. Huntington mills, 469, 478 
vs. rolls, 478 
vs. stamps, 479 
vs. stamps plus tube mills, 475, 479 
Chief Consolidated Mining Co., flow-sheet, 
191 
Chino Consolidated Copper Co., area of 
: mill building, 1297 
flow-sheet, 86 
coarse-crushing plant, 236 
sampling plant, 1167 
water supply, 1278 
Choke crushing, rolls, 245 
Christensen, cascade machine, 819 
oxide flotation, 901 
Chromite, 27, 1633 
Chromium, 27 
Chrysocolla, 75, 1632 
Chrysotile, 19, 1633 
Chutes, 1086, 1296 
breakage in, 1088 
capacity, 1087 
depth, 1086, 1087 
for coal, 1086 
life, 1087 
liners, 1086, 1087 (126, note 5) 
size, 1087 
slope, 1086, 1087, 1296 
spiral, 1086 
telegraph chute, 1086 
White chute, 1088 
width, 1086, 1087 
Cinnabar, 196, 1633 
Cippoletti weir, 1607 
Circle, 1377 
area, 1386, 1458, 1463 
circumference, 1458, 1463 
equation, 1403, 1404 
great, 1383 
poles, 1383 
tables, 1458 
Circuit breakers, 1312 
Circular arc, 1386 
Circular segment, table, 1464 
Circumcenter, 1377 
Clark, oxide flotation, 900 
Classification, 550 
control of pulp density, 863 
effect of chemicals on, 611, 612, 861 
formulas for falling velocities, 551-553 
settling ratio, 1209 
testing, 1207 
Classifier spigots, diameter, 580 (79) 
flow of sandy pulps through, 580 


1641 


Classifier spigots, moisture in product, 79 


Classifiers, 556 
comparison, 613 
cone, 586 
design, 580 
de-sliming, 583, 587 
free-settling, 557 
hindered-settling, 560 
horizontal-current, 583 (68) 
hydraulic, 556 
laboratory, 1207, 1234 
mechanical, 595, 1280 
sorting tubes, 1207 
surface-current, 584 
tests, 1207 
whole-current, 583 
Clawson, flotation machine, 826 
Clay, 28, 1633 
Cleaner, 865 


Cleveland—Knowles magnetic separator, 916 


Clocks, sampling, 1155 
Closed circuit, coarse crushing, 245 
grinding, 389, 488 
Clutches, 1305 
price, weight, 1341 
Coal, 30 
advantages of cleaning, 56 
amalgam, 903 
-cleaning plants, 56 
crushing, 313 
distillation products, 36 
for metallurgical coke, 56 
froth flotation, 41, 901 
impurities, 34, 1216 
jigging, 694-700, 710-713 
preparation, 38 
production, 35 
selling, 35 
sink-and-float test, 1215 
sizing-assay test, 1219 
specific gravity, 1216 
tabling, 743 


testing for a treatment method, 1218 


uses, 35 
washery control, 1221 
washing, 57 
tests, 1218 
Cobalt, 74 


Cobalt sampling mill, flow-sheet, 1166 


Cobaltite, 74, 1633 

Cobbing, 618 
asbestos, 23 
pneumatic chisel, 24 


Cobbing magnet, 931 (94 note b; 98, 156, 


159, 165, 234) 

Coefficient, 1355 
Coefficient of correlation, 1253 

probable error, 1259 

significance, 1259 
Coefficient of discharge, 1601 

pipe-and-plug spigots, 580 
Coefficient of elasticity, 1563 
Coefficient of expansion, 1504 

metals, 13 

non-metals, 1505 
Coefficient of flow, 1601 


| Coefficient of friction, 1559 
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Coefficient of friction kinematic, 552 
table, 1560 
Coefficient of impact, 1568 
Coefficient of restitution, 1556 
Coefficient of rigidity, 1564 
Coefficient of wear, French, 433 
Coffee mill, 1174 
Coinage, 118 
Coke, 33 
Coking coal, 33 
analysis, 32 
specifications, 33 
Colburn and Colburn,  agitation-froth 
patent, 796, 804 
Cole, pneumatic cell, 812 
Collars, 1341 = 
Colloid, 972 
cataphoresis,, 975 
effect on settling of slimes, 976 
suspensoid, 975 
Collom jig, 686 
Cologarithm, 1350 
Colorado impact screen, 540 (87, 89, 126, 
243) 
Column formulas, 1578 
Columns, 1577 
eccentric loading, 1579 
latticed, design, 1595 


Concrete T-beams, 1583 
Conductivity, thermal, metals, 13 
non-metals, 1505 
Cone, 1382 
classifying, 586 
erusher, 281 
de-sliming, 587, 615, 1283 
dewatering, 586, 983 
diaphragm, 588 
for grinding medium, 401 
frustum, 1388 
settling, 586 
surface, 1388 
thickening, 983 
volume, 1388 
Coniagas Mines, Ltd., flow-sheet, 127 
Conic section, 1411 
Conical ball mills (see Ball mills, conical) 
Conical pebble mill, 459 (81) 
applicability, 467 
attendance, 460-463 
capacity, 460-463, 466, 467 
cost of operation, 82, 472 
feeder, 460-463 
grinding charge, 460-463 
length of cylindrical section, 466 
lining, 459, 460-463 
consumption, 460-463, 470, 471 


long, 1577 lost time, 460-463 
reinforced-concrete, 1584 lubrication, 460-463 
short, 1577 manufacturer, 459 


wooden, safe loads, 1578 
Combination (math.), 1369 
Compafiia Estafiifera de Llallagua, flow- 
sheet, magnetic plant, 206 

Company mines, 38 

Complementary angles, 1390 

Compound trommel (see Trommel, com- 
pound; Trommel, conical, com- 
pound) 

Compression, 1562 

and flexure, 1580 

failure under, 1566 
Compressors, 1337 
Concentrate, 1235 

dewatering, cost (99, note m) 

draining (136, note e) 

flotation, 969, 971, 988 (87, 91, 98, 101, 
103, 105, 129, 136) | 

jig (83) 

trough (130, note i) 

distances hauled, 1264 

grade at various plants, 1264 

moisture content, 1264 
Concrete, 1580 

beams, 1581 

bond, 1583 

columns, 1584 

cost of, 1342 

design of beam, 1582, 1583 

design of columns, 1584 

mill frame, 1293 

reinforced, 1580 

reinforcing, 1582 

shearing strength, 1582 

steel ratio, 1581 

stirrups, 1583 


moisture in mill, 460-463 
pebbles, 460-463 
consumption, 460-463, 470, 471 
performance, 459-463 
power, 459, 460-463, 466, 470, 471 
re-lining, 460-463 
shape of mull, 466 
size, 459 
size of feed, 460-463 
size of product, 460-463 
speed, 460-463 
vs. ball mills, 469 
vs. Chilean mill, 467 
vs. rod mills, 469 
vs. tube mill, 469 
weight, 459 
Conical heap, 1419 
Conical trommel (see Trommel, conical) 
Conklin separator, 636 
Conners, pneumatic flotation machine, 815 
Consolidated Copper Mines Co., area of 
mill building, 1297 
flow-sheet, 107 
Consolidated Mining and Smelting Co. of 
Canada, area of mill building, 1298 
flow-sheet, 166 
leaching plant, 967 
Contact angle, 780 
Converter, 218 
Converting, copper, costs, 221 
Conveying weighers, 1158 
Conveyor, 1056 
Conveyor, apron, 1066 (48) 
capacity, 1068 
power, 63, 1068 
skirt boards, 1068 
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Conveyor, slope, 1067 

Bpeed, 1068 
Conveyor belt, 1057 (51, 81, 83, 89, 98, 101; 

145, 156, 159, 168; 184) 

Armored, 173 

Gitangéements, 1057, 1058 

automatic guide idlers, 1058 

belt tension, 1061, 1064 

belting, 1057 

capacity, 1060, 1065, 1301 

carrying capacity, 1059 

eleaning, 1063 

contral, 89 

ost, 1066, 1290 

eost Of éfection, 1338 

éurvature, 1057 

dischargine,. i063 

Q6wh-hill, 1270 

drive, 1062 

feeding, 1062 

flotation concentrate, 98 

guide idlers, 1059 

idlers, 1057, 1059, 1061, 1064, 1285 

inclination, 1057, 1062 

length, 1064, 1301 

performance, 1063 

power, 1061, 1064, 1065, 1269, 1236, 1301 

price, 1338 

pulleys, 1059 

return idlers, 1057, 1059 

run-back, 89 

side idlers, 1059 | 

skirt boards, 1063 

slopé, 1057, 1061, 1062, 1064, 1285, 1301 

sniib pulley, 1057 cand ek 

apeéd, 172 (uote f), 1060, 1285, 1301 

support, 1063 

tailing disposal, 1285 

tension of belt, 1061 

trippers, 1061 

troughing idlers, 1057, 1059 

vs. bucket elevators, 234 

vertical curvature, 1057 

weight, 1338 

weight carried, 1064 

weight of belt, 1062 

width of belt, 1060, 1301 
Conveyor belting, 1057 
Conveyor, bucket, 1069, 1301 
Conveyor, flight, 1069 (46, 48, 184) 
Conveyor, pan, 1066, 1119, 1299 (89, 144) 

capacity, 1068, 1300 

chain, 1066 

pans, 1066 

power, 1300 

skirt boards, 1068 

slope, 1066, 1299, 1300 

speed, 1068, 1119, 1300 
Conveyor, screw, 1070 
Cooley jig, 683 (162) 

attendance, 685, 686 

bed, 683 

construction, 683 

cost of erection, 1334 

drop, 683 

feed, 684, 685 

number of compartments, 684 


Cooley j jig, operation, 684 
petformiance, | 6 4 
power; 688; 68E 
price, 1334 
products, 685, 686 
recovery, 684, 685 
screen, 683, 684, 685, 686 
speed, 683, 684, 685, 686 
stroke length, 683, 684, 685, 686 
thiekness of bed, 683, 684, 685 
water, 683, 685, 686 
welght, 1334 
Cooling drums, 935 (164) 
Cooper Hewitt lamp, 1318 
Co-ordinates; 1361; 140d 
oblique, 1400 
polar, 1400, 1403 
sign, 1400 
transformation of rectangular, 1410 
Copper, 75, 1633 
blister, 77, 219 
casting, 225 
cathode, 225 
concentrate, selling, 221 
iedietiee cost, 221 
éléctrolytic, 77 
Lake, 77 
leachitia (See Hy¥drometaliurgy) 
payment for, 204 
refinitig, cost, 221 
schedules, 224, 226 
smelting, 77, 218 
charges, 220 
losses, 221 
Copper-ore concentrators, 77 
Gornwall mine, crushing plant, 244 
Corrtigatéed trot, 1293 
Corundum, 111, 1633 
Cosecant, 1390 
Cosine, 1390 
exponential, 1398 
graph, 1396 
law of, 1392 
logarithmic, 1476 
natural, 1468 
series, 1393 
sum of, 1392 
table, 1468 
Costs; viii 
aerial tramway, 1270, 1271 
air-cleaning plant, 69, 941 
air-lift, 1287 
Akins classifier, 1335 
Alen cone, 1335 
amalgamation, 867 
anthracite breaker, 42 
ball mill, 1333 
ball-mill grinding, 409, 410, 424, 472, 867 
ball-mill liners, 386 
bali-mill maintenance, 386 
balls, metal, 384 
belt conyeyor, 1066, 1286, 1290, 1338 
belt feeder, 1120 
bin gates, 1339 
bins, 1051 
Blake crusher, 259 
blower, 1337 
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Costs, boarding house, 91 
boiler, 1338 
bucket elevator, 1085, 1285, 1287, 
1337 
eanvas-table treatment, 658 
chain block, 1339 
Chance washety, 61 
éerient gun, 1294 
eantfifdgal filtration, 1017 
Ghilean-mil grinding, 474, 478 
clarification of tailing water, 94 
classifying, 91 
cleaning screens, 525 
coal flotation, 904 
coarse crushing, 88, 91, 124, 130, 235, 236, 
288, 259, 275, 280, 951, 963 
éempresser; 1337 
édrcentrate handling, 867 
éénerete, 1293, 1342 
cones, Callow, 1335 
conical ball mill, 1334 
conical pebble mill, 1334 
operation, 82, 472, 473 
conveying, 91 
copper, converting, 221 
leaching, 967 
reclamation, 80 
refining, 221 
Smelting, 220 
6orrugated iron, 1294 
Cottrell precipitation, 164 
erane, 1340 
érawl, 1339 
erisher, 1333 
@fushing in gravity stamps, 339, 410 
cyanidation, 867, 962, 963, 964, 965 
Deister—Overstrom table in coal washing, 
744 
dewatering, 91 
Diesel-engine power, 1317 
differential flotation, 182, 
895, 896 
Dorr classifier, 1335 
Dorr thickener, 1335 
dryers, 1338 
drying, 158, 1021, 1027, 1032 
electric haulage, 1267 
elevating in bucket elevators, 1085, 1285 
elevator, bucket, 1337 
engine-plane operation, 1266 
excavation, 1342 
feeders, 1336 
filter plant, 1010, 1012 
filtering, 91, 1006, 1010, 1012, 1017 
filters, 1335 
fine crushing, 124 
flotation, 80, 130, 158, 182, 865, 866, 904 
flotation agents, 857 
flotation machines, 1336 
freight, 218, 1273, 1341 
gold and silver custom milling, 217 
gold concentration, 124, 130, 131 
grinding, 91, 130, 395, 409, 410, 423, 424, 
458, 472, 474, 478, 484, 951, 963 
grinding-pan operation, 484 
grizzly, 1339 
gunite, 1294 


1290, 


866, 875, 892, 
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Costs, gyratory crusher, 1333 
hand jig, 715 
hand picking, 622, 624 
hauling, 1269, 1341 
heating, 91, 1319 
Horwood process, $75 
hydraulic classifier, 1335 
hydraulic mining, 120 
hydro- electric power, 1316 
jaw cfushef, 1333 
jigs, 1334 
launder, 1299, 1300 
launder lining, 1099, 1101 
launder, reinforced-concrete, 1098 
lead, concentration, 161 
refining, 221 
lead-zine concentration, 182 
lighting, 91, 1318 
locomotive ‘(steain) haulage, 1268, 1272 
log washer, 1340 
Luhrig washery, 74 
lumber, 1341 
machinery, erection, 1332 
magnetic roasting, 918 
mill construction and equipment, 1329, 
1330, 1331 
mill frame, 1293 
milling, 866 
M. S. machine operation, 99 (note k) 
mono-rail haulage, 1268 
motors, 1339 
motor-truck haulage, 1269, 1341 
Murex process, 934 
ore haulage, 1266, 1267, 
pebbles, 430 
pneumatic coal cleaning, 941 
pneumatic coal-cleaning plant, 941 
power, 1316, 1317 (see also Power) 
power-transmission equipment, 
1341 
precipitation of copper on iron, 956 
pumping, 91, 1106, 1278, 1284, 1287, 1301 
pumps, 1336, 1337 
radiators, 1319 
Rheolaveur washing, 60 
riffing on a Wilfley table, 723 
roasters, 1338 
roasting, 875, 936 
Robinson washery, 74 
rod mill, 1333 
rod-mill grinding, 423, 424 
roll crushing, 91 
rolls, 1333 
round table, cement deck, 664 
samplers, 1339 
sampling, 218, 1138, 1177 
scheelite concentration, 212 
screens, 1334 
shaking-table operation, 744, 762 
shovel sampling, 1138 
silver concentration, 126 
silver-lead concentration, 172 
smelting, 220, 857 
spiral-riveted pipe, 1277, 1278 
stamp milling, 867 
steam-power plants, 1316 
steam stamp, 320 


1268 


1340, 
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Costs, steel frame, 1293, 1332 
Stewart-jig washery, 74 
storage-battery locomotive haulage, 1267 
suction-dredge operation at Calumet and 
Hecla, 81 
tabling, 124 ‘ 
tailing disposal, 161, 1282, 1283, 1284, 
1285, 1287 
tailing wheel, elevating in, 1111 
tail-rope haulage, 1266 
tanks, 1338 
thickening, 1006 
tile wall, 1294 
timber erection, 1333 
tin concentration, magnetic, 206 
tractor haulage, 1269 
transformer, 1339 
traveling-belt screen operation, 547 
trommel, 1334 
tube-mill grinding (447, note B), 458 
tube-mill linings, 426-429 
tube-mill pebbles, 430 
tungsten concentration, 212 
vacuum-process flotation, 795 
wagon haulage, 1269 
washing bituminous coal, 74 
water clarification, 1284 
Wilfley table, 1335 
wiring, electric, 1339 
wood-stave pipe, 1277 
zine concentration, 158, 161 
zine concentration, magnetic, 164 
Cotangent, 1390 
graph, 1397 
natural, 1470 
products of, 1392 
table, 1470, 1478 
Cottrell precipitator, 1324 (164) 
‘Counter-current, decantation, 955 
froth overflow, 813 
Couple, 1522, 1525 
Couplings, 1341 
Court, cascade machine, 818 
Covellite, 75, 1633 
Coversine, 1390 
Coxe screen, 549 
Crane, 1325, 1533 
cost of erection, 1340 
for pebble mills at Calumet and Hecla, 81 
price, weight, 1340 
Crawl, 1325 
price, weight, 1339 
Creighton mine, underground 
station, 245 
Cremer, leaching-flotation, 900 
Crerar (see also Gayford and Crerar) 
pneumatic flotation machine, 812 
Crickboom washer, 627 
Crimona mill, flow-sheet, 195 
Cripple Creek, custom-mill schedule, 217 
Crocidolite, 19, 1633 
Crowe process, 956 (963) 
Crown Mines, Ltd., underground crushing 
station, 245 
Crusher (see also Crushing, specific crushers) 
cost, 1333 
steel, heat-treatment of, 250 


crushing 
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Crushing, 229 : 
classification of machines, 246 
closed#¢if#euit, 488 
coarse, 229, 246 

comparison of plants, 242 
cost (see Cost, coarse crushing) 
floor space required, 239 
labor, 95 (note e) 
“natural’’ feed, 245 
power (104, Table 46) 
efficiency, 488-497 
cost comparison, 488 
crushed-rock constants, 491, 492 
érushing surface diagram, 495 
Del Mar method, 493 
Gates’ method, 495 
Kick’s law, 489 
Kick vs. Rittinger, 496 
ordinal numbers, 489, 490 ; 
relative mechanical éffiiciency, 489 
Richards’ method, 491 
Rittinger’s law, 490 
tons crushed per hp.-hr., 489 
flow-sheets, 230-246. (Seé also the flow- 
sheets in Sec. 2) 
elements, 229 
in coal preparation, 70 
intermediate, 229, 281 
laboratory equipment, 1234 
machines, 246 
operation of crushing machines, 488 
plants, 229 
power consumption, 131 (see also specific 
crushers) 
reduction ratio, 229 
resistance to, 230 
samples, 1174 
testing, 1206 
underground, 243 

Cryolite, 14, 1632 

Cube, 1383, 1384 
area, 1388 
volume, 1388 

Cubes and cube roots, by slide rule, 1353 
of unity, 1372 
tables, 1446, 1452 

Cubes for grinding media, 401 

Culm, 38 

Cuprite, 75, 1633 

Current meter, 1627 

Curvature, 1419 

Curve, 1401 
length of, 1430 
parametric equations, 1402 

Curved scale, 1437 

Custom mills, 217 
sampling, 1163 

Cyanicides, 952 

Cyanidation (see Hydrometallurgy) 
calculations, 1247 
of concentrate, 867 
vs, amalgamation, 867, 961 
vs, flotation, 867 

Cycleid, 1386, 1412 
area, 1386 
construction, 1412 
curtate, 1412 
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Cyeloid; equation, 1412 
évolute; 1426 
ferl th of arc; 386, 143% 
prod ie, 14d ig 
Cyclone dust eollector, 1324 
Cyclone mill, 487 
Cylinder, 1382 
hollow circular, 1388 
mills, 344 
strength, 1571 
siifface, 1387, 1388 
ungula, 1387 
volume, 1887, 1888 


B 
Dalton classifier, 579 
Daman, flotation machine, 828 
Dams, 1587 
as weirs, 1607 
masonry, 1589 
overturning, 1599 
pressure on, 1598 
Daniell cell, 1517 
Darling, oil-flotation patent, 789 
Davis, filni-flotation patent, 785 
De Bavay film-flotation patents, 786 
Decantation, 1187 
De-colloiding, 183 
Decrepitation, 113, 114 
Dee jig, 687 
Deep-pocket classifier, 557, 559 
Deformation, 1563 
permanent, 1565 
stress-deformation diagram, 1564 
Degree, 1395 
table, 1466 
Degree of a term, 1361 
Deister, cone classifier, 561 (136) 
tilting table, 658 
Deister—Overstrom diagonal-deck table, 741 
attendanve, 742 
capacity, 742, 743, 744 
coal-washing table, 743 
cost of operation, 744 
head-motion, 742 
moisture in feed, 742 
performance, 742-745 
riffing, 741, 743 
size of feed, 742, 743, 745 
slope, 741, 743 
speed, 742, 743, 744 
stroke, 742, 743, 744 
vs. jigs, 745 
wash water, 742, 744 
Deister sand table, 736 
capacity, 737 
glass top, 738 
hand, 737 
head-motion, 736 
performance, 736, 737 
power, 737 
riffing, 737, 738 
size of feed, 737 
speed, 738 
stroke, 737 
wash water, 737 
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Deister slime table, 738 
attendance, 739 
deck Govering, 739 
hand, 739 
bead-motion, 739 
midisttife in feed, 739, 740 
performance, 
power, 739 
riffing, 738 
size of feed, 739 
slope, 740 
speed, 739, 740 
stroke, 739, 740 
as. vatiiié?, 789 
wash water, 740 
DéKalb, testing-sieve series, 1183 
Delano classifier, 578 
Delaware jig; 698 (5) 
Delprat (see also Pdtte#=Delprat), froth= 
flotation patents, 791 
De-magnetizer, 933 
De Mier, agitation-froth machine, 804 
De Moivre’s theorem, 1372 
Density, 1499 
table of, 1500 
Derivatives, 1414 
formulas, 1415 
of higher order, 1417 
partial, 1423 
Derrick, 1533 
Descartes’ rule of signs, 1366 
De-sliming, 587 
tanks, 587-595 (29) 
Determinants, 1367 
application to metallurgical calculation, 
1239, 1240 
Dew point, 1504 
Dewatering, 969 
centrifugal dewaterers, 996 
coal, 971 
concentrate (see Concentrate dewatering) 
design of thickeners, 998 
draining, 969 
flocculation, 973, 974 
scraper dewaterers, 970 
thickeners, 982 
thickening, 972 
Diamagnetic, 905 
Diamond, 109, 1633 
Diaphragm cones, 588-595 (98) 
Dielectric, 1513 
separation, 949 
Diesel engine, 1316 
Differential element, 1432 
Differential flotation (see Flotation, differ- 
ential) 


Differentials, 1418 


Differentiation, 1416 
Dings magnetic separators, belt type, 918 
(164) 
cross-belt, wet separator, 930 
tray type, 917 
Dings—Roche magnetic separator, 929 


| Directrix, ellipse, 1406 


parabola, 1404 
Discarding superfluous figures, 1346 


! Discount, 1375 
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Discount, tables, 1489 
Disintegration by washing, 626 
Disintegration by weathering, 110 
Disk crusher, 282 (85, 144, 233, 234) 
attendance, 284 
capacity, 283, 284, 286 
life of parts, 284 
lubrication, 283, 284 
maintenance, 284, 286 
performance, 284, 285, 286 
power, 283, 284, 286 
size, 283, 286 
size of product, 284, 285 
speed, 283, 284 
tramp iron, 285 
vertical disk machine, 286 
vs. rolls, 233, 237 
weight, 283 
Disk grinder, 1174 
Disks for grinding media, 401 
Dispersion, 973 
agents (see Flotation agents) 
light, 1512 
Distributor, 1123 
bin as, 1033, 1035, 1123 
Ditches, flow in, 1621 (see also Channels, 
water) 
design, 1623 
seepage losses, 1623 
Division, algebraic, 1356 
arithmetic, 1345 
complex numbers, 1372 
fractions (algebra), 1359 
logarithmic, 1349 
slide-rule, 1352 
Dodecahedron, 1384 
area, 1388 
volume, 1388 
Dodge crusher, 259. (See also Jaw crusher) 
Dolbear, pneumatic flotation machine, 815, 
829 
Domestic-size coal, 40 
Dominion Molybdenite Co., flow-sheet, 197 
Donaldson cascade machine, 818 
Dorr agitator, 953 
Dorr bowl classifier, 606, 611, 615, 753 (96, 
183) 
Dorr classifier, 595, 615 (83, 96, 99, 101, 181) 
(See also Dorr bowl classifier) 
action in, 596 
back water, 596 
baffle, 598 
eapacity, 599, 601, 605 
cost of erection, 1335 
de-sliming tailing, 1282 
dewatering, coal, 971 
dewatering lip, 597 
dilution of feed, 598, 599, 601 
efficiency, 601 
feed rate, 598 
height of tail board, 597 
length, 597 
moisture, 601 
multi-deck, 605 
overflow, height of, 597 
performance, 599 
portable, 1282 
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Dorr classifier, power, 605 
price, 1335 
rakes, height, 597 
shape, 598 
repairs, 605 
size of feed, 600, 601 
size of products, 601, 605 
slope, 596, 601 
specific gravity of feed, 600 
speed, 597, 601 
vacuum tray, 87 (103, note e), 
note d) 
weight, 1335 
Dorr hydro-separator, 613 
dewatering coal, 971 
Dorr ore washer, 626 
Dorr thickener, 984 (67, 83, 85, 87, 98, 101, 
103, 105) 
attendance, 988 
breaking flotation froth, 990 
capacity, 985-988, 989, 999 
cost of erection, 1335 
density of discharge, 990 
depth, 992 
design, 998 
discharge, 985, 990 
distribution in an operating thickener, 991 
effect of oil on capacity on flotation con- 
centrate (105, note A) 
efficiency, 985-988 
moisture in products, 985-988 
overload alarm, 985 
performance, 985 
power, 988 
price, 1335 
repairs, 989 
size of feed, 985-988 
speed, 985-988 
weight, 1335 
Dosenbach, atomizing patents, 825 
differential flotation, 882 
Dosenbach and Scott, flotation machine, 829 
Double-cone classifier, 579 
Drag-belt classifier, 612 (170, 171) 
Drag classifiers, 612 ($1, 101, 172, 174) 
dewatering concentrate, 971 
Drag screen, 525 (61, 64, 68) 
Draining, 969 
Draining tanks, flotation concentrate (98, 
note ab) 
table concentrate, 190 
Draper tubular washer, 630 
Dredge, jigs on, 688 
sluice, 120 
stacker, 121 
suction, 81 
Dredging, gold, 120 
tin, 203 
water consumption, 122, 123 
Drill press, 1340 
Drum filter (see Oliver filter, 
filter) 
Drum mixer, 1162 
Drum-pulley-type magnetic separators, 915 
Drum screen, 549 
Drum-type magnetic separators, 913 (144) 
double-drum machines, 914 


(193, 


Portland 
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Drum washer, 627 
Dry assay, copper, 221 
lead, 221 
Dry concentration (see also Pneumatic 
tables) 
graphite, 135 
Dry grinding, 487 
Dry pulverizing, 487 (159) 
Dryers, 1019 (22, 25, 29, 178, 200) 
cost of erection, 1338 
price, 1338 
sample, 1232 
steam, 24, 112, 117 
weight, 1338 . 
Drying, 969, 1019 
air requirement, 1022, 1023 
cost, 1021 (158) 
dust loss, 1026 
electrical, 1032 
evaporation, 1019 
firing, 1024 
floor, 1021 (207) 
fuel, 1021-1028, 1031 
grate area, 1032 
heat, 1020, 1029 
multiple-tube, 1026 
principles of, 1019 
rabbled-hearth dryer, 1026 
rotary dryer, 1023 
samples, 1173, 1186 
time, 1028 
tower dryer, 1021 
Duck, belt, 1057 
Ductility, 1565, 1567 
Dunn, atomizing, 824 
bubble-column machine, 823 
Dunstone, oil-flotation patent, 789 
DuPont, patents, 636, 638 
Duraloid balls, 384 
Dust assay, 1324 
collection, 1323 
loss, 1168, 1324 
New Cornelia (235, note g) 
size, 1324 
Dynamics, 1521 
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Eagle-Picher Lead Co., flow-sheet, 160 
Earth pressure, 1588 
East Broadtop Railroad and Coal Co., 
flow-sheet, 61 
East Pool mill, flow-sheet, 209 
Eberenz, agitation-froth machine, 805 
sulphidizing flotation, 899 
Eberenz and Brown, agitation-froth ma- 
chine, 803 
Economy Domestic Coal Co., flow-sheet, 
57 
Eeddying resistance, 551 
Edison, rolls, 139 
magnetic separator, 912 
sereen, 524 
Edser (see also Broadbridge and Edser, 
Sulman and Edser, Tucker and 
Edser, and below) 
Edser and Sulman, differential flotation, 881 
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Edwards roaster, 875 
Efficiency, classifier, 1235, 1242 
coal washing, 1250 
concentration, 1242 
crushing, 488-497 
Delameter formulas, 1251 
Drakeley formulas, 1250 
Fraser and Yancey formula, 1251 
general, 1251 
Hamilton formula, 1252 
Hancock formula, 1252 
Lincoln formula, 1252 
mechanical, 1554 
qualitative, 1251 
quantitative, 1251 
relative mechanical, 489 
screening, 502, 1243 
Egg coal, 38 
Elastic curve, 1576 
Elastic limit, 1563 
structural materials, 1566 
Eldred and Graham, vacuum apparatus, 796 
Electric locomotives, 1267 (see also Storage- 
battery locomotives) 
cost of haulage, 1268 
Electric weigher, 1159 
Electrical charges on minerals, 844 
Electrical transmission, 1307, 1308, 1311 
circuit breakers, 1312 
conductors, 1312 
conduits, 1313, 1315 
current-carrying capacity, 1314 
formulas, 1311, 1312 
insulation, 1313 
interruption, 1316 
short circuits, 1312 
temperature rise, 1314 
Electricity, 1512 
Electrochemical theory, 1514 
Electrolysis, 1515 
Electrolytic deposition, 957 
anodes, 958 
cathodes, 958 
cell, 958 
current, 957 
efficiency, 957 
purification, 959 
solution, 958 
voltage, 957 
Electrolytic dissociation, 1516 
Electromagnet, 907 
current, 912 
design, 909 
heating, 910 
material for cores, 910 
time required for induction, 911 
tractive force, 909 : 
Electromagnetism, 907 
Electron, 1514 
Electrostatic concentration, 948 
graphite, 135 
monazite, 199 
zinc-iron, 178 
Elements, chemical, 1631 
Elevator, bucket, 1070, 1300 
bearings, 1071, 1076 
belt, 1071, 1072 
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Elevator, belt-bucket, 1071 (83, 98, 101, 
145, 156, 158, 186, 237) 
boot, 1076, 1079 
buckets, 1077, 1081 
eapacity, 1083 
centrifugal-discharge type, 1079 
chain, 1073 
chain-bucket, 1073, 1290, 1301 (48, 49, 
140, 186, 231) 
continuous bucket type, 1077 
cost, 1085, 1285, 1287, 1290 
cost of erection, 1337 
design, 1084 
discharge, 1077, 1079, 1080, 1083 
drive, 1071 
feeding, 1078, 1081 
head shaft, 1071, 1085 
housing, 1074, 1077 “ 
power, 1083, 1084 
price, 1337 
pulleys, 1073, 1076 
receiving hopper, 1077 
spacing of buckets, 1082 
speed, 1077, 1079, 1080 
tailing disposal, 1285, 1287 
take-up, 1076 
tension in belt, 1084 
weight, 1337 
Elliott washer, 651 
Ellipse, 1386, 1405 
area, 1386 
construction, 1406 
equations, 1406 
evolute, 1420 
perimeter, 1386 
tangent, 1407 
Ellipsoid, 1389 
Ellis, electrical grounding of 
machines, 829 
oxygen for flotation, 829 
sulphidizing flotation, 898 
Elmore, electrolytic flotation process, 793 
greased belt, 944 
jigs, 695 (50, 64-67) 
oil-flotation patents, 788, 789 
vacuum process, 794 
El Oro tube-mill liner, 426, 427, 428 
E] Tigre thickener, 992 
Elutriation, 1187 
air, 1190 
decantation, 1187 
interpretation of tests, 1190 
multi-tube, 1190 
rising currents, 1189 
Schoene apparatus, 1189 
still-water settling, 1188 
Embrey vanner, 769 
Emerson, cascade machine, 817 
differential flotation, 892 
Emery, 111, 1633 
Empire shaking table, 745 
Empirical formulas, 1434 
Emulsifier, 803 
Emulsion, 1520 
Enargite, 75, 1633 
Energy, 1553 
equivalents, 1497 
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Energy, kinetic, 1553 
potential, 1553 
Engelbach grinder, 1174 
Engels Copper Mining Co., flow-sheet, 90 
Engine plane, 1266 
Engineering formulas, charts for, 1437 
Engler viscosimeter, 1501 
Epicycloid, 1387, 1412 
arc, 1387 
area, 1387 
construction, 1412 
equation, 1412 
evolute, 1420 
Epitrochoid, 1412 
Equations, 1401 
algebra, 1359 
cubic,ssolution, 1367 
dependent, 1360 
Descartes’ rule of signs, 1366 
elimination of unknowns, 1360 
graphical solution, 1362 
graphs of, 1361 
incompatible, 1360 
linear, 1359 
literal, 1359 
loci, 1401 
of degree n, 1363 
of first degree, 1359, 1402 
of second degree, 1359 
parabola, 1404 
parametric, 1402, 1411 
permanence of sign, 1366 
polar, 1403 
quadratic, 1359, 1360 
simultaneous linear, 1360, 1374 
solution by determinants, 1367 
symmetry, 1401 
three or more unknowns, 1360 
transformation, polar to rectangular, 1404 
two unknowns, 1360, 1361 
variation of sign, 1366 
Equiliprium of forces, 1528 
Erection of machinery, cost, 1333-1341 
Erg, 1497 
Errors, 1347 
absolute, 1347 
constant, 1374 
percentage of, 1423 
probable, 1372, 1419, 1423 
relative, 1347 
small, 1418, 1423 
tabular, 1347 
Erythrite, 74, 1633 
Esperanza classifier, 612 (145, 170, 171) 
Euler’s formula, 1577 
Evans classifier, 557 
Evans jig, 687 (83) 
vs. Hancock jig, 708 
vs, Woodbury jig, 708 
Evaporation, 1019 
rainfall, 1628 
Everson, oil-flotation patent, 790 
oxide flotation, 900 
Evolutes, 1420 
Excavation, 1342 
Exponent, 1346, 1355 
Exponential law, 1434, 1436 
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Exponentials, 1372 
tables, 1480 
Extraction, 1236 


F 


Factor of safety, 1567 
average values, 1568 
Factorial, 1369 
Factoring, 1357, 1363 
Fagergren and Green, sub-aeration ma- 
chine, 820, 879 
Fahrenheit to Centigrade, 1503 
Fahrenwald, classifier, 570 . 
sizer, 570 
Fairchild ball mill, 358 
Fairview Fluorspar and Lead Co., flow- 
sheet, 114 
Falling bodies, 551, 1419, 1549 
Falling velocities, minerals in water, 552— 
556 
Faul and Lavers, differential flotation, 879, 
881 
Federal Lead Co., Mill No. 4, flow-sheet, 154 
sampling plant, 1169 
Federal M. & S. Co., Morning mill, flow- 
sheet, 174 
Feed, 1235 
Feeders, 1117 
attendance (95, note 6) 
cost of erection, 1336 
laboratory, 1234 
price, 1336 
ratchet-and-pawl drive, 1121 
requirements, 1118 
shaking-plate for sample mill, 1162 
weight, 1336 
Feldspar jig, 713 
Felting (on vanners), 772 
Fenestra sash, 1295 
Ferberite, 211, 1633 
Ferraris, ball mill, 413 
classifier, 557 
screen support, 535 
shaking table, 729 
Ferrochrome, 27 
Ferromagnetic, 905 
Film concentration, 653 
Film sizing, 653 
Filters, 1002-1018 
capacity, 1210. 
centrifugal, 1017 
comparison, 1018 
continuous vacuum, 1002, 1335 
for testing, 1209 
leaf, 1015 
performances, 1008 
pressure, 1013 
prices, 1335, 1336 
rotary hopper dewaterer, 1013 
sand, 1012 
speed, 1210. 
tank, 1013 
vacuum leaf, 1015 
weight, 1335, 1336 
Filtration, 969, 1000 
addition of lime, 1006 


(See also specific filters) 


(See also specific filters) 
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Filtration, coal, 1009 
compressed air, 1005 
cyanide pulp, 1010 
feed, 1006, 1007 
filter medium, 1001, 1006 
filters, 1002 
flotation concentrate, effect of reagent, 
851, 1009, (107, note f) 
heating, 1007, 1010 
magnetite, 1009 
performances, 1008, 1015 
power, 1005, 1010 
pressure, 1013 (29) 
principles, 1000 
sand, 1012 
testing, 1209 
vacuum, 1002 
vacuum production, 1604, 1007 
Fine grinding, 344. (See also Grinding) 
Finley, oil-flotation patent, 789. (See also 
Orr and Finley) 
Fire protection, 1321, 1630 
extinguishers, 1321 
hose, 1323 
sprinklers, 1322 
standard fire stream, 1603 
water mains, 1322 
Fixed screen, 523 (159, 237) 
Flexstone, 1294 
Flight conveyor (see Conveyor, flight) 
Flinn (see Towne and Flinn) 
Float gage, 1625 
Flocculation, 973 
alum, 31 
colloid, 978 
copper sulphate, 844 
clays, 31 
dispersion agents, 844 
effect in flotation, 844, 860 
effect of agitation, 860 
effect of pulp thickness, 978 
electrolysis, 975 
heating, 979 
methods, 974 
microscopic determination of, 1195 
reversible, 981 
sodium polysulphide, 851 
Flood sampler, 1154 
Flotation, 779-904 
adsorption of gangue, 844 
aeration, 864 
agents, 830 
acid sludge, 842, 853 
addition, method, 861 
adsorption of, 841, 843 
albumen, 844, 846 
aldol, 842, 853 
alkalis, 852, 862 
alphabetical list, 830-839 
alpha-naphthylamine, 843, 853 
alum, 845 
argol, 844, 852 
at plants, 847-851. 
availability, 1228 
bichromates, 846, 852 
bituminous coal, 70 
calcium carbide, 853 


(See also Sec. 2) 
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Flotation agents, castor oil, 843 


chemical, 851, 854, 858 

choice of, 847 

classification, 839 

classification for testing, 1227 

cleanliness in handling, 1323 

coating, 843 

collecting, 842 

conserving agents, 846, 1279 

copper ores, 847, 858 

copper sulphate, 844, 845, 852, 870 

coal-tar creosotes, 842 

cost, 857 

creosote, 843, 848, 850, 853, 869 

cresol, 853 

cresylic acid, 868 

cyanides, 845, 861 

dependability of supply, 857 

depressing, 845 

differential, 869 

dispersion, 844 

essential oils, 842, 843, 853 

eucalyptus oil, 842, 869 

feeders, 861 

ferrous sulphate, 846, 852 

fire risk, 1323 

fish oil, 843 

for different ores, 1227 

froth-stiffening, 853 

frothing, 841, 842 

glue, 844 

inorganic, 852 

insoluble, 840 

lead ore, 850, 851 

lime, 844, 845, 846, 850, 870 

linseed oil, 843 

oleic acid, 843 

ortho-toluidin, 846, 850 

petroleum, 843, 853 

pine oil, 842, 844, 846, 847, 850, 857, 
869 

place of addition, 861 

polymerization, 849 

potassium permanganate, 846 

precious-metal ores, 851 

price, 857 

protection of, 844 

pyridine, 843 

pyrogallic acid, 846 

quantity, 853, 854, 861 

quinoline, 843 

reconstructed oil, 847, 850 

refractive index, 848 

salt cake, 852 

selection by, 843 

soap, 853- 

soda ash, 844 

sodium bicarbonate, 845 

sodium carbonate, 845, 852, 870 

sodium cyanide, 870 

sodium hydroxide, 846, 852, 870 

sodium silicate, 844, 845, 852, 870 

sodium sulphide, 861, 870 

solubility, 840 

soluble, 840 

specific gravity, 848 

sulphidizing, 190 
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Flotation agents, sulphur dioxide, 870, 
872, 879 
sulphuric acid, 844, 845, 852 
supply, 857 


surface tension, 841 
tannic acid, 846 
tar, 843, 850, 853 
tar-acid content, 849 
terpineol, 842, 853 
testing, 1228 
thiocarbanilid, 843, 847, 850, 852 
trade names, 847, 848 
turpentine, 842, 853 
viscosity, 848 
wood creosote, 842, 853 
xanthates, 843, 847, 850, 852 
xylidin, 842, 853 
zine ore, 850, 851 
zinc sulphate, 845, 870 
agitation, 863 
agitation-froth process, 796 
attachment of air bubbles to minerals, 
798 
froth, 799 
gas precipitation, 797 
gas, volume utilized, 799 
intensity of agitation, 797 
machines, 799 
size of feed, 859 
testing procedure, 1226 
theory of, 797 
vacuum in, 797 
alkalinity, control of, 862 
alumina, 904 
applicability, 779 
attendance, 858 
atomizing, 824 
bituminous coal, 70 
boiling process, 796 
breaking froth, 990 
bubble-column process, 805 
attachment of solids to bubbles, 807 
froth, 805 
gas, volume utilized, 805 
machines, 808 
shallow cell, 811 
theory, 806 
vs. agitation-froth process, 806 
bubbles, formation heavily-coated, 793 
bulk-oil (see Oil flotation) 
cascade machines, 817 
cassiterite, 904 
cement bottoms, 816 
centrifugal bubble-column machines, 819 
chemical-coating methods, 900 
chemical-generation process, 790-793 
coal, 888, 897, 901 
collective, 868 
combination routing, 865 
concentrate, grade of, 1227 
concentrate-middling routing, 865 
contact angle, 780-784 
continuous tests, 1226 
copper, native, 80 
cost, 80, 130, 158, 182, 865, 866, 904 
counter-current froth overflow, 813 
dewatering coal, 971 
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Flotation, dewatering concentrate, 904 Flotation machines, 861, 1222. (See also 
differential, 868 (166, 175, 179, 181) pp. 783-830) 
acid brine, 876 moisture in feed (see pulp density) 
adsorption of gangue, 868, 869 multiple vs. parallel machines, 863 
aeration, 869 non-metallic minerals, 868, 888, 897, 900, 
agents, 868, 869, 870-874, 892-896 901 
agitation, 869 oil flotation, 787-790 
applicability, 868 air in, 788 
bichromates, 876 processes, 788 
coal, 888 quantity of oil necessary, 788 
control, 872, 889 theory, 787 
copper-iron, 895 oiling, 783, 788, 861 
copper-zinc-iron, 896 in mining, 791 
cost, 182, 866, 875, 892, 895, 896 operation, 858 
derressing agents, 845, 878-888 over-oiling, 861 
differential-oxide, 900 oxidized ores, 188, 896-901 
feed, 869 » patents (see Patents, flotation) 
filming, 870 phosphates, 904 
flow-sheets, 129, 130 plus-pressure process, 793 
fractional roasting, 875 pneumatic, 808 
froth, character of, 869 air-pressure, 816 
frothing agents, 868 laboratory machines, 1222 
gangue adsorption, 844, 868, 869, 870 life of blankets, 816 
heat, 869, 876, 878, 879, 880, 881, 883, machines, 808-815 
885, 892 porous bottoms, 815 
involving chemical change, 874 size of feed, 859 
lead minerals from each other, 877 testing procedure, 1226 
lead-zine, 892 porous media, 815 
machines for, 869 power consumption, agitation-froth, 801, 
miscellaneous processes, 891 803, 810 
of collective concentrate, 872 K, and K., 822 
performances, 892-896 mechanical-air, 827 
processes, 874-892 pneumatic, 104 (Table 46), 810, 812, 
pulp density, 870 814, 815, 823 
size of feed, 869, 892 sub-aeration, 131, 820, 821 
starvation method, 870, 892 pressure-reduction processes, 793 
sulphidizing, 877 pulp-body processes, 790 
surface effects of reagents, 871 pulp density, 853, 862, 1228 
zinc-iron, 896 reclaimed water, 1229 
electrical grounding of cells, 829 recovery, 1227, 1230 
electrolytic gas generation, 790, 793 resistance to wetting, 780 
elements of operation, 858 rougher-cleaner routing, 865 
feed, 860, 865 sands, 860 
feed rate, 863 selective-oxide, 900 
film flotation, 780-787 silver ore, 867 
apparatus, 783-787 size of feed, 779, 853, 859 (94, note p), 
order of floatability, 782 (95, note 2), (96, note e, p), (97, 
performance, 786 note /) 
theory, 780 skin flotation (see Film-flotation) 
use of, 787 slimes, 860 
wetting, 780 solutes, effect on contact angle, 783 
flow-sheets, 865 stage flotation, 864 
froth flotation, 790 sub-aeration machines, 819 
froths formed by different agents, 853 sulphidizing, 897-899 
gangue adsorption, 844, 868, 869, 870 sulphur, 904 
gas precipitation, 790, 793, 797, 829, tailing, 860 
860 temperature of pulp, 864 
gas, solubility of, 829 testing, 1221 
gold and silver ores, 867 thickened oils, 789 
grade of concentrate, 1227 titration of pulps, 862 
heat, effect, 98, 864 types of processes, 779, 790 
high oil, 855 vacuum process, 794 
hysteresis of contact angle, 781 vs. amalgamation and cyanidation, 867 
interpretation of test results, 1229 water, 864, 1229 
laboratory machines, 1222 wetting, 780 
laboratory vs. mill results, 1230 Flow, hydraulic, 1600 


leaching-flotation, 899 diagram for open channels, 1622 
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_ Flow, diagrams for pipe, 1611, 1612 
discharge under falling head, 1602 
irom orifices, 1601 

under pressure, 1602 
from tubes, nozzles and jets, 1602 
gaging, 1624 
in pipes, 1607, 1619 
in open channels, 1621 
measurement by weirs, 1605 
sandy pulp, 580 
theorems, 1600 
wrought-iron and steel pipe, 1617 

_ Flow-sheets, air-cleaning plants (coal), 68 
anthracite, 39-54 
asbestos, 20-23 
barite, 24, 25 
bumping-table washery, 68 
clay, 29 
coal, 38-70 
coarse crushing, 230-246 
copper, 77—109, 965-967 
corundum, 112 
diamond, 110 
differential flotation, 166, 175, 179, 181 
elements of, 12 
Elliott washery, 59 
flotation of oxidized ores, 188 
fluorspar, 114 
froth flotation of bituminous coal, 70 
garnet, 116-118 
gold, 120-133, 962-964 
graphite, 134 
iron, 138-149 
jig washeries (bituminous coal), 62-68 
lead, 152-193 
magnetic separation, 141-149, 164, 169, 

182, 195, 206, 209, 211, 215 
manganese, 195 
molybdenite, 197 
monazite, 199 
phosphate, 201 
principles of design, 10 
quantity, 1326 
Rheolaveur washery (bituminous coal), 59 
silver, 120-133 
sulphidizing flotation, 188 
tank washeries, bituminous coal, 60 
tin, 203-210 
trough washery, bituminous coal, 59 
tube washery, bituminous coal, 60 
tungsten, 212-216 
volatilization, 191 
zinc, 152-193, 967 
Fluid ton, 1248 
Flume, 1274. 
design, 1623 
flow in, 1621 
Fluorite, 113, 1633 
Fluorspar, 113 
Flywheel, 1557 
Foamite extinguishers, 1322 
Footings, 1585 
Forbes tube-mill liner, 426, 427 
Forces, 1521 
components, 1522 
composition, 1522 
coplanar, 1527, 1529 


(See also Channels, water) 
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Forces, equilibrium, 1528 
general equation, 1551 
graphical representation, 1522, 1527 
moment, 1525 
non-coplanar, 1528 
parallel, 1526 
polygon, 1524 
rectangular equations, 1552 
resolution, 1522, 1523 
resultant, 1522, 1526 

Forrester, flotation machine, 814 
jig, 699 

Foundations, 1289, 1292, 1585 

Four-column table, 1205 

Foust jig, 698 (65) 

Fractions, 1346 
algebra, 1357 

Fracture, in concentration, 11 

Frame, 656 
vs. vanner, 771 

Francis’ formula, 1605 

Franklinite, 151, 1633 

Franz jig, 710 

Free-milling ore, 959 

Free settling, 552 
hydraulic classifiers, 557-560 
ratio, 553-555, 558 
sorting column, design of, 580 
velocities, 552-554 

Freeman, differential flotation, 880 

Freezing mixtures, 1507 

Freezing point, 1516 

Freight charges, 218, 1273, 1341 

French coefficient of wear, 433 . 

Frenier pump, 1107 

Frequency curves, 1203 

Friction, 1559 
angle of, 1559 
axle, 1560 
belt, 1561 
bin fillings against walls, 1038 
coefficient, 1559 
head, 1607, 1619 
in pipe-and-plug spigots, 580 
in thrust bearing, 1433, 1561 
kinetic, 1559 
laws of, 1559 
rolling, 1559 
static, 1559 

Froment process, 792 
gas generation, 790 

Froth breaking, 990 
Wilfley tables, 181 

Frue vanner, 766 
vs. Johnston, 778 

Fuller mill, 487 

Function scale, 1437 

Funicular polygon, 1527 


G 


Gage numbers, sheet steel, 1597 
wire, 503, 507 
Gages, stream, 1625 
Gahl, pneumatic flotation machine, 813 
Galena, 150, 1633 
Galigher timer, 1155 
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Galvanizing, 151 
Gape, 255 
Garfield table, 745 
attendance, 747 
capacity, 747, 748 
deck covering, 745 
double-deck, 745 
moisture in feed, 747 
performance, 747-749 
power, 747, 749 
rifles, 745, 747 
size of feed, 747, 748, 749 
speed, 747 
stroke, 747, 749 
wash water, 747, 749 
Garnet, 115, 1633 
Garnierite, 199, 1633 
Gas coal, 33, 37 
analysis, 32 
Gas pressure, 1515 
Gasoline locomotive, 1268 
Gates, bin, 1052-1055 
cost of erection, price, weight, 1339 
Gates, gyratory crusher, 275 
Gayco separator, 942 
Gayford and Crerar, stage flotation, 864 
Gears, 1311 
power consumed, 1061 
Gee centrifugal dewaterer, 997 
Gennamari—Ingurtosu mine, flow-sheet, 160 
Genter thickener, 995 (167) 
Geodesic, 1383 
Geometrical constructions, 1378 
Geometry, analytic, 1399 
elementary, 1376 
loci, 1382 
plane, 1376 
solid, 1382 
German silver, 151 
Gillies, froth-flotation patent, 792 
Glenorchy Scheelite Mine Co., flow-sheet, 
212 
Globe tube-mill lining, 427 
Glogner, oil-flotation patent, 788 
Gold, 118, 1633 
loss in smelting, 221 
native, 75 
ores, selling, 217 
pan, 639, 1211 
payment for, 222 
placers, 120 
saving, surfaces for, 645, 652 
table, 647 (121-124) 
Goldfield tank (107) 
Goyder and Laughton, froth-flotation pat- 
ent, 792 
Graded crushing, 244, 311 
Graham (see Eldred and Graham) 
Gram-molecule, 1516 
Granulation process, 856, 944 
Graphical solution of equations, 13862, 1367 
Graphite, 133, 1633 
froth flotation, 817 
oil flotation, 788 
vacuum flotation, 796 
Graphs, 1361 
Grate coal, 38 
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Gravity plane, 1266 
Gravity stamps (see Stamp, gravity) 
Grease table, 944 (110) 
Greased-surface concentrators, 944 
Green (see Fagergren and Green) 
Greenawalt, pneumatic flotation machine, 
812 
Greenway, froth-flotation patent, 792 
Greenway and Lowry, bichromates, 876 
Griffin mill, 487 
Grinding, 344. (See also Ball mills, Chilean 
mills, Tube mills) 
closed cireuit, 389, 488 
cost, 395, 408, 423, 424, 447 (mote B), 458, 
472, 474, 478 
differential, 364 
dry, 487 
magnets in circuit, 932 
Miami vs. Inspiration practice, 395 
open-circuit, 389 
operation of grinding machines, 488 
power consumption, 131. (See also Ball 
mill, power) 
resistance, 393, 394 
sample, 1174 
shape of grinding medium, 400 
size of grinding medium, 399 
stage, 391 
Grinding pan, 482 
Cobbe—Middleton pan, 483 
Forwood—Down pan, 483 
positive pan, 483 
vs. ordinary pan, 484 
vs, tube mill, 459 
Wheeler pan, 483 
Griswold (see Sheridan and Griswold) 
Grizzly, 517 (25, 89, 94, 101, 107, 126, 140, 
237) 
applicability, 517 
bars, 518 
Briart grizzly, 521 
Burch ring, 522 
capacity, 520 
chain, 521 
clogging, 517 
compound, 518 
cost of erection, 1339 
depressed supports, 517 
disk, 522 
drop-bar roller, 522 
drop-bar traveling, 522 
length, 520 
moving, 521 
moving-bar, 521 
performance, 520 
price, 1339 
product, size of, 523 
railroad-rail grizzly, 518 
ring, 522 
roller, 522 
self-cleaning, 521 
shaking, (238), 523 
size, 520 
size of product, 523 
slope, 519 
sluice, 646 (121) 
sorting, 522 
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Grizzly, strength, 518 
taper-bar, 517, 518 
traveling-bar, (235), 522 
weight, 1339 
width, 520 
Groch, sub-aeration machine, 820 
Gréndal, atomizing patent, 824 
Gréndal magnetic separator, 927 
Gross, Akins and Bucher, bubble-column 
machine, 824 
Grossularite, 115, 1633 
Ground water, 1629 
Guard magnet, 931 
Gunite, 1293, 1294 
Gyratory crusher, 260 (23, 89, 92, 96, 233) 
adjustment, 269 
angle of nip, 276 
attendance, 280 
breaking head, 268, 275 
breaking point, 262, 280 
capacity, 276, 278 
comparison with jaw crusher, 280 
concaves, 263, 275 
cost of crushing. 
ing) 
cost of erection, 1333 
drive, 262 
fall, 277, 278 
feeding, 280 
-fixed-spindle type, 263 
capacity, 269, 274, 275 
fall, 269 
life of parts, 274 
power, 269, 274, 275 
reduction ratio, 274 
size, 269 
speed, 269, 274 
throw, 274 
weight, 269 
gearless, 262 
high-speed, 262 
life of parts, 95 (note d), 270, 275, 276 
lost time, 270, 277 
lubrication, 90, 268, 270, 274 
maintenance, 270, 274, 277, 281 
mantle, 268, 275 
nip angle, 276 
performance, 270, 275 
power consumption, 276, 278, 281 
price, 278, 280, 1333 
reduction ratio, 274, 276 
size of product, 275, 280 
speed, 270, 274 
supported-spindle type, 262 
capacity, 268 
fall, 268 
performance, 275 
power, 268 
size, 268 
speed, 268 
weight, 268 
suspended-spindle type, 260 
capacity, 265, 266, 270, 275 
fall, 266 
performance, 270, 275 
power, 266, 270 
power draft, 277 


(See Cost, coarse crush- 


1655 


Gyratory crusher, suspended-spindle reduc- 
tion ratio, 266, 270 
sizes, 265 
speed, 266, 270 
throw, 270 
weights, 265, 1333 
terminology, 260 
throw, 269 
weight, 278 
Gyratory screen, 549 


H 


Hacksaw, 1340 
Haff (see Lyons and Haff) 
Hair felt, 1294 
Haley, flotation machine, 828 
Halloysite, 28, 1633 
Halvorsen process, 957 
Hammer-bar pulverizer, 486 
Hancock jig, 700 
applicability, 703 
attendance, 704, 708 
bedding, 702 
capacity, 703, 704, 708 
construction, 701 
cost of erection, 1334 « 
feed, 703 
grid, 702 
lost motion, 701 
lost time, 704 
operation, 702 
performance, 703-710 
power, 703, 704 
price, 1334 
products, 702, 703, 704, 708 
recovery, 703 
screen, 702, 703, 708 
sieve, 701 
size, 701 
speed, 702, 703, 708 
stroke length, 702, 703 
tank, 701 
thickness of bed, 702, 704 
vs. Butchart table, 733 
vs. Evans jig, 708 
vs. Harz jig, 703 
vs. Woodbury jig, 708 
water consumption, 703, 704, 708 
weight, 1334 
Hand jig, 713 
capacity, 715, 716 
construction, 715 
cost, 715 
operation, 716 
performance, 716 
speed, 716 
testing, 1121 
water consumption, 716 
Hand picking, 618 
advantages, 618 
amount removed, 624 
anthracite, 42, 46, 48, 51 
belt conveyor for, 620 
bituminous coal, 54, 56 
calculation of economy, 1244 
chutes, 620 
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Hand picking, coal, 621. (See also Anthra- 
cite, Bituminous coal) 
copper, native, 81 
cost, 623, 624 
duty, 623 
floors, 619 
grinding pebbles, 431 
grizzly, 620 
labor for, 624 
lead ores, 157, 174 
lighting, 624 
material picked, 622 
moving surface for, 620 
pan conveyor, 621 
performances, 620, 622 
revolving table, 621 
size picked, 623, 624 
spacing of pickers, 623 
surfaces, 619 
shaking, 622 
table, 620 
testing, 1210 
underground, 619 
washing feed, 622 
zine ores, 183 
Hand sorting, 618. 
Handling, 1056 
anthracite, 52 
machinery, 1341 
supplies, 94 
Harada tube, 1215 
HarJinge mill (see Conical ball mill, Conicai 
mill, Conical pebble mill) 
Hardinge super-thickener, 994 
Hardness, 1567 
metals, 13 
Hardness test for rocks, 433 
Harvey (see Hebbard and Harvey) 
Harz) Jig, 671 (112, 117, 169,1173).178, 
204) 
attendance, 677, 680-683 
bedding, 674, 678 
capacity, 672, 679-683 
concentrate draw, 674 
copper ore, 681 
cost of erection, 1334 
design, 671 
draw, 674 
drive, 676 
drop between screens, 672 
feeding, 678 
frame, 676 
grate, 673 
grids, 674 
hutch draw, 674 
lead-zinc ore, 679-683 
lost time, 680-683 
number of compartments, 672, 679-683 
operation, 676 
partitions, 676 
performance, 679-683 
plunger, 676 
power, 679-683 
price, 1334 
products, 679-683 
screen aperture, 673, 679-683 
screen area, 672, 679-683 


(See Hand picking) 
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Harz jig, screen, life, 679-683 
size, 672 
size of feed, 679-683 
speed, 677, 679-683 
stroke length, 677, 679-683 
tail-board, height of, 673 
tank, 676 
thickness of bed, 673, 682 
tungsten ore, 681 
vs. Butchart table, 733 
vs. Hancock jig, 703 
water, 677 
water consumption, 679, 680-683 
water, distribution, 675 
introduction, 676 
weight, 1334 
Haskell current meter, 1628 
Haultain, differential flotation, 891 
film-flotation patent, 787 
Haversine, 1390 
Hazen—Williams formula, 1613 
Head, liquid, 1598 
bend loss, 1608 
contraction loss, 1608 
discharge loss, 1603 
entrance loss, 1607 
expansion loss, 1608 
friction loss, 1607 
loss in pipes, 1607, 1619 
valve loss, 1608 
Heat, effect on belting, 1058 
equivalents, 1497 
insulation of walls, 1294 
stress due to, 1564 
-treatment of crusher steel, 250 
Heating, 1319 
Heavy-fluid washers, 634 
Heavy solutions, 636 
Hebbard, agitation-froth machine, 802 
differential flotation, 879 
Hebbard and Harvey, differential flotation, 
890 
Heberle magnetic separator, 927 
Helipebs, 401 
Helix, 1414 
Hellstrand, differential flotation, 885, 887, 
888 
Hematite, 136, 1633 
roasting, 934 
Hendryx agitator, 953 
Herman ball mill, 413 
Herring bone gears, life, 95 (note f) 
Higgins, differential flotation, 889 
sub-aeration machine, 819 
Higgins and Stenning, sub-aeration machine, 
819 
High-volatile coal, analysis, 32 
Hindered settling, 554 
classifiers, 560 
design, 582 
ratio, 556 
sorting columns, 561 
velocities of mineral grains, 556 
Hodge jig, 687 
Hog-trough classifier, 557 
Holman stamp, 342 
Homestake cones, 586 


INDEX 


Homestake Mining Co., area of mil! build- 
ing, 1297 . 
flow-sheet, 962 
coarse-crushing, 244 
Hook gage, 1625 
Hooke’s law, 1563 
Hoop tension, 1600 
Hooper, air jig, 942 (112, 117) 
vanning jig, 710 (117) 

Hoover (see also Nutter and Hoover) 
agitation-froth apparatus, 800 
testing-sieve scries, 1183 

Hopper dewaterer, 188 (note J) 
Horner’s method, 1365 
Hornsey, flotation of alumina, 904 
Horwood, fractional roasting, 875 
nitrated sulphuric, 876 
Hose, fire, pressure loss, 1603 
Howard (see also Broadbridge and Howard) 
impellers for agitation-froth machine, 802 
Howe washer, 632 
Hoyle centrifugal filter, 1017 
Hubnerite, 211, 1633 
Hudson Coal Co., allowances of slate and 
bone in finished coal, 52 
Marvine breaker, 51 
Huff electrostatic machine, 949 (178) 
Humidity, 1504 
absolute, 1506 
effect on screen tests, 1182 
effect on Sonstadt solution, 1214 
relative, 1504 
Hum-mer screen, 542 (69, 144, 178) 
capacity, 545 (103, note 6) 
cost of erection, 1334 
price, 1334 
weight, 1334 
Huntington mill, 481 
vs. Chilean mill, 469, 478 
vs. conical pebble mill, 469 
vs. rolls, 478 
Hutch, 671 
Huyghen’s formula, 1386 
Hydraulic classifiers, 556, 613 
design, 580 
Hydraulic ejector, 1278 
Hydraulic elevator, 120 
water consumption, 122 
Hydraulic gradient, 1608 
Hydraulic mining, 120 
Hydraulic press, 1340, 1598 
Hydraulic radius, 1610 
Hydraulic water, 556 
Hydraulics, 1597 
Hydro-electric power, 1316 
Hydrometallurgy, 950 
addition agents, 954 
aeration, 954 
agitation, 952 
applicability, 950 
counter-current decantation, 955 
decantation, 955 
electrolytic deposition, 957 
filter leaching, 952 
heap leaching, 952 
heating, 954 
lixiviation, 952 
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Hydrometallurgy, melting precipitate, 961 
(963) 

perenlation, 952 
precipitation, 955 
preparation of ore, 951 
purification, 959 
regeneration of solution, 956 
removal of impurities, 952 
roasting, 951 
sand leaching, 952 
size of material treated, 951 
solution, 953, 958 
tank leaching, 952 
time of contact, 954 
washing, 954 


Hydrometer, 1499 
Hydro-separator, 632 
Hydro-separator, Dorr, 613 
Hydrotator, flotation machine, 805 

thickener, 994 
Hynes flotation machine, 819 (177) 
Hyperbola, 1386, 1408 

area, 1386 

construction, 1409 

equations, 1409 

evolute, 1420 

rectangular, 1409 

tangent, 1409 
Hyperbolic functions, table, 1481 
Hyperbolic law, 1434, 1436 
Hypocycloid, 1387, 1412 

arc, 1387 

area, 1387 

equation, 1412 

evolute, 1420 
Hypotrochoid, 1412 


I-beams, 1592 
Icosahedron, 1384 
area, 1388 
volume, 1388 
Ilmenite, 211, 1632 
Image, real, 1508, 1509 
virtual, 1508, 1510 
Imaginary number, 1361, 1371 
I. M. M. testing-sieve series, 1183 
Impact, 1555 
factor, 1568 
on beams, 1577 
rupture by, 1569 
stresses, 1569 
Imperial Coal Corporation, cleaning plant, 


Impulse, 1555 
Incenter, 1377 
Independent mines, 38 
Indicator card, 1554 
Inertia, moment of, 1543 
product of, 1544 
Index of refraction, 1511 
Infinitesimal, 1418 
Inspiration Consolidated Copper Co., flow- 
sheet, 104 
coarse-crushing plant, 239 
leaching plant, 966 
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Inspiration Consolidated Copper Co., grind- 
ing at, vs. Miami, 395 
tailing disposal, 1282 
water supply, 1278 
Inspiration pneumatic cell, 813 (105, 109) 
Integrals definite, 1430 
indefinite, 1429 ' 
table of, 1424 
Integration, 1423 
approximate, 1434 
constant of, 1429 
examples, 1429 
summation, 1431 
Interest, 1375 
tables, 1488 
Intermediate crushing, 281 
Internal surface, 973 
International magnetic separator, 924 
Interpolation, 1348, 1370 
Involute, 1420 
of a cirele, 1413 
Ton, 1514 
tons, adsorption of, 973, 975 
polyvalent, effect on flocculation, 975 
Tridium, 201 
Tron, 136 
analysis, 218 
cast, 1590 
malleable cast, 1590 
penalty, 219 
wrought, 1590 
Tronite tube-mill liner, 426, 427 
Isbell vanner, 767 


4 
James, jig, 710 (117) 
coal jig, 712 
Janney mechanical (agitation-froth) ma- 
chine, 802, 803, 827 (156) 
capacity, 803 
laboratory unit, 1222 
multiple-feed, 803 
power, S03 
Janney mechanical-air machines, 826 
capacity, 827 
performance (87) 
power, 827 
Jaw crusher, 246 (22, 145, 231) 
capacity, 248, 279 
cost of crushing (see Cost, coarse crushing) 
cost of erection, 1333 
foundations, 1292 
maintenance, 281 
performance, 255, 256. 
flow-sheets) 
power consumption, 248, 250, 279 
idling, 281 
price, 278, 1333 
repairs, 129 
rope drive, 231 
vs. gyratory crusher, 278 
weight, 248, 279, 1333 
Jaw plates, 250 
Jeffrey, film-flotation patent, 785 
Jet, 1602 
disintegrating by, 140 
flow from, 1602 


(See also notes to 
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Jet, impulse of, 1604 
power of, 1603 
reaction of, 1604 
velocity, 1600 

Jig washeries, 63 
breakage in, 71 

Jigging, 666 
hand, 713, 1211 
mathematical analysis, 667 
Munroe’s theory, 669 
principles, 666 
pulsion, 667 
Richards’ theory, 669 
Rittinger’s theory, 669 
suction, 667, 669 

Jigs, 666 (see also specific jigs) 
capacity, 671 
coal, 694-700, 710—713 
feeding, 700 
fixed-sieve, 671 
hand, 713, 1211 
laboratory, 1211 
movable-sieve, 700 
on dredges, 688 
pan, 710 
size of feed, 666, 694 

Johnston vanner, 769 
vs. Frue, 778 

Jointer, 1340 

Jones—Belmont machine, 826 (128) 

Jones riffie, 1176 

Jumbo mill, 487 (22) 


K 

K. and K. machine, 821 
Kaolinite, 28, 1632 
Kelly filter press, 1014 (101) 
Kendall, vil-flotation patent, 789 
Kensico dam, crushing plant, 231 
Kent, cracker, 486 

mill, 487 
Kick’s law, 489 
Kieve (216) 
Kinematics, 1521 
Kinetics, 1521, 1549 
King screen, 549 
Kingston Coal Co., anthracite breaker, 42 
Kirby, oil-flotation patent, 789 
Klein solution, 1214 
Kleinbentink, agitation-froth machine, 805 
Knowles magnetic-belt separator, 919 
Kohlberg and Kraut, bubble-column ma- 

chine, 821 
Komata tube-mill liner, 426, 427, 428, 429 
Kominuter, 413 
Kraut (see also Kohlberg and Kraut, K. 
and K.) 

combination machine, 828 

sub-aeration machine, 821 
Krupp ball mill, 411 

dry crushing, 208 

in sampling plant, 1166 

vs. rolls, 412 
Kutter’s formula, 1621 

diagram, 1622 

for launder flow, 1091 
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Labor (see also ‘‘attendance’’ under differ- 
ent machines) 
air-cleaning plant, 69 
anthracite breakers, 42, 48, 53 
car-yard at Utah Copper Co., 89 
Chance washery, 61 
coarse crushing, 238, 243 (note g) 
coning-and-quartering, 1137 
copper-ore concentrators, 78, 84, 91, 94, 
95, 100, 102, 104 
dump-tailing plant, 99 
garnet concentration, 115 
gold concentration, 124, 129 
iron concentration, magnetic, 141 
iron washing, 141 
lead concentration, 154, 188 
lead-zine concentration, 182 
sulphidizing flotation, 188 
tungsten concentration, 214 
zine concentration, 182, 191 
Laboratory, equipment, 1232 
Lagging pulleys, 1073 
Lame’s formula, 1571 
Lane Chilean mill, 474 
Latent heat, 1504 
metals, 13 
non-metals, 1505 
Lathe, 1340 
Latimer, oil-flotation patent, 789 
Latus rectum, 1404, 1405, 1408 
Laughton (see Goyder and Laughton) 
Launder classifier, 557, 560, 613 
slope, 580 
Launders, 1088 
bends, 1098 
branches, 1101 
carrying capacity, 1091, 1095 
concrete, reinforced, 1093 
cost, 1098, 1099, 1101, 1299, 1300 
depth, 1095, 1097, 1098 
flow in, 1089-1093 
lay-out, 1328 
lining, 1095, 1096, 1099, 1100, 1281, 1296 
performances, 1093-1098 
pipe, 1101, 1281, 1282, 1284, 1286 
principles of flow, 1088 
reinforced concrete, 1093 
resistance to flow, 1101 
shaking, 1296 
shape, 1093 
size of launder, 1094, 1096, 1097, 1098, 
1282 
size of material, 1094, 1096, 1097, 1098 
slope, 1089, 1095, 1096, 1097, 1098, 1100, 
1281, 1284, 1286, 1287, 1296, 1299 
solids, percentage, 1094, 1096, 1097, 1098 
tailing, 1281, 1282, 1284, 1285 
trestle for, 1282, 1284, 1286 


turns, 1098 
velocity in, 1089, 1101 
wood, 1093 
Lavers (see also Faul and Lavers; Nutter 
and Lavers) r 


chromates, 876 
Leaching (see also Hydrometallurgy) 
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Leaching, barite, 24, 25 
tin ore, 208, 209 
Lead, 149 
bonus, 223 
carbonate ores, flow-sheets, 188 
concentrate, selling, 221 
fire assay, 221 
ore, sizing-assay test, 1205 
payment for, 222 
refining, cost, 221 
schedules, 223 
smelting, 218 
charges, 220 
losses, 221 
Least common denominator, 1358 
Least common multiple, 1358 
Least squares, 1372, 1435 
Lehigh and Wilkes-Barre 
Wanamie breaker, 42 
Lehigh Coal and Navigation Co., Rahu 
breaker, 49 
Lehigh jig, 694 
Lehigh Valley Coal Co., Drifton breaker, 48 
Lemmon—Hebbard flotation machine, 829, 
(131) 
Le Roi, No. 2, flow-sheet, 129 
Leuschner froth-flotation process, 792 
Lighting, 1317 
Lignite, 34 
Lime (see also Flotation, agents) 
analysis, 218 
penalty, 219. 
to aid slime settlement, 94 (note q) 
Limiting screen, 498 
Limonite, 136, 1632 
Line, 1402 
Linear measure, 1493 
Line-shaft drive, 1302 
starting and stopping, 1305 
Linnaeite, 74, 1632 
Liquids, flow (see Flow, hydraulic) 
head, 1598 
pressure, 1598, 1600 
transmission of pressure, 1598 
Lithopone, 22 
Livingston, film-flotation patent, 787 
Loading boom (57) 
Location theorem, 1365 
Loci, 1382, 1401, 1411 
general equations of second degree, 1411 
Lockwood, differential flotation, 892 
froth-flotation patent, 793 
oxide flotation, 900 
Lockwood and Samuel, differential flota- 
tion, 892 
Locomotive (steam) haulage, 12€8 (89) 
cost, 1268, 1272, 1273 
narrow-gage, 1268 
Shay type, 1272 
tractive effort, 1439 
Log washer, 628 (24, 135, 139, 140, 200) 
magnetic, 930 
price, weight, 1340 
Logarithmic, cross-section paper, 1435 
scale, 1351 
Logarithms, 1348, 1368 
base, 1368 


Coals) Go., 
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Logarithms, by slide rule, 1353 
characteristic, 1348, 1368 
cologarithm, 1350 
common, 1348, 1368 
complex numbers, 1372 
conversion factor, 1475 
division by, 1349 
mantissa, 1348, 1368 
modulus, 1368 
multiplication by, 1349 
Napierian, 1368, 1482 
natural, 1368, 1482 
powers of numbers, 1350 
properties, 1349 
roots of numbers, 1350 
tables, 1472, 1482 * 

Long tom, 641 

Lowden drier, 1027 (156, 159) 

Lowry (see Greenway and Lowry) 

Low-volatile coal, 32 

Lubrication, 1559 
jaw crushers, 250 

Luckenback, cascade machine, 818 
oxide flotation, 901 

Luhrig, jig, 698 (59, 65) 
vanner, 769, 776 
washery, 59, 68 

cost, 74 

Lumber, 1341 

Lump coal, anthracite, 38 
bituminous, 54 

Lurie, patent, 636 y 

Luster, in concentration, 11 

Lyell Comstock mine, ore, 96 

Lyons and Haff, agitation-froth machine, 

804 

Lyster, agitation-froth machine, 804 

differential flotation, 878 
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MacDonald, pneumatic cell, 812 
MacGregor, halogen to deaden lead, 876 
Machinery (see also individual machines) 
cost, 1833-1341 
cost of erection, 1332, 1333-1341 
weight, 1333-1341 
Mackintosh pneumatic cell, 815 
Maclaurin’s series, 1421 
Macquisten film-flotation machine, 785 
Magma Copper Co., flow-sheet of sampling 
plant, 1166 
Magnet, 906 
guard, 931 
in grinding-mill circuit, 932 
laboratory, 1231 
Magnetic attractability of minerals, 906 
Magnetic chute, 932 
Magnetic field, 907 
magnetic flux, 908, 909 
magnetomotive force, 908 
reluctance, 908 
reluctivity, 908 
strength of, 907 
susceptibility, 908 
Magnetic head pulleys as crusher guards, 
100 (note c) 
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Magnetic log washer, 930 
Magnetic separation, 905 
apatite, 199 
applicability, 11, 905, 906 
de-magnetizer, 933 
epidote, 199 
flow-sheets, 141-149, 164, 169, 182, 195, 
206, 209, 211, 215 
guard magnets, 931 
high-intensity, 919 
in grinding mill circuit, 932 
low-intensity, 912 
machines, 912-933 
manganese, 195, 922 
monazite, 199 
roasted zinc concentrate, 923 
rutile, 211 
speed of passage through field, 911 
theory, 906 
tin, 206, 209 
tungsten, 215 
types of separators, 912 
wet, 926 
when used, 11 
wolframite, 922 
zine ores, 164, 169, 182, 922 
Magnetism, 1514 
Magnetite, 136, 1632 
Malachite, 75, 1632 
Malay tin placer, flow-sheet, 203 
Malmros, pneumatic flotation machine, 815 
Manganese, 193 
Manganoid balls, 384 
Manufacturers’ Corundum Co., flow-sheet, 
112 
Martin, sampler, 1150, 1166 
sulphidizing flotation, 898 
Masonry, 1586 
Mass, units, 1494 
Materials, properties of, 1566 
Mathematical tables, 1441 
amortization, 1490 
annuities, 1490 
areas, 1496 
eircles, 1458, 1463 
circular segments, 1464 
compound interest, 1488 
cosines, 1470, 1476 
cotangents, 1470, 1478 
cube root, 1452 
cubes, 1446 
degrees to radians, 1466 
discount, compound, 1489 
energy, 1497 
equivalents, feet, inches, mm., 1486 
equivalents, miscellaneous, 1494 
explanation, 1441 
exponentials, 1480 
feet, inches, mm., 1486 
heat, 1497, 1498 
hyperbolic functions, 1481 
inches, feet, mm., 1486 
interest, compound, 1488 
linear measure, 1486, 1493 
logarithmic functions, 1476 
logarithms, 1472, 1482 
masses, 1494 
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Mathematical tables, millimeters, inches, | Microscope, mineragraphy, 1192 


feet, 1486 
miscellaneous equivalents, 1498 
Napierian logarithms, 1482 
numerical constants, 1475 
power, 1498 
powers, 1484 
present value, 1490 
pressure, 1497 
radians, 1466, 1475 
reciprocals, 1456 
sines, 1468, 1476 
sinking fund, 1492 
sphere, volume, 1462 
square root, 1448 
squares, 1444 
surfaces, 1496 
tangents, 1470, 1478 
volume, 1496 
weights, 1494 
work, 1497 

Mathematics, 1344 
bibliography, 1443 
Matte, 77, 218 
May jig, 687 
McArthur, differential flotation, 888 
McCool pulverizer, 1174 
McCully, gyratory crusher, 275 
McKesson—Rice sizer, 549 
Mean, arithmetic, 1369 
geometric, 1369 
Mechanical classifiers, 595, 971 
comparison, 615 
dewatering, 971 
effect of solutes on operation, 611, 612 
power, 615 
wear, 615 
Mechanical efficiency, 1554 
Mechanical pickers, 937 
Mechanics, 1521 
Mechernich magnetic separator, 924 
Median, triangle, 1376 
Medium-volatile coal, 32 
Melaconite, 75, 1632 
Melting point, metals, 13 
non-metals, 1505 
Mercury, 196 
Merrick weightometer, 1158 
Merrill filter press, 1014 
Mesabi Iron Co., flow-sheet, 148 
Mesh (screen), 506 
Mesothorium, 198 
Metacenter, 1600 
Metallurgical calculations, 1235 
Metals, physical constants, 13 
Methylene iodide solution, 1214 
Miami Copper Co., flow sheet, 95 
grinding, vs. Inspiration, 395 
tailing disposal, 1284 
water supply, 1279 
Miami-type pneumatic cell, 810 
Micron, 1493 
Microscope, 1510 
magnification, 1510, 1511 
Microscope, testing with, 1192 
equipment, 1234 ° 
for flotation, 1227 


mineralogy and petrography, 1192 
quantitative mineralogical analysis, 1193 
sizing analysis, 1195 
Middling, 1235 
Mill buildings, 1292 
area, 1297 
costs, 1329, 1330, 1331, 1332 
concrete, 1293 
drawings, 45, 47, 55, 58, 61, 90, 93, 106, 
121, 122, 149, 232, 234, 236, 240, 
241 
dust collection, 1323 
erection, 1289 
excavation, 1342 
fire protection, 1321 
floors, 1295 
foundations, 1289 
frame, 1293 
heating, 1319 
life, 1292 
lighting, 1317 
materials, 1292, 1293 
painting, 1295 
roofs, 1294 
shops, 1325 
skylights, 1295 
steel, weight, 1293 
supplies, 1325 
type, 1290 
walls, 1293 
windows, 1295 
Mill design, 1263 
arrangement of equipment, 1296 
check list, 1342 
cost estimating, 1330 
determinative elements, 9 
drawings, 1327 
dust collection, 1323 
elevation of ore and products, 1290 
erection of machines, cost, 1333-1341 
final estimates, 1342 ; 
heating, 1319 
lighting, 1317 
location, 1263 
methods, 1326 
mill-site, 1288 
power, 1302 
preliminary sketches, 1327 
prerequisites, 1326 
storage, 1273 
supervision, 1292 
water, 1274 
Millerite, 199, 1632 
Millimicron, 1493 
Milling, cost, 866 
Milling machine, 1340 
Milling ore, 618 
Mills—Crowe process, 957 
Mill-site, 1288 (91). (See also flow-sheets of 
specific plants) 
Mine-fab, 723 
Mine La Matte, flow-sheet crushing and 
hand picking, 157 
Mine valuation, 1376 
Mineragraphy, 1192 
Mineralogical analysis, 1193 
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Mineralogy, bibliography, 1194 
Minerals Separation flotation machine, 800 
capacity, 801 
cost of erection, 1336 
cost of operation, 99 (note k) 
differential flotation in, 869 
gas volume, 799 
laboratory unit, 1224 
life of parts, 801 
performance, 801 (81, 83, 98, 101, 181) 
power, 801 
price, 1336 
repairs, 95 (note g) 
sizing-assay tests, 97 
weight, 1336 
Minerals, table of, 1632 
Miner’s inch, 1602 
Mishler, agitation-froth machine, 803 
Mitchell screen, 540 (96) 
Moctezuma Copper Co, flow-sheet, 84 
Modulus of elasticity, 1563 
metals, 13 
structural materials, 1566 
Modulus of rupture, 1566 
Moffatt, atomizing apparatus, 825 
Moisture, flotation concentrate, 218 
ores, 218 
sampling, 218 
washed bituminous coal, 66, 69 
Mol, 1516 
Molecular range, 1518 
Molecule, 1514 
Molybdenite, 196, 1632 
Molybdenum, 196 
Molybdite, 196, 1682 
Moment of inertia, 1543 
determination, 1433 
table, 1545, 1576 
Moments, 1525 
Momentum, 1549, 1555 
Monazite, 198, 1632 
Monell vanner, 769 
Monitor washing plant, 626 
Monomial, 1355 
Mono-rail haulage, 1268 
Monteju (101) 
Monteponi, concentration of zine carbonate 
ore, 182 
Moore filter, 1015 
Mortar, 1586, 1587 
Mortar jig, 319 (81) 
Mother-of-coal, 34 
Motion, 1549 
accelerated, 1549 
circular, 1551 
constrained, 1552 
curvilinear, 1552 
Newton’s laws of, 1549 
plane, 1557 
uniform, 1549 
Motor magnetic separator, 924 
Motors, 1305 
applicability, 1309 
characteristics, 1305 
cost of erection, 1336 
current in terminals, 1315 
for laboratory flotation machines, 1522 
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Motors, direct connection, 1311 
Federal Lead Co, Mill No. 4, 155 
individual, 1305 
power factor, 1312 
power rating, 1306 
price, 1339 
speed, 1306, 1309 
transmission, 1311 
uses, 1310 
voltage, 1306 
weight, 1339 

Motor-truck haulage, 1269, 1341 

Mount Lyell M. & M. Co., fiow-sheet, 96 

Mount Morgan mine, flow-sheet, 132 

Mountain Copper Co., flow-sheet, 94 

Moving loads, 1591 

Moxham, patent, 638 

Mud box, in sluice, 646 

Multiplication, algebraic, 1356 

special products, 1357 
arithmetic, 1345 
complex numbers, 1372 
fractions (algebra), 1359 
logarithmic, 1349 
slide-rule, 1352 

Munroe, film-flotation patent, 785 
tube classifier, 1207 

Murex process, 892, 933 
performance, 934 

Myers, pneumatic flotation machine, 874 


N 


N-product formulas, 1239 
Nagelvoort, patent, 638 
Napierian, base, 1475 
logarithms, 1368, 1482 
National tuble, 729 
National Zine Separating Co., flow-shect, 
164 
Natural product, 498 
Neill jig, 688 
vs. sluice, 689 
Neutral schedule, for lead, 223 
Nevada Consolidated Copper Co., flow- 
sheet, coarse-crushing plant, 235 
Nevett (see also Palmer, Seale and Nevett) 
Nevill, leaching-flotation, 900 
New Century, jig, 690 
coal jig, 700 
wash trommel, 626 
New Cornelia Copper Co., flow-shect, 965 
coarse-crushing plant, 233 
New Haven Traprock Co., flow-sheet, 232 
New Jersey Zine Co., flow-sheet, 182 
New York City Water Supply, Valhalla 
crushing plant, 231 
Newton’s laws of motion, 1549 
Nibelius, film-flotation patent, 785 
Niccolite, 199, 1632 
Nickel, 199 
Nip angle, Blake crusher, 253 
gyratory crusher, 276 
rolls, 290, 307 
Nipissing Mining Co., flow-sheet, 964 
Nokes, sulphidizing flotation, 899 
Nominal crushing unit, 335 


INDEX 


Nomography, 1437 
alignment charts, 1440 
four variables, 1439 
network charts, 1438 
three variables, 1438 
Non-coking coal, 33 
Normal solution, 1516 
Norris, plus-pressure patent, 794 
North Lyell mine, ore, 96 
North River Garnet Co., flow-sheet, 115 
Northern Ore Co., flow-sheet, summary, 169 
Norvell, agitation-froth machine, 804 
Nozzle, 1603 
for ore washing, 626 
Number, complex, 1364, 1371 
imaginary, 1361, 1371 
real, 1361, 1371 
seale, 1355 
Nutter and Hoover, flotation machine, 829 
Nutter and Lavers, differential flotation, 889 


O 

O. and D. flotation machine (174) 
Octahedron, 1384 

area, 1388 

volume, 1388 
O’Gara Coal Co., flow-sheet, 57 
Ohio Copper Co.,  flow-sheet, 

crushing plant, 237 

Ohru, cascade machine, 817 
Oil, definition, 830 

distillation, 848 

flotation (see Flotation) 

neutral, 854 

physical properties, 848 

reconstruction of, 847 

testing, 1229 

vs. chemical flotation agents, 851 
Oliver filter, 1003 (85, 94, 98, 100, 156, 159) 

agitation, 1007 

blow, 1007 

capacity, 1009, 1010, 1011 

feed, 1006 

life of cover, 1009, 1010 

performance, 1008 

power, 1010 

re-covering, 1007 

cost, 1012 

scraper, 1008 

sizes, 1003 

speed, 1006, 1009, 1010 

submergence, 1006 

vacuum, 1010 

vacuum displacement, 1009 

valve mechanism, 1003 

washing, 1004 

winding, 1008, 1009 
Oliver Iron Mining Co., flow-sheet, 139 
Ores of various metals and minerals (see 

the specific substances) 

Orpiment, 18, 1632 
Optics, 1508 
Ordinate, 1361, 1400 
Ore-dressing laboratory, 1232 
Ore haulage, 1265 

distances hauled, 1264, 1265 

methods, 1265, 1275 


coarse- 
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Ore, resistance to grinding, 394 

Orifices, 1601 

Origin (math.), 1362, 1400 

Orr, oil-flotation patent, 788 

Orr and Finley, oil-flotation patent, 789 

Orthocenter, 1377, 1383 

Orthogonal projection, 1377, 1383 

Osborn tube-mill liner, 426, 427 

Osmium, 201 

Osmotic pressure, 1515 

Ostwald viscosimeter, 1501 

Otsuka, bubble-column machine, 824 

Overstrom Universal table, 749. (See also 

Deister—Overstrom) 

Overturning, 1552 

Owen, differential flotation, 878 
sub-aeration machine, 819 


12 
Pachuca tank, 953 
Palladium, 201 
Pallanch, differential flotation, 886 
Palmer, Seale and Nevett, differential flota- 
tion, 882 
sulphidizing flotation, 898 
Pan (see Gold pan; Grinding pan) 
conveyor (see Conveyor, pan) 
Pan feeder (79, 81, 159) 
Panda concentrator, 1288 
water supply, 1278 
Pappus, theorems of, 1389 
Parabola, 1404 
evolute, 1420 
Parabolic law, 1437 
Paraboloid, surface and volume, 1431 
Paraffin, rising velocity in aniline, 
(See also Flotation, agent) 
Parallelepiped, 1382 
Parallelogram, 1384 
area, 1384 
law, 1522 
Paramagnetic, 905 
Parameter, 1402 
Parentheses (algebra), 1356 
Parker, bubble-column machine, 823 
Parral tank, 953 
Parrish screen (61) 
Pascal’slaw, 1598 
Patents, flotation. (Only those patents are 
indexed that are abstracted. For 
patents listing flotation agents 
generally, see pp. 830-839; for 
differential agents, pp. 872-874). 
See also under names of patentees. 
348,157, 790, 900 
486,795, 785 
575,669, 789 
643,340, 788 
676,669, 788 
678,860, 785 
688,279, 785 
689,070, 788 
692,643, 788 
725,609, 789 
734,641, 785 
735,071, 791 
736,381, 788 
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758,464, 788 1,093,463, 829 
763,662, 791 1,094,760, 897, 899 
763,749, 792 1,102,738, 876, 882 
766,289, 788 1,104,755, 811 
768,035, 791 1,108,440, 875 
770,659, 789 1,116,642, 787 
771,075, 789 1,124,858, 811, 826 
771,277, 790 1,124,855, 811 
776,145, 791 1,124,856, 811 
777,159, 789 1,126,965, 892 
778,747, 792 1,134,690, 812 
780,281, 792 1,136,485, 817 
784,999, 792 < 1,136,622, 785 
787,814, 789 1,140,866, 897 
790,913, 789 1,141,377, 811 
793,808, 786, 824 1,142,821, 876, 879, 882 
795,823, 789 1,147,633, 787 
805,382, 792 1,155,815-6, 819 
807,501, 897 1,155,836, 819 
809,959, 789 1,155,861, 829 
816,303, 785 1,156,041, 787 
822,515, 789 1,157,176, 878 
826,411, 794 -1,159,713, 785 
835,120, 799, 855 1,167,076, 802, 827 
835,143, 796 1,167,835, 794 
835,479, 793 1,174,737, 821 
851,599, 789 1,176,428, 795, 812 
851,600, 789 1,180,816, 898 
864,597, 786 1,182,748, 812 
864,856, 794 1,182,890, 878 
865,194—-5, 785 1,187,772, 817 
865,260, 785 1,187,822, 803 
865,334, 789 1,195,453, 820 
873,586, 794 1,197,843, 803 
879,985, 786 1,201,053, 803 
902,018, 786 : 1,201,934, 812 
911,077, 792 1,202,512, 824 
912,783, 786 1,203,372-5, 878 
938,732, 875 1,212,566, 795 
949,002, 875 1,218,400, 787 
953,745, 800 1,219,089, 823, 824 
956,381, 892 1,224,066, 804 
956,800, 789 1,226,062-3, 796, 804 
967,671, 876 1,226,330, 891 
970,002, 876 1,230,081, 785 
972,459, 876 1,232,772, 812 
973,479, 785 1,233,398, 877 
979,820, 785 1,235,083, 812 
979,857, 800 1,236,856, 898 
980,035, 876 1,236,933, 889 
984,633, 785 1,236,934, 890, 891 
987,209, 785 1,237,961, 824 
1,014,977, 785 1,240,824, 826 
1,020,353, 875, 876 1,243,093, 804 
1,043,850, 892 1,243,814, 812 
1,043,851, 900 1,246,665, 824 
1,045,970, 792 1,250,303, 812 
1,052,061, 786 1,253,653, 823 
1,056,952, 802 1,254,173, 823, 877 
1,058,111, 802 1,255,749, 904 
1,064,209, 802 1,256,263, 804 


1,067,485, 889 
1,081,360, 787 
1,084,096, 802 
1,084,210, 802 
1,088,050, 783 


1,257,329, 825 


1,257,990, 879, 881 


1,260,668, 890 
1,261,303, 824 
1,261,810, 879 
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1,262,984, 789 
1,263,503, 875 
1,269,150, 813 
1,269,157, 879 
1,274,505, 879 
1,276,753, 820 
1,277,750, 804 
1,282,730, 817 
1,288,350, 901 
1,295,817, 809 
1,300,516, 880 


1,301,551, 879, 880, 881 


1,308,049, 804 
1,310,051, 817 
1,311,882, 817 
1,311,919-20, 818 
1,312,668, 892, 898 
1,312,754, 813 
1,314,316, 809 
1,317,244, 809 
1,317,945, 891 
1,322,909, 821 
1,323,373, 814 
1,324,139, 822 
1,324,791, 804 
1,326,453, 826 
1,326,545, 891 
1,328,456, 818 
1,329,127, 793 
1,329,335, 812 
1,329,493, 903 
1,333,688, 899 
1,334,721, 898 
1,334,733-4, 898 
1,335,600, 828 
1,335,612, 789 
1,337,548, 881 
1,338,264, 892 
1,341,024, 828 
1,341,770, 813 
1,342,115, 826 
1,343,313, 829 
1,346,286, 814 
1,346,817-8, 813 
1,350,364, 825 
1,351,155, 823 
1,352,072, 804 
1,354,031, 825 
1,357,556, 828 
1,357,921, 814 
1,362,370, 815 
1,365,281, 825 
1,366,766-7, 812 
1,367,223, 818 
1,367,322, 309 
1,369,045, 825 
1,375,087, 881 
1,375,211, 812 
1,375,233, 829 
1,377,189, 882 
1,377,937, 787 
1,378,920, 809 
1,386,716, 901 
1,389,674, 804 
1,390,080, 828 
4,391,078, 815 
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1,393,821, 824 
1,394,306, 819 
1,397,815, 818 
1,398,394, 824 
1,399,539, 787, 818 
1,400,308, 825 
1,401,055, 829 
1,401,435, 882, 898 
1,401,535, 824 
1,401,598, 813 
1,402,099, 805, 827 
1,410,781, 809 
1,413,723, 820 
1,415,314, 796, 804 
1,417,262-3, 901 
1,420,138-9, 891 
1,421,585, 882 
1,425,185-7, 898 
1,427,235, 883 
1,429,544, 885 
1,440,129, 815 
1,441,560, 815 
1,444,552, 899, 900 
1,445,042, 820 
1,445,989, 845, 891 


1,446,375-8, 845, 891, 898 


1,448,514-5, 845 
1,452,662, 877, 898 
1,454,656, 822 
1,454,838, 845, 891 
1,457,077, 826 
1,457,680, 900 
1,459,167, 898 
1,463,405, 820 
1,467,354, 901, 904 
1,469,042, 885 
1,470,350, 818 
1,478,697, 886 
1,478,703, 815 
1,480,884, 815 
1,486,297, 886 
1,488,745, 829 
1,491,110-1, 787 
1,492,904, 900, 904 
1,492,933, 829 
1,497,310, 888, 901 
1,497,804, 787 
1,499,872, 888, 903 
1,505,323, 899 
1,505,324, 805 
508,478, 824 
(509,266, 787 
515,942, 796 
518,010, 815 
521,277, 819 
1,526,997, 815 
1,539,746, 805 
1,541,292-3, 899 
1,547,548, 815 
1,547,732, 904 
1,548,351, 900 
1,549,492, 828 
1,550,512, 900 
1,551,588, 899 
1,551,605, 900 
1,552,197, 903 
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1,552,936-7, 888 
1,555,915, 829 
1,556,083, 828 
1,557,369, 805 
1,562,125, 789 
Patents, granulation, 944, 945, 948 
Patents, greased-surface, 944 
Patents, heavy solutions, 634-638 
Patents, leaching, 953, 957, 958 
Pea coal, 38 
Pearce, agitation-froth machine, 804 
Pebble mills, 425. (See also 
pebble mills; Tube milts) 
Pebbles (see Tube mills, pebbles) 
Peck, carrier, 1301. (See also Conveyor, 
bucket) 
differential flotation, 891 
Pellegrini, differential flotation, 877 
Pendulum, 1551 
compound, 1557 
Pennsylvania Coal Co., No. 1 breaker, 42 
Pennsylvania Steel Co., flow-sheet, 149 
Pentlandite, 199, 1632 > 
Peptization, 973 
Periodicals, xi 
Permalloy, 199 
Permeability, 905, 907, 908, 1514 
Permutation, 1369 
Peterson cell, 812 
Phelps Dodge Corp, Burro Mtn., 
sheet of sampling plant, 1168 
Phelps Dodge Corp., Copper Queen con- 
centrator, flow-sheet, 108 
Dodge Corp., Morenci 
flow-sheet, 102 
Philadelphia and Reading Coal and Iron 
Co., Brookside breaker, 42 
Philipsburg Mining Co., flow-sheet, 195 
Phosphate, 199 
Phosphate washer, 201 
Physics, 1499 
Pi (7), 1386, 1475 
Picard (see Sulman and Picard; Sulman, 
Picard and Ballot) 
Pickers, 937 
Picking, hand, 618 
mechanical, 937 
table, 620 (41, 57) 
Piersol, flotation machine, 828 
Piezometer, 1625 
Pile foundations, 1586 
Pilot mill, 1180 
Pinder concentrator, 754 
Pipe, branching, 1613 
cast-iron, 1616 
choice, 1612, 16138, 1615 
classifier, 579 
coating, 1617, 1620 
compound, 1613 
concrete, 1620 
design, 1615, 1630 
flow in, 1600, 1607 
diagrams, 1611, 1612 
for sand pulp, 1286 
friction factor, 1609 
lay-out, 1328 


Conical 


flow- 


Phelps branch, 
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Pipe, lock-bar, 1618 
looped, 1614 
power delivered, 1615 
pressure in, 1600 
price, 1617 
sheet-metal, 1277 
spiral-riveted, 1277, 1617 
steel, 1617 
threading machine, 1340 
velocity in, 1627 
wood, 1276 
wood-stave, 1276, 1620 
wrought-iron, 1617 
Pitman, jaw crusher, 249 
Pitot tube, 1627 
chart, 1439 
Pitotmeter, 1627 
Placer, 119 
Planer, 1340 
Planilla, 652 
Plate-and-frame filter, 1013 
Plate feeder, 1121 
Platform scales, 57 
Platinum, 201, 1632 
Plat-O table, 750 (109) 
attendance, 751, 754 
capacity, 751, 752, 754 
coal-washing table, 751 
deck covering, 751 
head motion, 751 
lubrication, 754 
moisture in feed, 751, 752 
performance, 751-754 
power, 752 
riffles, 751, 752, 754 
size of feed, 751, 752, 753, 754 
slope, 753 
speed, 751, 752 
stroke, 751, 752 
wash water, 752 
Plunger feeder, 1122 
Plymouth tube-mill liner, 429 
Pneumatic concentration, 938 
asbestos, 22 
coal, 938 (69) 
cost, 941 
jig, 942 
plant, cost, 941 
table, 938-942 (118) 
Pneumatic flotation cells 
pneumatic cell) 
Pocohontas coal, U. 8. Navy specifications, 
33 
Milling and Manufacturing Co., 
flow-sheet, 24 
Poisson's ratio, 1563 
Polarization, 1512 
Polybasite, 119, 1632 : 
Polygons, area, 13885, 1401 
regular, 1378 
similar, 1378 
spherical, 1383, 1388 
sum of interior angles, 1377 
Polyhedron, 1383 
area, 1388 
volume, 1388 
Polynomial, 1355 


(see Callow 


Point 
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Polynomial, degree of, 1356 
letter of arrangement, 1357 
Porphyry-copper deposit, 76 
Porter tilting slimer, 659 
Portland filter, 1008. 
filter) 
Portugese American Tin Co., flow-sheet, 204 
_ Potter, froth-flotation patent, 791 
Potter—Delprat process, 791, 796 
Poundal, 1496 
Power, 1554 
anthracite breakers, 48 
Chance washery, 63 
coarse-crushing, 235, 239, 242, 1304 
copper-ore concentrators, 78, 84, 94, 95, 
100, 102, 104, 1303 
cyanide, 1303 
driving, for mills, 1302 
dump-tailing plant, 99 
Elmore-jig washery, 65 
equivalents, 1498 
generation, 1316 
gold concentration, 124, 129, 131, 1303 
iron concentration, magnetic, 141, 1303 
iron washing, 141 
law, 1434, 1435 
lead concentration, 154, 188, 1303 
lead-zinc concentration, 182, 1304 
silver-lead concentrator, 172 
sulphidizing flotation, 188 
transmission, 1307, 1308, 1311 
zinc concentration, 182, 191, 1304 
Powers (algebra), 1356 
of complex numbers, 1373 
Powers of 10, 1346 
Pratt ore sizer, 549 
Precision of measurement, 1372 
Present value, 1375 
Pressure, equivalents, 1497 
Price, current meter, 1628 
differential flotation, 888 
flotation of coal, 903 
Prices, metals and minerals (see specific 
substances) 
bibliography, 14 
machinery, 1333-1341 
motor, 1305 
pipe, 1617 
Primos Chemical Co., molybdenum treat- 
ment, 198 
Prism, 1382 
lateral surface, 1387 
volume, 1387 
Prismatoid, 1389 
Probability, 1369 
Probable error, 1372 
formulas, 1373 
Production, metals and minerals (see specific 
substances) 
bibliography, 14 
Progression, arithmetic, 1369 
geometric, 1369 
Projectile, 1553 
Properties of metals and minerals (see 
specific substances) 
Proportion, 1346 
Proustite, 119, 1632 


(See also Oliver 
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Psilomelane, 194, 1632 
Puddling, 627 
Pulley, 1531 
price, weight, 1341 
tight-and-loose, 1305 
Pulley-type magnetic separator, 912, 932, 
933 
Pulp, consistency, 1248 
dilution, 1248 
Pumping, 1614 (see also Pumps) 
Pumps, choice of pipe line, 1614 
centrifugal, 1101, 1278, 1286, 1301 
concentrate, 1301 
cost of erection, 1336, 1337 
diaphragm, 1108 
efficiency, 1279 
lining, 1301 
piston, 1278 
price, 1336, 1337 
sand, 1106, 1286, 1301 (167) 
spiral, 1107 
vacuum, 1004, 1337 
weight, 1336, 1337 
Wilfley, 1301 
Punch and shear, 1340 
Punched-plate screen, 508 
Pyramid, 1382 
frustum, 1388 
shape for grinding media, 401 
setting, for machines, 691 
surface, 1388 
volume, 1388 
Pyrargyrite, 119, 1632 
Pyrite, 136, 1632 
roasting, 934 
Pyrolusite, 194, 1632 
Pyromorphite, 150, 1632 
Pyrope, 115, 1632 
Pyrrhotite, 199, 1633 


Q 
Quadrants, 1361 
Quadrilateral, area, 1385 
Quill, 1305 
Quotation, lead, 222 


R 
Radian, 1395 
table, 1466 
Radiation, 1502 
Radicals, 1368 
Radius of gyration, 1544, 1576 
least, of columns, 1577 
Ragging, 657, 678 
Railroad, for ore haulage, 89 
super-elevation of outer rail, 1552 
Rainfall, 1628 
Ramage, differential flotation, 876 
fractional roasting, 875 
Rank, of coal, 30 
Rankine’s formula, 1577 
Ransom jig, 699 
Rapid magnetic separator, 926 
Rash, in coal, 34 
Ratchet-and-pawl drive, 1121 
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Rates, 1419 
Ratio, 13846 
Ratio of concentration, 1235 
at mills, 1264. (See also flow-sheets of 
specific mills) 
effect on flow-sheet, 11 
formula, 1236, 1237, 1238, 1250 
Ray Consolidated Copper Co., flow-sheet 
for high-oil flotation operation, 857 
Raymond mill, 487 
Reading jig, 694 
Realgar, 18, 1633 
Reciprocals, table, 1456 
Reciprocating-plate feeder, 1121 
Recording devices, 1155, 
Recoveries at mills (see flow-sheets of 
specific mills) 
Recovery, 1235 
cyanidation, 1247 
formula, 1236, 1237, 1238, 1247, 1250 
Rectangle, 1384 
Reduction gyratory, 281 
Reduction ratio, Blake crusher, 252 
coarse crushing, 229, 244 
effect on capacity of Blake crusher, 254 
gyratory crusher, 266 
rolls, 290, 308 
Reed, oil-flotation patent, 789 
Reeves variable-speed drive (171) 
References, xi 
Reid (see Allen and Reid) 
Relative mechanical efficiency of crushing 
machines, 489 
Remainder theorem, 1363 
Repairs, 1325 
Replogle Steel Co., flow-sheet, 143 
Republic Iron and Steel Co., flow-sheet, 66 
Residuals, 1373 
Resilience, 1565 
Resine centrifugal dewaterer, 997 
Resistance to fall, 550-552 
Resistivity, electrical, metals, 13 
Retaining sereen, 498 
Retaining walls, 1289, 1587 
design, 1588 
Retger’s solutions, 1214 
Revolving tipple (see Car dump) 
Rheolaveur, 630 (59, 60) 
Rhodium, 201 
Rhombus, 1384 
Rice coal, 38 
Richards’ hindered-settling sorting column, 
561 
hindered-settling tank classifier, 564, 1335 
pulsator classifier, 562, 565, 570 
pulsator jig, 690 
testing-sieve series, 1183 
vortex classifier, 559 
Richards—Janney classifier, 565, 613 
Rideout, oil-flotation patent, 789 
Ridgway filter, 1008 
Riffles, sample, 1143, 1156, 1176 
sluice, 643 
Ring pulverizer, 486 
Rip saw, 1340 
Riprap, 1587 
Riser, pneumatic flotation machine, 815 
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Rittinger, bumping table, 721 
law, 490 
spitzkasten, 585 
testing-sieve series, 11_3 
Riveted joints, 1569 
Rivets, 1569 
spacing, 1569, 1570, 1592 
Roasters, 951 
price, weight, 1338 
Roasting, 951 
chloridizing, 951 
cooling, 935 
copper-iron concentrate, 936 
cost, 875, 936 
flash, 934 
fractional, 875 
furnaces, 935, 951, 1338 
hematite, 934, 935 
magnetic, 918, 923, 934-936 
oxidizing, 951 
reducing, 951 
tin concentrate for magnetic separation, 
207, 208, 209, 936 
zinc concentrate for leaching, 968 
zine concentrate for magnetic separation, 
207, 935 
Robacher filter, 1008 
Robbins, bubble-column machine, 824 
Robinson washer, 632 (61) 
breakage in, 71 
cost, 74 
Robson, oil-flotation patent, 789 
Rock, resistance to crushing, 230 
toughness, 230 


Rock Candy mill, 114 

Rocker, 639 
mechanical, 641 
North Carolina, 641 

Rod mill, 414 (85, 109) 
attendance, 416 
balanced, 425 
capacity, 415, 416, 423 
Cole-Bergman, 415 
conical, 345 
cost of erection, 1333 
cost of grinding, 423, 424 
feeder, 416 
Forrester-Rexman mill, 425 
head, 414 
liners, 414, 416 

consumption, 416, 423, 424 
lost time, 416 
lubrication, 416 
mechanics of, 422 
moisture in mill, 416 
power, 415, 416, 420, 423, 424 
price, 1333 
re-lining, 416 
rods, 414, 416 
consumption, 416, 423, 424 

shell, 414 
size, 415 
size of feed, 416, 420, 422 
size of product, 416, 421, 422 
speed, 415, 416 
stage crushing in, 420, 422 
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Rod mill, tires and rollers, 414 
vs. ball mill, 422 
vs. conical pebble mill, 470 
vs. tube mill, 470 
weight, 415, 1333 
weight of charge, 415 
Rohrbach solution, 1214 
Roller feeder, 1120 (98, 173) 
capacity, 1121 
corrugated, 142 
speed, 1121 
wear, 1121 
Roller mills (see Chilean mill, Huntington 
mill, Griffin mill) 
Rollers, 1571 
Roller-type high-intensity magnetic sepa- 
rators, 923 
Rolls, 287 (96, 144) 
adjustments, 305 
angle of nip, 290, 307 
applicability, 312 
attendance, 290 
capacity, 290, 399 
circulating load, 312 
coal-breaking rolls, 313 
closed roll circuits, 312 
Cornish, 309 
corrugated, 311 
cost of crushing, 312 
cost of erection, 1333 
feeding, 290, 310 
flanged, slow speed, 98 
fleet, 306 
graded crushing, 311 
hand, 289 
life of parts, 290 
lost time, 290 
lubrication, 290 
maintenance, 290 
nip angle, 290, 307 
nipping, 308 
performance, 307, 314 
power, 288, 290, 309 
price, 1333 
reduction ratio, 290, 308 
rigid, 287 
sectional, 306 
selection, 312 
setting, 305 
shell, 297 (95 (note f), 117) 
side adjustment, 306 
single-roll crusher, 316, 
size, 288 
size of product, 290, 310, 311, 312, 315 
speed, 288, 290, 309, 314 
spring pressure, 289 
tonnage in closed circuits, 312 
toothed rolls, 313 (48, 51) 
vs. Chilean mills, 478 
vs. disk crushers, 312 
vs. Huntington mills, 478 
vs. Krupp bail mills, 412 
vs. stamps, 343 
weight, 288, 1323 
Roots, changing sign of, 1365 
cube, of unity, 1372 
diminishing, 1365 
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Roots, equal, 1361 
fractional, 1364 
imaginary, 1361, 1364 
incommensurable, 1365 
integral, 1364 
location theorem, 1365 
multiple, 1364 
multiplying by m, 1365 
negative, 1366 
number of, 1363, 1366 
of a quadratic equation, 1360 
of complex numbers, 1372 
real, 1362 
relation to coefficients, 1364 
remainder theorem, 1363 
Sturm’s theorem, 1367 
Rork, cascade machine, 817 
Rork and Sandberg, bubble-column ma- 
chine, 822 
Roseberry concentrator, flow-sheet, 176 
Ross, cascade machine, 818 
Ro-tap testing-sieve shaker, 1186 
Rotary dryers, 1023 
air velocity, 1031 
capacity, 1025, 1026 
design, 1028-1032 
direct heat, 1023 
fuel, 1024, 1025, 1026, 1031 
gas volume, 1031 
heat balance, 1025, 1029 
indirect-heat, 1024 
performance, 1025 
power, 1024, 1025 
slope, 1029 
speed, 1024, 1029 
temperatures, 1029 
thermal efficiency, 1025 
Rotary feeder, 1121 
Rotary hopper dewaterer, 1013 
Rotary shaking table, 754 
Rotary-tray canvas table, 659 
Rotation, 1556 
Rougher, 865 
Roughing, calculation of economy, 1244 
Round table, 660 
attendance, 665 
capacity, 665 
contour of surface, 663 
Evans, 661 
feed, 664 
multiple-deck, 661 
power, 665 
recovery, 665 
size, 664 
slope, 664 
speed, 664 
surface, 662 
vs. vanner, 771 
water consumption, 665 
Rowand, film-flotation patent, 785 
pneumatic flotation machine, 813 
sereen, 524 (183) 
Rowand—Wetherill magnetic separator, 922 
(183) 
Royal Asturiana Mining Co., flow-sheet, 191 
Rubber, covers for magnet drums, 915 
covering for wire-cloth screen, 513 
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Rubber, for conveyor belting, 1057 
glass, 1295 
launder liner, 1296 
tube-mill lining, 429, 430 
Rubble masonry, 1587 
Ruby, 111, 1633 
Ruggles—Coles dryer, 1025 (178) 
Rumbo, 656 
Running time at mills, percentage (see flow- 
sheets of specific mills) 
Rust, 135 
Ruth, sub-aeration machine, 820 
Ruthenium, 201 
Rutile, 198, 211, 1633 “ 
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S. and M. Mine, flow-sheet, 214 
Saffold, agitation-froth machine, 804 
Saltation, 1088 
Sample, assay, 1124 
for ore testing, 1181 
weight, 1124, 1130, 1181, 1185, 1216 
Samplers (see Sampling, and _ specific 
machines) 
price, weight, 1339 
Sampling, 218, 1124 
accuracy, 1125-1127 
actuating devices, 1150 
allowable error, 1125 
anthracite, 52 
auger sampler, 1141 
bench system, 1136 
boat-loads, 1133, 1135 
Borcherdt sampler, 1153 
Brunton oscillating sampler, 1146 
Brunton vibrating sampler, 1145 
carloads, 1133, 1135 
coal, 1132, 1139° 
clocks, 1155 
cobbing system, 1136 
concentrate, 1171 
cone, 1135 
coning and quartering, 1135 
cost, 218, 1138, 1177 
crushers, 1162, 1174 
cutters, 1150 
cutting down, 1137, 1139 
damp and sticky ores, 1150 
dampers for cutters, 1152 
dewatering, 1157 
drying, 1173 
dust loss, 1163 
electrical timer, 1152 
errors, 1125, 1134 
feeders, 1162 
Flood sampler, 1154 
for microscopic analysis, 1193 
fractional shoveling, 1138 
Galigher timer, 1155 
gold ores, 1126 
grab, 1133 
grinding samples, 1174 
gun sampler, 1140 
hand, 1133, 1156, 1169, 1171 
hand cutters, 1156 
head sampling, 1167 
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Sampling, laboratory equipment, 1234 

machine sampling, 1141 

marking samples, 1173 

Martin sampler, 1150, 1166 

metallics, 1175 

mills, 1161 « 

miscellaneous, 1172 

mixing, 1162, 1177 

moisture sanuples? 1135, 1160, 1167 

moving machine samplers, 1144 

net sampling, 1133 

of cones, 1135 

pipe, 1140 

preparing samples, 1156, 1173 

pulp, 1150 

quartering machine, 1166 

quartering shovel, 1140 

railroad cars, 1133 

recording devices, 1155 

rifles, 1143, 1156, 1176 

rope-net system, 1135 

round sampling, 1135 

Scobey timer, 1154 

screen-test, 1132 

segregation, 1132 

shovel, 1138 

Simplex sampler, 1149 

size of particle, 1128, 1161 

Snyder sampler, 1146 

specific gravity, 1128 

split shovel, 1140 

splitting samples, 1156 

stationary machine samplers, 1142 

sticky ores, 1150 

tailing, 1171 

tilting-box samplers, 1151, 1154 

timing devices, 1151 

tonnage samples, 1157, 1160 

trench, 1140 

U-shovel, 1140 

umpire sampler, 1177 

Van Mater sampler, 1149 

Vezin sampler, 1147 

weight of sample, 1125, 1130, 1168, 1169 

wet pulp, 1150 

whistle-pipe sampler, 1142 
Samuel (see Lockwood and Samuel) 
Sand filter, 1012 
Sand flotation (see Heavy-fluid washers) 
Sand wheel, 970, 1285 (81) 

for kaolin washing, 29, 30 
Sandberg (see Rork and Sandberg) 
Sanders, froth-flotation patents, 792 
Sapphire, 111, 1633 
Scale factor, 1437 
Scales, automatic recording track, 235, 1157 

cost of erection, 1339 

dump, automatic, 1158 

number, 1355 

platform, 1157 

price, 1339 

track, 1157 

weight, 1339 
Scammell, oil-flotation patent, 789 
Scheelite, 211, 1633 
Schiechel, vacuum flotation, 795 
Schoene elutriation apparatus, 1189 
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Schwarz, atomizing, 824 
differential flotation, 891 
oil-flotation patent, 788, 790 
sulphide filming, 897 
Scott (see also Dosenbach and Scott) 
atomizing patents, 824 
flotation machine, 829 
Scraper dewaterers, 970 
Screen analysis, 1181. (See also Sizing 
tests) 
Screening, 498, 1181 
laboratory equipment, 1234 
Screening surfaces, 503 
aperture, adjustable, 524 
effect of moisture, 523 
effect of shape, 508 
bolting cloth, 515 
Dufour’s bolting cloth, 515 
lip-screen, 512 
manganese-steel, 512 
material, 507 
percentage of opening, 504, 508-511, 514 
effect on screening, 514 
punched plate, 508 
needle-slot punching, 510 
percentage of opening, 508-511, 514 
punching, 508-511 
round vs. slotted punching, 512 
thickness, 508, 509 
use of, 512 
weight, 508, 509 
width, 508, 509 
rectangular-mesh wire cloth, 513 
Rek-tang cloth, 513 
relation between mesh and aperture, 506 
silk cloth, 515 
Ton-cap cloth, 513 
wire-cloth, apertures, 504 
materials, 507 
percentage of opening, 504, 514 
rubber-covered, 513 
shape of opening, 512 
use of, 513 
weight, 504 
Screening washers, 625 
Screenless sizing, 549 
Screens, general, 498-549. (See also specific 
screens) 
capacity, 501 
crowding, 501 
efficiency, 502 
fixed, 516, 517 
relation between mesh and aperture, 506 
revolving (see Trommel) 
size of product, 515, 523 
stationary, 517 
stratification on, 502 
types, 516 
Screw conveyor (see Conveyor, screw) 
Screw feeder, 1122 
Seale (see also Palmer, Seale and Nevett, 
and below) 
Seale and Shellshear, cascade machine, 818 
combination machine, 828 
Secant, 1390 
graph, 1397 
Section, mill, 12 


Sector, circular, 1386 
elliptical, 1386 
Segment, circular, 1386 
parabolic, 1386 
volume, 1389 
spherical, 1389 
Seinsche, oil-flotation patent, 789 
Selling, metals and minerals (see the 
specific substances) 
ores and mill products, 217-228 
Semi-anthracite, 31, 32 
Semi-bituminous coal, 32, 33 
Semi-fluids, 1038 
Senarmontite, 16, 1633 
Senn vanner, 770, 776 
Seoul Mining Co., flow-sheet, 130 
water purification, 1279 
Series, 1421 
alternating, 1421 
binomial, 1422 
computation by, 1422 
convergent, 1421 
cosine, 1398 
divergent, 1421 
infinite, 1371, 1421 
Maclaurin’s, 1421 
of differences, 1870 
power, 1421 
sine, 1398 
sums of powers of integers, 1370 
tangent, 1398 
Taylor’s, 1421 
Set, 1563 
Settling (see Classification; Thickening) 
Settling tanks (see Thickening tanks) 
Shackleford washer, 770 
Shafting, critical speed, 1440 
flexure, 1580 
hollow, 1581 
lay-out, 1328 
price, 1340 
torsion, 1579 
weight, 1340 
Shaking feeder, 1122 
Shaking screens, 534 (22, 46, 48, 50, 57, 59, 
62, 63, 98) 
applicability, 538 
back-lash, 535 
capacity, 535, 536 
Ferraris support, 535 
head-motion, 535 
length of stroke, 535, 536 
life of screen surface, 536 
power (63), 536, 537 
sizes, 536 
slope, 535, 536 
speed, 535, 536 
Shaking tables, 717. (See also specific 
tables) 
applicability, 755 
attendance, 761 
capacity, 759 
cost, 762 
effect of riffles, 719 
feed-pulp consistency, 756 
feed, preparation of, 758 
for asbestos, 22 
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Shaking tables, lost time, 761 
operation, 755 
power, 761 
principles of action, 718 
riffing, 721, 761 
size of feed, 717, 720, 745, 756 
speed, 759 
stroke, 759 
types, 721 
vs. jigs for coal washing, 745 
vs. vanner, 771 
water consumption, 760 
Shallow-pocket classifier, 557 
Shannon jig, 711 
Shaper, 1340 z 
Shattuck—Arizona Copper Co., flow-sheet, 
188 
Shay locomotive, 1272 (95, note d) 
Shear, 1562, 1563 
Shellshear (see Seale and Shellshear) 
Sheridan and Griswold, differential flotation, 
882, 883 
Shields and Thielmann jig, 691 
Shiley vibrating screen, 63 
Shimmin filter, 1008 
Shimmin and Bushnell, agitation-froth 
machine, 805, 827 
Shipping ore, 618 
Shops, 1325 
equipment, price, weight, 1340 
Shovel wheel, 970, 1285 
Shoveling, from cars, 1138 
Shoveling-in, 120 
Siderite, 136, 1633 
roasting, 934 
Sieve, ratio, 498 
scale, 498 
Sign, algebraic, 1355 
Significant figures, 1345, 1347 
Silex tube-mill liner, 426 
Silica, analysis, 218 
penalty, 219 
Silver, 118, 1633 
loss in smelting, 221 
native, 75 / 
ores, selling, 217 
payment for, 222, 228 
schedules, 228 
Silver King Coalition Mines Co., area of 
mill building, 1298 
flow-sheet, 172 
Simplex jig, 697 (48) 
Simplex sampler, 1149 
Simpson, pneumatic cell, 815 
Simpson’s rule, 1387 
Sine, 1390 
by slide rule, 1354 
exponential, 1398 
law of, 1392 
logarithmic, 1476 
natural, 1468 
of twice angles, 1392 
series, 1398 
squares of, 1392 
sum of, 1392 4 
Sink-and-float tests, 1215, 1250 (66) 
Sinking fund, 1376 
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Sinking fund, table, 1492 
Sizing, 498 


effect of heat, 502 

effect of shape of aperture, 508 
principles of, 498 

probabilities in, 499 

screenless, 549 


Sizing tests, 1181 


average size of particles, 1197 
concordance, 1182, 1187 
drying samples, 1186 
elutriation, 1187 
equipment for, 1234 
mechanical shakers, 1186 
methods, 1185 
microscopic, 1195 
plotting, 1201 
standard sizing test, 1186 
testing sieves, 1181 
time, 1186 
weight of sample, 1185 
wet, 1186 

Skidding, 1552 

Skin flotation, 781-787 
graphite, 135, 136 

Skinner roaster, 875 

Skip hoists, 1085, 1301 

automatic, 242 


Sledging, 618 

Slenderness ratio, 1577, 1591 

Slide jig, 687 

Slide rule, 1351 
cubes and cube roots, 1353 
division, 1352 
logarithms by, 1353 
multiplication, 1352 
sines by, 1354 
squares and square roots, 1353 
tangents by, 1354 

Sliding angles, bin filling on walls, 1038 
coal and ore on bright steel, 519 
coal on cast iron, 519 
coal on glass, 519, 524 
coal on manganese bronze, 519 
coal on steel, 519, 524 
effect of moisture, 519 
quartzite on stecl, 519 
wet sand, 1283, 1285 

Shme, 972 
pond, 1288 
primary slime, 972 

Slime tables (see Sees. 8, 10) 

Sloughing-off box, 584 

Sluice, 642 

capacity, 649 

cleaning up, 648 

coal, 651 

construction, 643 

drops, 646 

gold distribution, 648 

grizzly in (121) 

length, 646 

mercury in, 649 

on Montana dredges, 123 
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Sluice, operation, 648 
rifles, 643 
size, 643 
slope, 645 
tin, 203, 204 
transporting capacity, 643, 645, 646 
vs. Neill jig, 689 
water-carrying capacity, 642 
water consumption, 647 
Smaltite, 74, 1633 
Smelter, bonuses, 219 
charges, 217, 219, 220 
penalties, 219 
Smelting, 218 
costs, 220 
losses, 221 
Smith, agitation-froth machine, 802 
film-flotation patent, 785 
sulphidizing flotation, 898, 899 
Smithsonite, 151, 1633 
Smittem, 684 
Smokeless coal, 32, 37 
Snow, guards, 1294 
load, 1294, 1591 
Snyder, Chas., sampler, 1148 
sampler, 1146 
Socavon de Oruro, flow-sheet, 208 
Sodium resinate, making, 901. 
Flotation agents) 
sulphide, effect on mechanical 
classification, 612. (See also Flo- 
tation, agents) 
Solid factor, 1248 
Solid revolution, volume, 1432 
Solution pressure, 1516 
Sonstadt solution, 1214, 1215 
Sorting, 550 
calculation of economy, 1244. 
Hand picking) 
Spalling, 618 
Spearman, film-flotation patent, 787 
Specific gravity, 1499 
assay by, 1246 
determination of, 1246 
difference required for concentration, 11 
minerals, 1632 
metals, 13 
Specific heat, 1504 
metals, 13 
- non-metals, 1505 
Specific surface, 1197 
Specific volume, 1248 
water, 1507 
Speed, 1549 
Speiss, 224 
Spessartite, 115, 1633 
Sphalerite, 75, 151, 1633 
Sphere, 1383 
area, 1388, 1462 
hollow, strength, 1571 
tables, 1462 
volume, 1388, 1462 
Spiegeleisen, 194 
Spigot product, 498 
Spiral, evolute, 1420 
logarithmic, 1413 
of Archimedes, 1387, 1413 
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Spiral, picker, 937 (48, 69) 
Splint coal, 33 
Split toggle for jaw crusher, 249 
Splitting pulp streams, 1123 
Square, 1384 
Square root, by slide rule, 1353 
tables, 1448 
Squares, table of, 1444 
Stadler, on crushing efficiency, 489 
Stage crushing, 244, 311, 391 
Stainless steel, 74 
Stamp, 317 
Stamp, gravity, 320 (127) 
anvil block, 322 
belt tightener, 331 
boss-head, 324 
California drop, 329 
cam, 327 
cam fastener, 328 
cam-shaft, 324, 329 
cam-shaft boxes, 329 
capacity, 332, 334 
chuck block, 337 
compensating weights, 327 
cost of crushing, in, 339 
dies, 323, 324, 325 
drive, 321, 322 
drop sequence, 328, 332 
duty, 331, 332 
feeding, 339 
finger bars, 330 
frame, 321 
guides, 330 
height of discharge, 332, 336 
height of drop, 328, 337 
Homestake drop, 329 
life of parts, 325, 326, 327, 328, 331 
lost time, 332, 339 
moisture in product, 382, 337, 339 
mortar, 322 
sectional, 323 
mortar block, 322 
mortar liner, 323 
operation, 331 
performance, 331 
power, 332, 338 
prospecting mills, 381 
pulley, 324, 329 
screen, 325, 331, 332, 335, 336 
sequence of drop, 328, 332 
shoe, 324, 325, 326 
size of feed, 245, 334 
size of product, 332, 335, 336 
speed, 332, 338 
stem, 324, 327 
tappet, 324, 327 
vs. ball mills, 343 
vs. Chilean mills, 479 
vs. rolls, 343 
vs. tube mills, 342 
water, 332, 337, 339 
weight, 321, 324, 334, 337 
Stamp, Nissen, 340 
Stamp, pneumatic, 342 
Stamp, steam, 317 (79, 81) 
cost of crushing, 320 
die, 319 
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Stamp, hydraulic discharge, 319 
liners, 319 
mortar, 319 
mortar jig, 319 
operation, 319 
performance, 319 
screens, 319 
shoe, 319 
simple vs. compound, 320 
steam pressure, 319 
Stannite, 202, 1633 
Statics, 1521 
Statistical calculation, 1252 
Steam coal, 33 
Steam power, 1316 « 
Steam sizes of anthracite, 40 
Steam stamp (see Stamp, steam) 
Steamboat coal, 38 
Steam-coal tipple, 54 
Steel, 1590 
balls, falling velocity, 552 
construction, 159C 
cost of erection, 1232 
drawings, 1328 
nickel, 1591 
properties, 1591 
sheet, 1597 
stainless, 27 
strength, 1590 
structural, 1293, 1591 
structures, 1591 
unit stress, safe, 1591 
Stellite, 74 
Stenning (see Higgins and Stenning) 
Stephanite, 119, 1633 
Stephan's law, 1502 
Stern magnetic separator, 936 (207) 
Stevens, differential flotation, 885 
film-flotation patent, 787 
Stewart jig, 710 
Stewart washery, 59 
cost, 74 
Stibnite, 16, 1633 
Stirrup feeder, 1123 
St. Louis, Rocky Mountain and Pacific Co., 
flow-sheet, 69 
Stokes’ law, 551 
Stone, film-flotation patent, 787 
Stone walls, 1586 
Storage, ore, 1033, 1273 
amount desirable, 1033 
bins, 1033 
capacity at various mills, 1275 
cear-yard, 89 
methods, 1034 
railroad cars, 1034 
stock piling, 1034 
Storage-battery locomotives, 1267 
Stove coal, 38 
Strain, 1563 
Straight-line law, 1434 
Strake, 652 
Stream gaging, 1624 
Streaming washers, 638 
Strength of materials, 1562 
Stress, 1562 
beyond elastic limit, 1565 
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Stress, due to temperature change, 1564 
impact, 1569 
in compound bodies, 1565 
repeated, 1566 
working, 1567 
Sturm’s theorem, 1367 
Sub-aeration machines, 819 
cost of erection, 1336 
gas volume, 892 
laboratory unit, 1224 
price, 1336 
testing procedure, 1226 st 
weight, 1336 “ie 
|. Sub-bituminous coal, 34 
Subtraction, algebraic, 1355 
arithmetic, 1345 
. complementary method, 1345 
complex numbers, 1371 
fractions (algebra), 1358 
shop method, 1345 
Suddenly-applied loads, 1567 
Sulman (see below; also Edser and Sulman) 
boiling process, 796 ‘ 
Sulman and Edser, oxide flotation, 900 
Sulman and Picard, bubble-column ma- 
chine, 808 
film-flotation patent, 786 
leaching-flotation, 899 
Sulman, H. L. and E. A., film-flotation 
patent, 787 
Sulman, Picard and Ballot, agitation-froth 
patent, 799 
film-flotation patent, 786 
plus-pressure process, 793 
Sulphides, soluble, making, 898 
Sulphidizing flotation, 897 (188) 
agents, 877, 897 
Sulphur, 1633 
bone, 34 
flotation, 904 
in coal, 34 
in washed bituminous coal, 71 
penalty, 219 
reduction, 1256 
reduction in bituminous-coal washing, 
54, 55 
Sundberg, differential flotation, 891 
Sunnyside Mining and Milling Co., flow- 
sheet, 180 
Super-centrifuge, 997 
Suppression of contraction, 1602 
Surface tension, 1517 » 
effect of flotation agents, 841, 842 m 
effect of heat, 1518 
measurement, 1520 
oleic acid, 842 
tables, 1519 
Surface, units, 1496 
Surfaces of solids, 1387 
Surge tank (92, 98) 
Suspended cables, 1536 
Suspension bridge, 1536 
Suspension bunker, 1036, 1044, 1049 
Susquehanna mine, flow-sheet, 138 
Sweetland filter, 1015 
Swing-hammer pulverizer, 485 
Swing-hammer regulator, 1118 


INDEX .- 


Sylvanite, 118, 1633 
Synthetic division, 1363 
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Table (see Gold table, Shaking table) 
Tables, mathematical, 1441-1498 
Tacoma smelter, im pling plant, 
| sheet, 1165 
-Tailing ig, 1236 ; 
Tailin, 1281. 


flow- 


(See also Tailing 


dust laying, 1284 
ailing disposal, 1280 (91, 158, 963) 
air-lift, 1287 e 
bucket elevator, 1285 
coarse tailing, 1280 
conveyors, 1285 } 
cost, 161, 1282, 1283, 1284, 1285 
gravity, 1281 
impounding, 1281 
methods, 1282 
mine filling, 1287 
precautions, 1288 
pumping, 1286 
rail, 1280 
re-treatment, 1288 
sale, 158, 1287, 1288 
stacking, 1284 
water clarification, 1284 
Tailing, pond, 1280, 1281, 1288 (85) 
reclamation, 1288 
Tailing wheel, 1109 
capacity, 1110, 1111 
cost of elevating, 1111 
efficiency, 1111 
performance, 1110 
power, 1110, 1111 
speed, 1110 
Tail-rope haulage, 1266 
Tainton, zinc-leaching patent, 953, 957 
Tamarack classifier (79) 
Tangent, 1390 
by slide rule, 1354 
exponential, 1398 
graph, 1397 
law of, 1392 
natural, 1470 
series, 1398 
sum of, 1392 
table, 1470 
Tank classifier, 557, 559, 564 
design, 581 
Tank washers, 632 
Tank washery, 60 
Tanks, pressure in, 1600 
wood, 1338 
Taylor Coal Co., flow-sheet, 68 
Taylor’s series, 1421 : 
Teeter chamber, area, 582 
Telegraph chute, 1086 (48) 
Tellurides, 119 
Tennantite, 75, 1633 
Tennessee Coal, Iron and Railroad Co., 
flow-sheet, 64 
Tenorite, 75, 1633 


Tension, 1562. 
Terry (see also Callow, 


il 
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(See also Surface tension) 

Thompson and 
Terry) 

cascade machine, 823 

differential flotation, 877 

leaching-flotation, 899 

pneumatic flotation machine, 815 

sulphide filming, 897 


Testing, 1179 


abrasion resistance of rocks, 433 
asbestos, 20 

buddle, 1213 

calculations, 1235 

classifiers, 1207 

cleaning up, 1234 

coal, 1218 

coal analysis, 1215 

crushing, 1206 

electrostatic separation, 1231 
elutriation, 1187 

filtration, 1209 

flotation, 1221 

for a process, 1180, 1218, 1227 
grinding for flotation, 1225 
hand jigging, 1211 

hand picking, 1210 

hardness of rocks, 433 

heavy solutions, 1214 
laboratory, 1232 

machines, 1206 

magnetic separation, 1231 
mechanical classifiers, 1209 
microscopic, 1192, 1227 

mill tests, 1231 

mineralogical composition, 1181 
panning, 1211 

pilot mill, 1180 

record form, flotation, 1221 
sample, 1181, 1216 

sample dryers, 1232 

shaking tables, 1213 

sieves, 1181 

sink-and-float test, 1215, 1250 (66) 
size of mineral grains, 1192 
sizing tests, 1181 

sizing-assay test, 1204, 1219 
sizing-sorting-assay test, 1205, 1206 
thickening, 1209 

toughness of rocks, 433 
tube-mill pebbles, 433 
vanners, 1213 

vanning, 1212 


Testing sieves, 1181 


coal testing, 1185 
DeKalb series, 1183 
Hoover series, 1183 

I. M. M. series, 1183 
Richards series, 1183 
Rittinger series, 1183 
shakers, 1186 
sieve-scale ratio, 1186 
sieve scales, 1182, 1183 
specifications, 1182 
standard, 1182 
tolerances, 1182, 1186 
Tyler series, 1183 
U.S. B.S. series, 1183 
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Tetrahedrite, 75, 119, 1633 
Tetrahedron, 1383, 1384 
area, 1388 
volume, 1388 
Theoretical mechanics, 1521 
Thermal capacity, 1504 
Thermal conductivity, 1504 
non-metals, 1505 
Thermometry, 1503 
Thickeners, 982 (25, 29) 
comparison of, 997 
continuous, 983 
design, 998 
discharge, 983 
filter, 994 = 
intermittent, 982 
tailing, 1280 
Thickening, 969, 972 
baffles, effect, 984 
compacting settling, 974 
consolidation settling, 974, 975 
depth of container, 981 
design of settling tanks, 998 
effect of added substances on settling 
rates, 976, 977, 989, 1157 
effect of pulp density, 978 
flocculation, 973, 974 | 
heating, effect, 974, 979 
principles, 972 
sedimentation, 973 
specific gravity of solid, effect, 982 
subsidence settling, 973 
tailing, 1280 
thickeners, 982 (25, 29) 
viscosity of medium, effect, 980 
Thompson (see also Callow, Thompson and 
Terry) 
sulphidizing flotation, 898 
Thompson—Weinman Co., flow-sheet, 25 
Thoria, 198 
Thornhill, differential flotation, 3892 
Thoulet solution, 1214 
Three-product formulas, 1236, 1238 
Throw, 251 
Thrust bearing, friction in, 1433, 1561 
Tilting tables, 658 
Timber Butte Milling Co., flow-sheet, 165 
Timber, cost of erecting, 1332 
Tin, 202 
dredges, 203 
penalty, 220 
placers, 203 
sluice, 203 
Tipping, 1552 
Tipple, 54 
revolving (see Car dump) 
Titanium, 210 
Toggle, jaw crusher, 249 
seats, 249 
Ton, 1495 
Ton, fluid, 1248 
Tonnage, in closed circuits, 1244 
milling circuits, 1243 
Torque, 1556 
Torrey cyclone, 487 
Torricelli’s theorem, 1600 
Torsion, 1579 
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Torus, 1389 

Toughness test for rocks, 433 

Towne and Flinn, bubble-column machine, 

809 

Track, elevation of outer rail, 1552 

Track scales, 1157 

Tractive force, animals, 1265 
formula, chart, 1439 

Tractor haulage, 1269 

Tramming, 1265 


Transformer, price, weight, 1339 if shi ‘ 
Transite, 1294 o Se 
Transport of materials, 1056 sui, ; 


Trapezoid, 1377 
area, 1385 Y 
Traveling-belt screen, 547 
Tray thickener, 993 
Treatment methods for recovery of different 
metals and minerals. (See the 
specific substances) 
Tremolite, 19, 1633 
Trent amalgam, 903, 945 
Trestle for tailing launder, 1282, 1284, 1286 
Triangle, 1376 
area, 1385, 1392, 1400 
equilateral, 1377, 1385 
law, 1523 
oblique, 1392, 1393 
right, 13877, 1385, 1392 
sides, 1392 
solution of, 1392 
spherical, 1383, 1399 
theorems, 1376 
Trigonometry, 1389 
formulas, 1397 
functions of an acute angle, 1389 
functions of an obtuse angle, 1391 
functions of half angles, 1398 
functions of multiple angles, 1397 
functions of sums or differences of angles, 
1398 
graphs of functions, 1396 
inverse functions, 1299 
relations between functions, 1391, 1396 
spherical, 1399 
Triumph vanner, 769 
Trommel, 526 
ball-mill, 101 
eapacity, 528, 530, 533 
chute slopes, 526 
compound, 527 
conical (64, 68), 527 
cost of erection, 1334 
covering, 530, 534 
cylindrical (68, 79, 83) 
compound (68, 144) 
diameter, 529 
drive, 526 
efficiency, 529, 530, 533 
Gilbert screen, 527 
hexagonal, 528 
length, 533 
life of screen, 530, 534 
power, 526, 528, 530 
price, 1334 
prismatic, 528 
product, size, 516 
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Trommel, revolving stone screens, 527 
screening surface, 530 
sectional, 527 
shaft diameter, 526 
size, 526, 528 
size of product, 516 
slope, 529, 530 
speed, 528, 529, 530, 533 
water consumption, 526, 530 
weight, 528, 1334 
Trough washer, 651 (59) 
oreakage in, 71 
roy ounce, 222, 1494 
‘russes, 1392, 1532, 1597 
Tube mills, 425 (98, 159) 
ammeter control], 458 
attendance, 438-443 
eapacity, 435, 437-443, 448, 451 
character of ore, effect on grinding, 437 
chip screens, 435 
circulating load, 455 
cost of grinding, 447 (note B), 458 
diameter, effect on performance, 449 
discharge, method of, 434 
drive, 437 
erecting, 437 
feed rate, 454, 456 
feeders, 434, 438-443 
grates, 435, 438-443 
grinding charge, 430, 438-443, 452 
head, 426 
inspection, 458 
length, effect on grinding, 426, 449 
liners, 426-430, 438-4438, 453 
choice of, 430 
consumption, 97 (note k), 426, 427, 
428, 437-443 
effect on capacity, 427, 428 
lost time, 488-443 
lubrication, 438-443, 458 
manholes, 426 
manufacturers, 437 
moisture in mill, 438-443, 457 
open vs.¥closed circuit, 453 
operation, 458 
pebbles, 430, 437-443 
consumption, 431, 432, 434 (95, note f), 
(97, note k) 
feeding, 435 
size, 453 
testing, 433 
performance, 428, 429, 437-443 
power, 437-443, 453, 457 
quick discharge, 432 
re-lining, 426, 427, 438-443 
scoop discharge, 435, 436 
setting up, 437 
shell, 426 
size, 448, 449 
size of feed, 438-443, 450 
size of product, 488-443, 452 
speed, 429, 438-443, 453 
standard tube mill, 425 
support, 435 
trunnions, 426 
vs. ball mill, 470 
vs. conical pebble mill, 470 
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Tube mills, vs. grinding pan, 458 
vs. rod mill, 470 
weight of grinding charge, 432, 452 
Tube washery, 60 
Tucker and Edser, differential flotation, 888 
oxide flotation, 901 
Tunbridge, oil-flotation patent, 789 
Tungsten, 211 
Tungsten Mines Co., flow-sheet, 213 
Turbine, water, 1554, 1555 
Turbo washer, 629 (140) 
Turbulent resistance, 551 
Twaddell scale, 1499 
Two-product formulas, 1236 
Tyden (see Appelquist and Tyden) 
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Ullrich magnetic separator, 924 
Ultimate strength, 1565, 1566 
plates, 1569 
rivets, 1569 
structural materials, 1566 
tensile, 1567 
Ultramicroseope, 1511 
Undercurrents, 646 (123) 
Uniformity, size, coefficient, 1200 
Unit, 219 
United Eastern Mining Co., area of mill 
building, 1298 
flow-sheet, 963 
United States Smelting, Refining and Min- 
ing Co., Midvale plant, flow- 
sheet, 177 
United Verde Copper Co., Clarkdale plant, 
flow-sheet, 238 
Hopewell plant, flow-sheet, 237 
Unloading with compressed air, 1055 
Uses of metals and minerals (see specific 
substances) 
Utah Copper Co., flow-sheet, Magna plant, 
87 
Utah Leasing Co., flow-sheet, 99 
tailing reclamation, 1288 
Uvarovite, 115, 1633 
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V-box classifier, 584 
Valence, 1515, 1631 
Valentinite, 16, 1633 
Valhalla crushing plant, flow-sheet, 231 
Van Arsdale, anode patent, 958 
Van Mater sampler, 1149 
Vanner, 763-778 
attendance, 765, 777 
banking, 776 
bed thickness, 776 
belt, 776 
belt cleaner, 770 
belt speed, 764, 768, 771, 772, 775 
capacity, 765, 768, 772, 773, 774 
comparison of vanners, 778 
concentrate, removal, 770 
differential-shake, 769 
efficiency, 777 
end-shake, 769 
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Vanner, feed, preparation, 774 
feed-pulp consistency, 764, 768, 771, 773 
felting, 772 
greased belt, 110 
gyrating, 770 
life of belts, 777 
moisture in feed, 764, 768, 771, 773 
operation, 770 
performance, 764, 768, 773 (169) 
power, 764 
side banks, 776 
side-shake, 766 
size of feed, 764, 768, 770 
shake (see Stroke) 
slope, 764, 768, 771, 772, 773, 775 
speed, 764, 768, 773 
stroke, 764, 768,773, 774, 775 
testing, 1213 
types, 763 
vs. shaking tables, round tables and 
frames, 771 
wash water, 765, 770, 771, 772, 773, 776 
Vanning, 1212 
Vapor pressure, 1019 
Variation, 1346 
Varignon's theorem, 1525 
Vector, 1522 
Velocity, 1419, 1549 
of approach, 1601, 1604 
Venturi, meter, 1626 
tube, 1603 
Versine, 1390 
Vertical-current washers, 629 
Vezin sampler, 1147 
Vibrating-tray feeder, 1122 
Vibrating screens, 538 
amplitude, 539 
eapacity, 539,-540, 541, 542, 543, 544, 


545, 546 4 

Colorado impact screen, 540 (87, 89, 126, 
243) 

efficiency, 539, 540, 541, 543, 544, 545, 
546 (96) 


Hum-mer (see Hum-mer screen) 
impact screen (see Colorado impact 
screen) 

Lead-belt screen, 546 

Leahy screen, 545 

length of stroke, 639 

life of screen surface (96), 539, 543 

Mitchell screen, 540 (96) 

performance, 539, 541, 543, 544, 545 

power, 539, 543, 546 

product, size, 515 

fiowand, 524 (183) _ 

size, 540 

size of product, 515 

slope, 539, 541, 548, 544, 546 

speed, 539, 543, 546 

vibration, character of, 542, 544- 
Viscosity, 1499 we $f: 

relative, 1501 fhe 2 tte 

specific, 1501 n 
Viscous resistance, 551... tht 
Voids, 1247 - 
Volatilization, concentration by, 191 

furnace, 193 


Volt, 1513 

Volumes, of solids, 1387 
of solids of revolution, 1430 
units, 1496 
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Wad, 194, 1633 
separation by flotatloum 638 
Wagner, pneumatic flotation ‘machine, 812 
Wagon haulage, 1269 
Warehouse, 1326 
Wash trommel, 625 (123) 
Washers, 625 (29, 30) 
classifying, 627 
nozzle, 626 
sereening, 625 
streaming, 638 
Washing, 625 
cual, 57 
cost, 74 
iron ores, 138 
Washoe sampling mill, flow-sheet, 1164 
Water, clarification, 1284 (94) 
consumption, anthracite breakers, 54 
bituminous coal washery, 65, 66, 69 
copper-ore concentrators, 78, 84, 91, 
95, 100, 102, 104, 108, 1276, 1278, 
1279 
eyanidation, 1276 
dump-tailing plant, 99 
flotation, 1276 
general, 1274 
gold concentration, 124, 129, 131, 132, 
1276, 1278 
iron concentration, 139, 141 
lead concentration, 154, 1276 
lead-zine concentration, 182, 188, 1276 
sulphidizing flotation, 188 
tungsten concentration, 214 
zine concentration, 182, 191, 1276 
hammer, 1615 
physical properties, 1597 
reclamation, 1279 (84, 102, 104, 108, 154) 
methods, 1280, 1282 
performances, 1276, 1279, 1282 
recovery, 1279, 1282 
supply, 1274, 1628 
chemical composition, 1279 
domestic consumption, 1628 
effect on flow-sheet, 12 
effect on mill location, 1274 
fire mains, 1322 ee 
power consumption, 1278, 1279 » 
purification, 1279 
salt, 1278 
sources, 1278 : 
storage, 1278, 1629 
systems, 1278 


| Waterhouse, pneumatic flotation smachine, 


814 (98, note>r). > 
Water wheel, specific speed, 1439. 
Watt governor, 1551 
Wausau Abrasive Co., flow-sheet, 118. 


Wear characteristics of tocks, 433 ~~ =.-. 


Weatherby magnetic separator 931 
Wedge, 1389 
Wedge roasting furnaces, 951 (164) 
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Weighing ore, 1157 
approximate methods, 1159 
laboratory equipment, 1234 
Weight (see also Density, Specific gravity, 
and specific substances) 
bin-filling materials, 1037 
cast-iron pipe, 1616 
loose earth, 1589 
loss i n water, 1599 
achinery, 1333-1341 
ctural materials, 1566 
its, 1494 
water, 1597, 1598 
wrought-iron pipe, 1618, 1619 
eighted mean, 1373 
Weightometer, 1158 (90) 
price, weight, 1340 
Weir, 1604 
charts, 1606 
Weir—Meredith vanner, 769 
Well save-all, 123 
Wells, 1629 
Welsch, bubble-column machine, 823 
Wenstrom magnetic separator, 915 
Wentworth, fractional roasting, 875 
halogen to deaden lead, 876 
Wetherbee iron-ore concentrator, 629 
Wetherill magnetic separator, 919 
performance, 922 
Wheelock, film-flotation patent, 785 
Wheels, 1557 
Whistle-pipe sampler, 1143 
Whitaker, oxide flotation, 900 
White metal, 151 
White precipitate, 956 
Whitworth, reagent patent, 847 
Wilfley sand pumps, 1106, 1301 (167) 
cost of pumping concentrate, 1301 
Wilfley table, 721 
adjustments, 728 
attendance, 725, 728 
bituminous-coal treatment, 727 
capacity, 724, 726, 727 
construction, 722 
cost of erection, 1335 
cost of riffing, 723 
deck covering, 723, 724 
hand, 723 


~ head-motion, 722 


lost time, 728 
moisture in feed, 725 
performance, 723-726, 757 
power, 725, 728 

price, 1335. ; 
products, 725 

riffles, 723, 724 

size of feed, 724, 727 
slope, 728 

speed, 724, 727 

spring adjustment, 723 
stroke length, 724, 727 
vs. Butchart table, 733 
vs. jig, 728 
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Wilfley table, wash water, 725, 726, 728 
weight, 1335 
Wilfley tilling slimer, 659 
Willemite, 151, 1633 
Williams, differential flotation, 880 
Wilmot, pan jig, 711 
piston jig, 697 
Wilson, pneumatic flotation machine, 813 
Wind pressure, 1591 
Wire (see also Electrical transmission) 
diameter, 507 
gage-numbers, 503, 507 
weight, 507 
Wiring, electric, price, weight, 1339 
Wiring lay-out, 1328 
Wisconsin, one-jig zinc mill, flow-sheet, 163 
Wisconsin, two-jig zine mill, flow-sheet, 163 
Wiser, oxide flotation, 901 
Wiser—Chino magnetic separator, 929 
Witherbee, Sherman Co., flow-sheets, 141 
Witherite, 23, 1633 
Wolf, oil-flotation patent, 789 
Wolfe, oil-flotation patent, 789 
Wolframite, 211, 1433 
W ood, classifier, 595 
film-flotation machine, 783, 785 
fractional roasting process, 875 
sub-aeration machine, 829 
Woodbury jig, 691 (81) 
os. Evans jig, 708 
vs. Hancock jig, 708 
Woodward Iron Co., flow-sheet, 65 
Work, 1553 
diagram, 1554 
equivalents, 1497 
Working stress, 1567 
masonry, 1586 
structural materials, 1567 
Wulfenite, 196, 1633 
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Yeatman classifier, 557 

Yield point, 1564 

Young’s modulus, 1563 

Yukon Gold Co., Malay dredges, 204 
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Zero, division by, 1355 
multiplication by, 1355 
Ziegler, bubble-column machine, 822 
picker, 937 
Zine, 151 
carbonate ores, concentration, 182 
payment for, 225 
penalty, 219 
schedules, 225 
smelting, 219 
losses, 221 
Zine chloride solution, specific gravity, 1216 
Zincite, 151, 1633 
Zircon, 198, 1633 
Zone, 1388 
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